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NEW TAXA AND NOMENCLATURAL CHANGES IN

THE GENUS TRICHIPTERIS (CYATHEACEAE)

David S. Barrington

The genus Trichipteris was substantially enlarged and

redefined by Tryon (1970). However, a number of nomen-

ems
revision of the group. make

my revisionary

of the genus (Barrington, 1974). One new species, two

new varieties, new combinations, changes in status, and

comments on correct authorship are the result.

Dr. Rolla M. Tryon of the Gray Herbarium, Harvard

University, contributed a number of comments and sug-

gestions to this work, for which I am grateful. Dr. David

B. Lellinger, of the U. S. National Herbarium, brought

to my attention the unusual specimens of Trichipteris

nigripes, and suggested the epithet "brunnescens." Ms.

Mary Robbins provided the drawings of the new species

of Trichipteris from Guyana (British Guiana).

Trichipteris costaricensis (Kuhn) Barr., comb. nov.

Hemitelia costaricensis Kuhn, Linnaea 36:159. 1869.

Trichipteris demissa (Morton) Tryon var. thysanolepis

Barr., var. nov. Plate 1 : figures 1 & 2.

Differt a varietate typica squamis petioli fimbriatis, lam-

ina 1-pinnato-pinnatifida, ramis laminare furfure squamu-

larum et trichomatibus longis, paraphysibus longitudine

mmusve

1
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I

^^Mmmm0\
Plate 1. gures 1 & 2: Trichipt

Maguire Wurdack
(Morton) Tryon

GH; figure 1, three central pinnae X V2; figure 2, three lobes of a
pinna X IV2. 1 igures

Tillet & Boyan 45119, us; figure 3, two central pinnae X V2; figure 4,

basal part of a pinna X 2. Figures 5 & 6: Trichipteris nigripes
(C. Chr.) Barr. var. brunnescens Barr., var. nov. Cuatrecasas 16155-C,
us; figure 5, three central pinnules from a central pinna X V2;
figure 6, central part of a pinnule X 2.
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Holotypus: Venezuela, Territorio de Amazonas, Summit,
Cerro de la Neblina, Rio Yatua, January 15, 1954 ; Maguire,

Wurdack & Bunting 37291, NY. Isotypi: gh, us. Para-

typi: Venezuela, Territorio de Amazonas, Cerro de la

Neblina, Rio Yatua; Maguire, Wurdack & Maguire 42346,

us; Maguire, Wurdack & Bunting 37100, US.

The varietal epithet, derived from Bvoavoc, (fringe), and
Xett'v; (scale) refers to the distinctive multicellular tri-

chomes borne along the edge of the petiole scales, which
are absent in plants of var. demissa. The lamina of var.

thysanolepis is 1-pinnate pinnatifid, while in var. demissa

it is 2-pinnate or more complex. The paraphyses of variety

thysanolepis are longer than those of the type variety.

Trichipteris Dombeyi (Desv.) Barr., comb. nov. Alsophila

Dombeyi Desv., Mem. Soc. Linn. Paris 6:320. 1827.

Trichipteris falcata (Kuhn) Barr., comb. nov. Alsophila

falcata Kuhn, Linnaea 36:155. 1869.

Trichipteris gibbosa (Kl.) Barr., comb. nov. Alsophila

gibbosa Kl., Linnaea 18 :542. 1844.

Trichipteris nanna Barr., sp. nov. Plate 1 : figures 3 & 4.

Caulis erectus, sed gracilis, ad 1 m. altus, diametro

1.5 cm., inter cicatrices anthracina. Petiolus circa 10-15

cm. longu,s, ferrugineus, sulcatus, inermis vel pauce tuber-

culatus; squamis structura late-marginatis fuscis albi-

dolimbatis integris vel erosis, parte media fusca saepe

deficienti vel indistincta. Lamina 40 cm. longa, 1-pinnato-

pinnatifida obovato-lanceolata coriacea, apicem versus gra-

datim acuminata. Rhachis adaxialiter sulcata glabra, abax-

ialiter squamis argentis adpressis. Pinnae centrales sessiles

oblonga, base truncata vel cuneata, apice obtusa integra.

Rhachides pinnarum adaxialiter sulcatae, glabrae, abax-

ialiter glabrae vel trichomidiis albescentibus, basaliter

pneumotodiis lacriformibus. Costae adaxialiter glabrae,

abaxialiter glabare vel trichomidiis albescentibus. Lobi

pinnarum integri, apicibus rotundatis, in sicco abaxialiter

revoluti. Venae liberie, ad soros submarginales furcatae
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vel simplices. Pagina laminae utrinque glabra, vel pagina

abaxialis trichomidiis paucis. Sori exindusiati, paraphysi-

bus porphyreis tranlucentibus sporangia plus minusve

aequantbus; receptacula hirsuta.

Holotypus : British Guiana, Upper Mazaruni River Basin,

Mt. Ayanganna, on .shoulder of E. flank, about Thompson
Camp; 1418 m., 12 August 1960; Tillet, Tillet & Boyan
45119, us.

The species epithet refers to the diminutive size of the

plant, relative to that of most tree ferns. From the other

14 small species in the genus, T. nanna is best separated

on the basis of its blunt-tipped pinnae and blunt, entire

ultimate segments.

Trichipteris nigripes (C. Chr.) Barr., comb. nov. Alsophila

nigripes C. Chr. Ind. Fil:45. 1905. nom. nov. for Alsophila

melanopus Hook., Syn. Fil. ed. 1:37. 1866. non A. melan-

opus Hassk., Journ. Bot. 7:325. 1855.

Trichipteris nigripes (C. Chr.) Barr. var. brunnescens

Barr., var. nov. Plate 1 : figures 5 & 6.

Differt a varietate typica petiolis aculeatis, ramis lami-

narum trichomatibus, pinnulis sessilibus vel brevi-petiolu-

latis.

Holotypus: Colombia, Valle de Cauca, Rio Yurumangui,
Veneral, 5-50 m., 1944 ; Cuatrecasas 16155-C, US. Isotypus

:

GH. Paratypus: Colombia, Valle de Cauca, Agua Clara,

highway from Buenaventura to Cali, 100 m., 1944; Killip

& Cuatrecasas 38884, F. Isoparatypi: GH, us.

This is a Pacific coastal variety of T. nigripes which
centers in the Dagua Valley of Colombia, an important

center for endemism in the genus. It differs from the

typical plants of the species in having well-developed

petiole spines, sessile pinnules, and trichomes on the leaf

axes.

Trichipteris pauciflora (Kuhn) Tryon. Alsophila pauci-

flo 1869.
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The basionym for the combination in Trichipteris was

cited as "Alsophila pauciflora Presl, Gefassbiindel Stipes

der Farm: 35. 1847 (preprint from Abh. Bohm. Ges. 5(5) :

343. 1848"). However, PresPs name is a nomen nudum,

and the author of the basionym and reference require cor-

rection. For a detailed discussion of this nomenclatural

problem, see Nicolson (1975).

eris phalerata (Mart.) Barr., comb. nov. Cyathea

Mart., Denkschr. Bot. Ges. Regensb. 2:146 t. 2

f.3. 1822.

Trichipteris phalerata (Mart.) Barr. var. Iheringii (Ros-

enst.) Barr., comb. & stat. nov. Alsophila Iheringii Ros-

enst, Hedwigia 56:358. 1915.

Trichipteris Schlimii (Kuhn) Barr., comb. nov. Alsophila

Schlimii Kuhn, Linnaea 36:157. 1869.
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TH3 OCCURRENCE OF BISPORANGIATE STROBILI
IN SUBALPINE BLACK SPRUCE

W. H. WE.DLICH 1 AND J. A. TEEKI

Successful growth and sexual reproduction in subalpine

black spruce (Picea moriana (Mill.) BSP.) in New Hamp-
mean temper

mest month
northern parts of the species range (Teeri, 1968). At
timberl

seed is m
elevations. In Krummholz patches above the timber

White Mountains of New Hampsh
accom

plished primarily by vegetative layering of the prostrate

stems, with only sporadic occurrence of female strobili

(Teeri, 1969). At the upper elevational limit of female

strobilus production (ca. 4,800 feet above sea level), bi-

sporangiate strobili occasionally occur on prostrate plants

of black spruce.

Bisporangiate strobili have been reported for many gen-

era of conifers (Chamberlain, 1935) including spruce

(Santamour, 1959), and information on the morphological

distribution of sexes is present in the literature (Chamber-

lain, 1935; Richter, 1932; Zobel, 1952; Santamour, 1959;

Black, 1961; and Elis, 1970). This paper describes the

anatomy of bisporanjiate strobili of subalpine black spruce

and correlates their occurrence with changing environ-

mental conditions along an elevational gradient on Mt.

Washington, New Hampshire.

METHODS

The study area was en an east-facing slope of Mt. Wash-
ington, New Hampshire. It included at its lower elevation

(2,800 ft.) a well-developed red spruce (Picea rubens)-

'Harvard University Cabot Foundation, Petersham, Mass. 01366.

department of Biology, University of Chicago, Chicago, 111. 60637.
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balsam fir (Abies balsamea) forest. Occasional bla^k

spruce colonies were present in this forest in sites sub-

jected to cold air drainage or on wind exposed ridge crests.

At the upper elevation (5,000 ft.) the study area was
within the alpine zone in which prostrate Krummholz colo-

nies of black spruce were scattered on the tundra. Maxi-

mum-minimum recording thermometers were placed in

ventilated wood shelters at two elevations in the study

area and were read weekly for the 1967 growing season.

The shelters were located in the foliage of black spruce

plants at each station. Additional temperature data were
obtained from records of the weather observatory at the

summit of the mountain.

Bisporangiate strobili of Picea Tnariana, were fixed in

FAA in the field. The fixed strobili were dehydrated in

tertiary butyl alcohol, embedded in Paraplast, and sec-

tioned at 10-12 /x on a rotary microtome. The sections were
stained with safranin and fast green.

»

RESULTS

The mean weekly temperatures for the three stations of

the transect are illustrated in Figure 1. The right-hand

axis indicates the sexual reproductive status of black

•spruce along the transect. At lower and middle elevations

(2,800-4,600 ft.) normal male and female strobili are pro-

duced. At about 4,300 feet the size and frequency of female
strobili decrease. Along with the decrease in size, the

strobili become increasingly deformed. The 10°C isotherm

for the warmest month of the year is approximately the

upper elevational limit for successful sexual reproduction

of black spruce in the White Mountains of New Hampshire
(Teeri, 1968). None of the female strobili above 5,000 feet

was observed to release seed; in fact they usually decom-
posed during the growing season. Upon dissection of these

cones, % of the seeds were hollow or grossly deformed
(Teeri, 1968).

Bisporangiate strobili occur occasionally at the elevation

where female strobili start to disappear. They are borne
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Elevation
in I et

t

2.0

3,00

4,00

Bo«h Seiei

Ferl.le

000^\ R

Jr Slrobili

I

6.00
Male
Slrobili

JUNE
13

JULY
10 24

AUGUST

Fig. 1. Interrelations of cumulative mean air temperature at 3 ele-

vations and fertility of subalpine black spruce. At higher elevations

the bisporangiate strobili produce a small amount of fertile pollen

but no viable seeds. At the same elevation male strobili produce

fertile pollen, but the fejnale strobili all appear stunted and sterile.

just below the terminal portion of new shoots (the normal

position for female strobili) and are bisporangiate in one

of two arrangements. In the first arrangement (longi-

tudinally bisporangiate), the distal half of the strobilus

bears ovuliferous scales, and the proximal half microspor-

angia (Fig. 2 A). In the second arrangement (laterally

bisporangiate) the two sexes are distributed in a bilateral

arrangement along the axis of the strobilus (Fig. 2 B).

The transition from male to female in the longitudinally

bisporangiate strobilus is more gradual than in the later-

ally bisporangiate strobilus. The microsporangia in the

laterally bisporangiate strobilus have already shed most of

their pollen, and appear normal. The microsporophylls also

seem normal (Fig. 2 B). The microsporophylls in the

lower portion of the longitudinally bisporangiate strobilus
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Fig. 2. Distribution of sexes in bisporangiate strobili of black

spruce* A. Longitudinally bisporangiate strobilus (20X)- B. Later-

ally bisporangiate strobilus (20X). (B) bract; (M) microspor-

angium; (MS) microsporophyll; (O) ovule; (OV) ovuliferous scale.
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are regular in appearance and pollen in the microsporangia

seems normally developed (Fig. 2 A)'. The ovuliferous

scales in the laterally bisporangiate strobilus and the fe-

male portion of the longitudinally bisporangiate strobilus

are regular in appearance. The ovules which they bear

normal (no ovules are in the plane of section

in Fig. 2 A) pment

conifers at pollination (Chamberlain, 1935; Foster and

Gifford, 1959). Each ovule consists of a free cellular

gametophyte, nucellus, and an integument that is reflexed

at the micropyle to allow entry of pollen into the pollen

chamber (Fig. 2 B).

Some unusual morphological characteristics are present

in the transition zone between male and female portions of

the longitudinally bisporangiate strobilus. The bracts sub-

tending the ovuliferous scales in the lowermost portion of

the female section often bear aborted microsporangia (B

in Fig. 3 B). Bracts distal to the transition zone bear no

microsporangia. Of less frequent occurrence in the transi-

tion zone are bracts that bear two microsporangia contain-

ing fully developed pollen (Fig. 3 A). The vascular tissue

in the bract (or microsporophyll) exhibits the normal ar-

rangement of xylem and phloem (phloem abaxial to the

xylem), whereas the vascular tissue in the associated ovuli-

ferous scale exhibits the typical reversal of xylem and

phloem (phloem adaxial to the xylem) in the ovuliferous

scale of conifers (Chamberlain, 1935; Foster and Gifford,

1959). The normal orientation of xylem and phloem indi-

cates that the structure bearing microsporangia in Fig-

ure 3 A is a bract subtending an ovuliferous scale, and is

also functioning as a microsporophyll. This unusual con-

dition has also been reported for Pinus (Chamberlain.

1935).

DISCUSSION

Sexual reproduction is not common in subalpine black

spruce in New England (Teeri, 1969). Reduced fertility

is associated with a decrease in size of the female strobili
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Fig. 3. A. Cross section of ovuliferous scale-bract complex with

bract bearing a microsporangium containing pollen (170X)- B.

Longitudinal section of a bract bearing an aborted microsporangium

(50X). (B) bract; (M) microsporangium; (MS) microsporophyll;

ovuliferous (P) phloem; (X) xylem.
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and a decrease in the production of viable seed. As the

elevation increases on Mt. Washington, the temperature

and duration of the growing season decrease, and precipi-

tation increases (Teeri, 1968). Thus, conditions favorable

for sexual reproduction diminish with increasing elevation.

The size and number of viable seeds per female strobilus

decrease with increasing elevation up to timberline,

whereas the male cones are affected principally above

timberline. Therefore, the breakdown in sexual repro-

duction seems to specifically involve poor development of

the female strobilus prior to pollination, and failure to

produce viable seed following pollination since no viable

seeds were found at high elevations.

In an extensive study on the reproduction of black

spruce, Fraser (1957, 1966) determined that a heavy seed

year follows a hot dry summer in the arctic and alpine

ranges of the species. He found that a lack of warm
dry weather prevents the build-up of reserve photosyn-

thates necessary for a good seed crop and that more repro-

ductive buds form during" a good summer with a high

carbohydrate accumulation. Thus the conditions prevailing

at the time when buds are formed determine whether stro-

bili or leaves will be produced from buds in reproductive

positions along the branches. The decrease in optimum
conditions for carbohydrate accumulation and strobili for-

mation as elevation increases in the Presidential Range
of New Hampshire may be responsible for a lack of repro-

ductive bud inception and development at higher elevations.

In the genus Abies approximately the same number of

reproductive buds is formed annually and hence inception

is considered to be independent of external factors (Elis,

1970). The further development of these primordia is

reported to be apparently influenced by external factors.

For example, buds transitional between vegetative buds
and female strobili were observed to occur in positions

which would normally be occupied by buds of female stro-

bili. These transitional buds produced either ovuliferous

scales proximally and short needles distally, eventually
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developing into shoots, or they produced needles proximally

and subsequently developed ovuliferous scales. One bi-

sporangiate strobilus was observed that was female in the

terminal portions and male at the base.

As in Abies, changes in external conditions may be re-

sponsible for the production of bisporangiate strobili in

black spruce. The conditions under which a strobilus

begins development may favor formation of microsporo-

phylls, while later conditions may favor the production of

ovuliferous scales. The laterally bisporangiate strobilus is

difficult to fit into this general explanation. If the sexual

expression of a reproductive bud is controlled by a sensi-

tive physiological balance of growth regulating substances

or nutrients, this balance could be upset in a longitudinal

or lateral manner at the environmental limits of the species

tolerance. In the case of the longitudinally bisporangiate

strobilus, either the strobilus apical meristem or the em-

bryonic primordia that were cut off by it changed their

course of development completely; whereas in the case of

the laterally bisporangiate strobilus, either the strobilus

apical meristem or the primordia alternate between micro-

and mega-physiological states during which male and fe-

male reproductive structures are formed.

Bisporangiate strobili and abnormal positioning of fe-

male strobili have been reported for Pinus contorta (Black,

1961) and balsam fir (Schooley, 1967). In these cases the

female and bisporangiate strobili replace male strobili in

the male clusters at the base of the new shoot. These

female strobili are somewhat stunted and produce a smaller

number of viable seeds than do normally positioned ones.

It is apparent from these studies that the position of a

reproductive bud does not have complete influence on its

development. The bisporangiate strobili of black spruce

are also borne in positions where female strobili normally

occur, but this position does not absolutely predispose the

strobilus to total female expression.

The larger female strobili probably require more photo-

synthate for development than male strobili (Fraser,
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1957), and bisporangiate strobili occur where environ-

mental conditions are marginal for female strobilus pro-

duction. Environmental extremes have been invoked else-

where as an explanation of the sporadic occurrence of

bisporangiate strobili (Black, 1961; Santamour, 1959; Elis,

1970). There are several factors that could explain why
the male strobili continue to form normally at elevations

where female strobili fail to complete normal development.

Fraser (1966) has observed that male cones of black spruce

differentiate about a week earlier than female strobili. At
the end of the relatively brief growing season at timberline,

the earlier onset of development of male strobili would
allow a longer period for initial development. In addition,

the female strobili are considerably larger than the male

strobili and in the growth-limiting timberline environment,

the smaller male strobili are more likely to receive the

necessary photosynthate for completion of development

than the larger female strobili.

Chamberlain (1935) discusses the various morphological

interpretations of the bract and ovuliferous scale. He con-

siders the bract of the female strobilus to be homologous

to the microsporophyll of the male cone. The bisporangiate

strobili described in this paper are teratological phenomena
and any phylogenetic inferences or interpretations of

homology should be drawn with considerable caution.

However, the fact that bracts subtending ovuliferous scales

in the transition zone of the longitudinally bisporangiate

strobilus bear microsporangia tends to substantiate Cham-
berlain's (1935) conclusion as to the nature of the bract

in the female strobilus of conifers. >

SUMMARY

Bisporangiate strobili are occasionally produced on plants

of black spruce at timberline (4500-4700 ft.) in the moun-
tains of New Hampshire. These abnormal strobili occur

at the upper elevational limit of production of "normal
female strobili. The air temperatures of the growing sea-

son at this elevation are near the lower limit (mean July

jy
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temperature ca. 10°C) reported for successful growth and

reproduction of black spruce in other parts of its range.

The bisporangiate strobili occupy positions on the termi-

nal portions of the branches where female strobili would

illy occur. At pollination the ovules and pollen grains

r normal. Bisporangiate strobili are probably indica-

norm

environmen
mor

genesis and sex expression. Bracts subtending ovuliferous

scales may bear microsporangia in the transition zone

between sexes in longitudinally bisporangiate strobili.
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BIOSYSTEMATIC OBSERVATIONS ON
APHRAGMIA INUNDATA (ACANTHACEAE)

FROM MEXICO 1

Robert W. Long

The genus Ruellia L. (sensu lato) is a large group of

plants that is poorly understood taxonomically, especially

in the tropics, and until recently there have been few

opportunities to compare the better-known North American

species with those of Mexico and the American tropics.

Acquisition of materials was begun a number of years ago

in preparation for selected biosystematic investigations of

certain wide-ranging tropical species and their relationship

to North American taxa. It is now possible to begin re-

evaluation of the taxonomy of some of these species.

Field and garden studies of Aphragmia inundata

(H.B.K.) Bremek. (Ruellia inundata H.B.K.) were ini-

tiated in 1970. This species occurs from Mexico south into

Colombia and Brazil. Plants are quite abundant locally

and may form dense thickets of low shrubs. Mass collec-

tions were made in Veracruz and Yucatan, and herbarium
specimens from throughout the range were examined.

Transplants were grown in the experimental garden and
greenhouse, cytological studies were made, and crossing

experiments were performed using a number of Ruellia

species.

MORPHOLOGICAL COMPARISONS

In nature, Aphragmia inundata is a ruderal subshrub
found in a wide variety of habitats. Plants grow along

roadsides, on open slopes or in fields, in dry or moist situ-

ations. Characteristically, the plants have woody, whitish,

glabrate stems, and their grayish-puberulent leaves emit a

pungent odor that has been described as goat-like. Large

Contribution No. 70 from the Botanical Laboratories, University

of South Florida, Tampa, Florida. Aided by a grant from the Na-
tional Science Foundation GB-35231.
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Photograph of an herbarium specimen of Aphragmia

inundata from the Yucatan, Mexico.
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numbers of flowers are produced in rather dense sub-

cylindric cymes. Descriptions of the flower (Standley,

1930, p. 424; Leonard, 1936, p. 208; 1951, p. 77) say the

corolla is light blue, but in nature and in garden culture

it is, in fact, reddish or pink. Other distinctive features

of the species are the swollen nodes, the glandular pub-

escence of the leaves, upper stem, and inflorescence, and
woody, rhizomatous underground parts (see Fig. 1).

For purposes of comparison, the important morphologi-

cal characteristics of Aphragmia inundata are contrasted

with those of the wide-spread eastern North American
species, Ruellia caroliniensis (J. F. Gmel.) Steud. and the

tropical species R. tuberosa L. which is also the type for

the genus (Table 1). These taxa of Ruellia were chosen

for comparison because they are representative of a large

section of the genus closely allied to Aphragmia inundata

(Long, 1975). The principal differences of A. inundata

from the other two taxa are evident in the structure of the

underground parts, the morphology of the stem, the type

of inflorescence, the color and morphology of the corolla,

the size of the capsule, and the number of seeds per fruit.

Aphragmia inundata is quite distinct from the other two
species.

BIOSYSTEMATIC INVESTIGATIONS

The chromosome number of Aphragmia inundata was
determined by the aceto-carmine squash method and was
found to be n = 17 (Fig. 2). This number is identical to

all counts reported for species of Ruellia (Grant, 1955,

Long, 1963). Meiosis was normal with the formation of

seventeen bivalents, normal disjunction, and the formation

of abundant, fertile pollen.

Genetic testing was carried out using greenhouse-grown
plants in controlled experiments. It was not possible to

attempt hybridization with many Ruellia taxa because of

differences in flowering-time, but crosses were attempted

oliniensis

macr
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Figure 2. Meiotic chromosomes of Aphragmia inundata, n
diakinesis, X 2260 approx.

17,

in all cases after repeated attempts and thus far A. inun-

data appears to be genetically isolated from Ruellia taxa

(Long, 1975).

There is remarkably little variation in natural popula-

tions of Aphragmia, with small differences between indi-

viduals. Observations on garden-grown plants showed that

flowers are generally self-pollinated. The unequi-branched

stigma is covered with pollen prior to anthesis. Seed set

is abundant and the seeds are viable.

DISCUSSION

Bremekamp and Nannenga-Bremekamp (1948) revised

the circumscription of Ruellia restricting the genus to five
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tropical and temperate American species based on R. tuber-
osa L. as the type, and including R. intermedia Leonard,
R. nudiflora (Englemann and Gray) Urban, R. lorentziana
Griseb. and R. malacosperma Greenm. Bremekamp has pro-
posed the resurrection of a number of segregate genera that
were not recognized by Bentham and Hooker (1876) in

their concept of the genus. He reestablished Aph
Nees (1836)

agmia
ed on Ruellia inundata H.B.K., a

agmia may include other Americ
although he made no .specific recommendations. Biosys-
tematic

recognition of Aphragmia inundata, separating it from
m

ferences. Although A. inundata has the same chromosome
number as species of Ruellia, it appears to have no close
genetic relationship to R. caroliniensis or other .species with
which hybridization has been attempted. Since many Ruel-
lia taxa can be successfully hybridized (Long, 1966, 1975),
the fact that A. inundata is intersterile with species of
Ruellia tends to support Bremekamp's separation of A.
inundata in a different genus. Elsewhere I have discussed
the necessity of revising the generic concept of Ruellia
(Long, 1973) in the light of biosystematic research. Al-
though Bremekamp is correct in emphasizing the unnatu-
ralness of Ruellia sensu lato, his concept of Ruellia sensu
strictu is too narrow. A number of his segregate genera,
such as Dipteracanthus Nees and Ulleria Bremek. are not
genetically distinct from Ruellia, and do not merit generic
recognition (Long, 1975). The totality of evidence regard-
ing Aphragmia inundata, however, based on both genetic
and morphological comparisons, does support the separation
of this taxon from Ruellia.

taxonomy

Nees in Lindl., Introd. Nat
nomen

emend. Bremekamp and Nannenga-Bremekamp
Nederl. Akad. Wet. 2. 45:10. 1948.
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inundata (H.B.K.) Brem. Verh. Nederl. Akad. Wet

45:10. 1948. (type species)

H.B.K. Nov. Gen. et Sp. II, p. 239,

1817.

Ruellia albicaulis Bertero ex Spreng. Syst. II, p. 822,

1825.

Dipteracanthus haenkei (Nees) Nees in DC, Prodr. XI,

p. 141, 1847.

Millsp. Field Mus. Bull. 1 :46. 1895

;

2:100, 1900, non L.
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NEW PLANT RECORDS FOR THE FLORA
OF LONG ISLAND, THE BAHAMAS

Steven R. Hill

Subsequent to a recent study of the plants of Long Is-

land, The Bahamas, (Hill, 1974) the author traveled again

to the island in June and July, 1974, with the intention of

further collecting. This was time

with

most There

two periods of rain on Long Island, each lasting abou

month, the first being in June and the second in No

vember months

year, according to those residents questioned. Collections

numbers were mo
in sets of three. The collections have been distributed as

follows: one set each to the Fairchild Tropical Garden,

New York Botanical Garden, and the University of Ver-

mont (Pringle) Herbarium. A set of the Malvaceae was

sent to Dr. M
were sent to Dr. Gerrit Davidse at the Missouri

Botanical Garden, and the sedges were referred to Dr. Tet-

suo Koyama at the New York Botanical Garden. Unless

otherwise stated, the determinations were by the author.

The large number of new records reflects the fact that

there have been rather few botanists on the island, despite

its large size (see Hill, 1974 for further details). This

series of collections was made at various

from the southernmost point (named

short distance from the northernmost point at Stella Maris.

General collecting was done, with special attention to plants

not .seen in other sections of the island. The records were

Bahama

and Millspaugh (1920

from the island were

known
In

addition, an apparent new species of Euphorbia was

25
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covered, and will be published separately. Species have
been arranged according to the order of the Bahama Flora.

Several brief notes are included with each new record to

localize the collection site and its habitat. The basic habi-

tats are referred to as the following:: whiteland. redland.

blackland, coastal sand, or waste In all cases, the

substrate is limestone, but the amount of accumulated
humus amount

J«um Cay)

Stella Maris

N

W E

S

Buckleys

"grove Bush

-rvClarence Town

Morr isville

Mortimers

Gordons

»H
LONG ISLAND -BAHAMAS
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moisture which can be retained) varies. As might be

expected, the blacklands have a significant layer of humus

which retains some moisture. The redlands have less hu-

mus, and the whitelands are comparatively humus free.

Sinkholes are common in areas where humus has accumu-

lated, since the humic acid encourages solution of the

limestone. The waste areas include pastures, roadsides,

agricultural lands and other disturbed areas providing suit-

able habitats for escapes or introduced species.

Long Island has one primary road, called the Queen's

length of the island. From
smaller

points in order to reach the coast. These have local names.

The eastern coast of the island is usually referred to as

the 'North Coast' by the residents, and likewise the western

coast is called the 'South Coast'. The western coast is lined

with an extensive barrier beach and is the leeward side of

the island.

The author would like to gratefully acknowledge the help

and encouragement of Dr. Donovan Correll and Dr. William

T. Gillis. He would especially like to thank Father Philip

Bevan, formerly of St. Paul's Church, Clarence Town, for

his assistance during the collecting trip.

Angiosperms

typhaceae: Typha domingensis (Pers.) Kunth. : Hill 2433.

Local in wet sinks along Queen's Highway at Stella Maris.

POTAMOGETONACEAE : Halodule beaudettei (Den Hartog)

Den Hartog: Hill 2418. Colonies at entrance to salina at

the north end of Clarence Town Harbor. Det. : D. Correll.

gramineae : Paspalum blodgettii Chapm. : Hill 2187. Waste

area on Harbor Point, Clarence Town. Det. G. Davidse.

Paspalum laxum Lam. : Hill Health

margin G. Davidse.

Paspalum fimbriatum HBK. : Hill 2214. Roadside near

Offic
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Lasiacis divaricate (L.) Hitchc: Hill 2289. Redlands,

shaded, ca. 1 mile west of the Queen's Highway on the

Galloway Road, South Clarence Town.

Setaria geniculata (Lam.) Beauv. : Hill 2359. Roadside

near Post Office, Clarence Town. Det. : G. Davidse.

Cenchrus echinatus L. : Hill 2360. Roadside near Post

Office, Clarence Town. Det: G. Davidse.

Stenotaphrum secundatum (Walt.) Kuntze: Hill 2191.

Coastal sand near town dock, Clarence Town.

Aristida ternipes Cav. : Hill 2273. Pastureland in red-

lands, 0.5 mile north of Clarence Town. Det. : G. Davidse.

Chloris barbata Sw.: Hill 2149. Edge of pastureland

near the western edge of the town salina, Clarence Town.

Det. : G. Davidse.

Diplachne fascicularis (Lam.) Beauv.: Hill 2339. Form-

ing patches in a fresh water marsh, low area north of St.

Paul's Church, Clarence Town.

Leptochloopsis virgata (Poir.) Yates: Hill 2281. Coastal

sand at Galloway's Landing.

Cwne.rvs limdaris L. : Hill 2371. In sinkholeCYPERACEAE

:

m
the road.

Eleocharis cellulosa Torr. : Hill 2340. Fresh water

marsh
Eleocharis caribaea (Rottb.) Blake: Hill 2315. Fresh

water marsh, low area at Queen's Highway survey marker

#BM 43, 1972, 2 miles south of Clarence Town. Hill 2341.

Fresh water marsh, low area north of St. Paul's Church,

Clarence Town. Both det.: D. Correll.

Fimbristylis castanea (Michx.) Vahl: Hill 2284. Waste

area under coconut trees, Galloway's Landing. Hill 2314.

Moist soil along Queen's Highway at survey marker #BM
43, 1972, 2 miles south of Clarence Town. Both det.: T.

Koyama.
is cymosa R.Br. .ssp. spathacea (Roth.) T.

II 2268. Crevices on rocky limestone barrens,

vicinity of Holy Family Church, Mortimers. Det.: T.

Kovama.

imbnsty
ama: H
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Fimbristylis ovata (Burm.) Kern.: Hill 2304. Rocky

barrens east of the island ridge, 1 mile south of Clarence

Town directly west of the Blue Hole in the Harbor. Det.

:

ma
bustus Pursh : Hill 2280. Large colony at the

west end of the salina lying 1 mile west of St. Paul's

Church, Clarence Town. Det: T. Koyama.

Rynchospora cyperoides (Sw.) Mart.: Hill 2422. Black-

lands among sabal palms, 0.5 mile south of Clarence Town,

east of the road. Det: D. Correll.

palmae: Pseudophoenix sargentii Wendl.: Hill 2398.

miles

of Galloway's Landing.

BROMELIACEAE : Tillandsia balbisiana Schultes: Hill 2305.

Redlands west of the Queen's Highway at survey marker

#BM 43, 1972, 2 mi

mi
Tillandsia circinata Schl. : Hill 2375. Blacklands 0.25

e east of Galloway's Landing.
n
illandsia flexuosa Lindl.: Hill 2306. Redlands west of

Queen's Highway at survey marker #BM 43, 1972, 2

miles south of Clarence Town.

AMARYLLIDACEAE : Agave indigatorum Trel. : Hill 2347. Oc-

casional in whitelands, vicinity of Morrisville School, Mor-

risville. Det. : H. S. Gentry.

Zephyranthes tubispatha (L'Herit) Herbert: Hill 2262.

Escaped and established in vicinity of St. Paul's Church,

Clarence Town.

ORCHIDACEAE: Spiranthes tortilis (Sw.) L. C. Rich: Hill

2317. Sandy soil around marsh, east of Queen's Highway

at survey marker #BM 43, 1972, 2 miles south of Clarence

Town.
Broughtonia lindenii (Lindl.) Dressier: Hill 2426.

Whitelands, rocky, along the trail to the south light, at

Gordons.

Epidendrum altissima Schltr.: Hill 2366. Low epiphyte

in shaded mangrove swamp, Galloway's Landing.
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casuarinaceae : Casimrina equisetifolia Forst. : Hill 2369.

Escaped and well established at Galloway's Landing.

ULMACEAE: Trema ktmarckianum (R. & S.) Blume: Hill

2378. Whitelands just east of Buckley's School, Deadman's

Cay. Hill 2442. Common on coastal ridge at Stella Maris.

moraceae : Ficus aurea Nutt. : Hill 2404. Locally common,
rock barrens near beginning of the Mangrove Bush Road
to the coast.

polygonaceae : Coccoloba krugii Lindau : Hill 2344. White-

lands, vicinity of Morrisville School, Morrisville. Det. : D.

Correll.

AMARANTHACEAE : Amaranthus dubius Mart, ex Thell. : Hill

2208. Waste area near St. Paul's Church, Clarence Town.

nyctaginaceae : Boerhavia coccinea Mill. : Hill 2361. Waste
area near Post Office, Clarence Town.

Guapira obtusata (Jacq.) Little: Hill 2379. Whitelands

0.5 mile east of Buckley's School, Deadman's Cay, on the

road to the coast. Det.: D. Correll.
-

annonaceae : Annona squamosa L. : Hill 2293. Escaped
and established on hillsides in South Clarence Town.

CHRYSOBALANACEAE : Chrysobalanus icaco L. : Hill 2421.

mile

Q
mimosaceae: Pithecolobium mucronatum Britt. : Hill 2234.

Whitelands area near the westernmost town salina, 1 mile

southwest of St. Paul's Church. Det.: D. Correll. This is

not a new record, but it is a significant find, being the

second collection of a species endemic to Clarence Town.
This is a topotype.

Pithecolobium bahamensis Northrop: Hill 2230. White-

southernmost
ence Town.

Calliandra haematomma (Bert.) Benth. : Hill 2389. Very
local in rocky field along road, Lower Deadman's Cay.
Neptunia plena (L.) Benth.: Hill 2286. In dunes, 100

meters east of the surf. Gallowav's Landing.
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CAESALPINIACEAE : Tamarindus indica L. : Hill 2146. Com-

mon escape. Western end of the northern town salina,

Clarence Town.
m L. : Hill

Morrisville

Mor

Caesalpinia reticulata Britton: Hill 2425. Whitelands,

rocky, along the trail to the south light, at Gordons.

FABACEAE: Ateleia gummifera (Bert, ex DC.) Dietr. : Hill

2129. Rocky barrens, across the Queen's Highway from

Holy Family Church, Mortimers. Det. : D. Correll.

Crotaktria retusa L.: Hill 2330. Coastal sands behind

ridge, southern extension of the Turtle Cove Road, ca. 5

mi
incana Hill 2227. Waste area, 0.24 mile

east of St. Paul's Church, Clarence Town.

Piscidia piscipula (L.) Sarg.: Hill 2443. On coastal

Maris Deadman

Cay.

Abrus precatorius L. : Hill 2296. Rocky hillsides near

the plantation ruins, South Clarence Town.

Galactia bahamensis Urb. : Hill 2386. Coastal rock and

sand, end of Buckleys Road, Deadman's Cay.

Rhynchosia minima (L.) DC. : Hill 2204. Coastal white-

lands, near Harbor Point, Clarence Town.

MALPIGHIACEAE : Triopteris jamaicensis L. : Hill 2203.

Whitelands near Harbor Point, Clarence Town.

Byrsonima lucida (Mill.) DC: Hill 2395. Along coastal

ridge, whitelands, 5 miles south of Galloway's Landing

along the Diamond Crystal Salt Road.

Bunchosia glandulosa (Cav.) DC: Hill 2249. Redlands,

west side of the southwest town salina, Clarence Town.

EUPHORBIACEAE : Euphorbia cyathophora Murr. : Hill 2241.

Roadsides, 0.5 mile west of St. Paul's Church, Clarence

Town.
Euphorbia lecheoides Millsp. : Hill 2370. Coastal rock

and sand, Galloway's Landing. This may be a new variety.

Det. : D. Correll.
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rhamnaceae: Ziziphus taylori (Britt.) M. C. Johnston:

Hill 2427. Rocky land on trail to the south light, Gordons.

vitaceae : Cissus intermedia A. Rich. : Hill 2377. On rock

walls and shrubs along the Queen's Highway, Buckleys,

Deadman's Cay.

Malvaceae: Sida ciliaris L. var. involucrata (A. Rich.)

Clem. : Hill 2261. Roadside, south side of the western town
salina, 1 mile southwest of St. Paul's Church, Clarence

Town. Det.: P. Fryxell.

Hibiscus brittonianus Kearney: Hill 2309. Redlands, 1

mile west of the Queen's Highway at survey marker #BM
43, 1972, ca. 2 miles south of Clarence Town. Det.: P.

Fryxell.

Hibiscus tiliaceus L. : Hill 2444. Possibly an escape.

Near Long Island Hardware Ltd. store, Deadman's Cay.

STERCULIaceae : Helicteres semitriloba Bertero: Hill 2310.

Redlands, 1 mile west of the Queen's Highway at survey
marker #BM 43, 1972, ca. 2 miles .south of Clarence Town.

Melochia pyramidata L. : Hill 2180. Waste areas around
St. Paul's Church, Clarence Town.

Waltheria indica L. : Hill 2120. Waste areas 0.5 mile

east of St. Paul's Church, Clarence Town.

CLUSIACEAE : Clusia rosea Jacq. : Hill 2403. Rocky barrens

near beginning of the Mangrove Bush Road to the coast.

FLACOURTIACEAE : Banara reticulata Griseb. : Hill 2229.

Whitelands at the north side of the southernmost town

salina at Clarence Town. Det. : D. Correll.

PASSIFLORACEAE : Passiflora cupraea L. : Hill 2368. Coastal

rock and sand behind ridge, Galloway's Landing.

CACTACEAE: Harrisia brookii Britton: Hill 2291. Rocky
hills in South Clarence Town; fruiting specimens. This,

again, is not a new record, but represents the second col-

lection of a species endemic to the vicinity of Clarence

Town. This is a topotype.
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combretaceae : Laguncularia racemosa (L.) Gaertn. : Hill

2285. Mangrove area, 100 meters east of Galloway's Land-

ing.

ebenaceae: Diospyros caribaea (A.DC.) Standley: Hill

2384. Coastal ridge facing the ocean, end of Buckleys

Road, Deadman's Cay.

loganiaceae: Spigelia anthelmia L. : Hill 2388. Old field

in redlands, Lower Deadman's Cay.

GENTIANACEAE : Sabatia stellaris Pursh: Hill 2396. Sandy

roadside along coastal ridge, 5 miles south of Galloway's

Landing on the Diamond Crystal Salt Road. Det. : D.

Correll.

asclepiadaceae : Cynanchum northropiae (Schltr.) Alain:

Hill 2406. Whitelands near Kentucky Springs Club, vicin-

ity of Turtle Cove Road ca. 5 miles north of Clarence

Town.

boraginaceae : Heliotropium nanum Northrop: Hill 2355.

Vicinity of Morrisville School in whitelands, Morrisville.

Hill 2380. Coastal slopes in sand, end of Buckleys Road,

Deadman's Cay. Hill 2430. Sandy area above salina mar-

gin, near beginning of trail to south light, Gordons. Det.

:

D. Correll.

Tournefortia poliochros Spreng. : Hill 2154. Scrubland

at upper margin of the northern salina between Harbour

Store and the Post Office, Clarence Town.

verbenaceae: Bouchea prismatica (L.) Kuntze: Hill 2213.

Waste area near St. Paul's Church, Clarence Town. Det.:

H. N. Moldenke.

Priva lappulacea (L.) Pers. : Hill 2150. Upper edges of

the north salina at pasture edge. Clarence Town.

Phyla nodiflora (L.) Greene: Hill 2137. Moist sand near

well by public beach, across from Health Clinic, Clarence

Town.

labiatae: Leonotis nepetaefolia (L.) R. Br.: Hill 2209.

Waste places near St. Paul's Church, Clarence Town.
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solanaceae: Physalis angulata L. : Hill 2210. Waste area

near St. Paul's Church, Clarence Town.

bignoniaceae : Jacaranda cao-ulea (L.) Griseb. : Hill 2405.

Rock crevices at beginning of Mangrove Bush Road.

'flora Sw. : Hill 2399. In coastal

mi
Morinda citrifolia L. : Hill 2335. Roadside, 2.5 miles

north of Clarence Town.

asteraceae: Iva imbricata Walt.: Hill 2431. Coastal

dunes, western beach, Gordons Landing. Det. : B. L. Turner.

Vernonia cinerea (L.) Less: Hill 2350. In cornfields,

vicinity of Morrisville School, Morrisville. Det.: B. L.

Turner.

Eupatorium lucayanum Britt. : Hill 2329. Rocky coastal

bluff, Turtle Cove, near abandoned guesthouse, 5 miles

north of Clarence Town. Det.: B. L. Turner.

Conyza canadensis L. var. pusilla (Nutt.) Cronquist:

Hill 2179. Roadside near St. Paul's Rectory, Clarence

Town.
Melanthera nivea (L.) Small: Hill 2148. Upper edge

of northern salina, edge of pasture, Clarence Town. Det.

:

D. Correll.

THdax procumbens L. : Hill 2115. Roadside, 0.5 mile

east of St. Paul's Church, Clarence Town. Det. : D. Correll.

Flaveria trinervia (Spreng.) C. Mohr. : Hill 2351. Moist
sinkhole, vicinity of the Morrisville School, Morrisville.

Det. : B. L. Turner.

Emilia javanica (Burm.) C. B. Robins.: Hill 2352. Moist
sinkhole, vicinity of Morrisville School, Morrisville. Det.:

B. L. Turner.

Gymnosperms

cycadaceae: Zamia lucayana Britton. This species is in-

cluded in order to give further information on its range.

The previous paper on the Flora of Long Island (Hill,

1974) noted its rediscovery at Turtle Cove. This author
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attempted interesting

plant, and did so in three sites. Hill 2334 was from Turtle

Cove (5 miles north of Clarence Town). Hill 2381 was

from Road, Deadman
Cay. Hill 2409 was from the dunes at the end of the Man-
grove Bush Road. These collections along with reports

from
ly from a point just north of Clarence Town,

north side of Deadman's Cay, about 15 miles

to the north.

Ferns

polypodiaceae : Adiantum tenerum Sw. : Hill 2288. Sink-

hole, along Galloway Road 1.5 miles west of the Queen's

Highway.
Thelypteris reptans (Gmel.) Morton: Hill 2353. Sink-

hole, vicinity of Morrisville School, Morrisville.

Nephrolepis exaltata (L.) Schott: Hill 2373. Sinkhole,

0.25 mile east of Galloway's Landing.

SCHIZEACEAE: Anemia adiantifolia (L.) Sw. : Hill 2316.

Walls of depression, east side of road near survey marker

#BM 43, 1972. 2 miles south of Clarence Town. Seen also

at Deadman's Cay.

Algae

CHLOROPHYCOPHYTA: Udotea cyathiformis Decaisne: Hill

2327. Clarence Town Harbor
Penicillus capitatus Lamarck: Hill 2326. Clarence Town

Harbor.

Rhipocephalus phoenix (Ell. & Soland.) Kiitz. : Hill 2325.

Clarence Town Harbor.

Udotea flabellum (Ell. & Soland.) M. A. Howe: Hill 2324.

Clarence Town Harbor.

Caulerpa cupressoides (West.) Ag. : Hill 2323. Clarence

Town Harbor.

Avrainvillea nigricans Decaisne: Hill 2322. Clarence

Town Harbor.
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Acetabularia crenulata Lamour. : Hill 2414. Clarence

Town Harbor.

Halimeda opuntia (L.) Lamour.: Hill 2415. Clarence

Town Harbor.

Cymopolia barbata (L.) Lamour.: Hill 2419. Clarence

Town Harbor.

phaeophycophyta : Turbinaria turbinata (L. ) Kuntze

:

Hill 2321. Clarence Town Harbor.

Fungi

eumycophyta : Cladobotryum verticillatum (Link ex S. F.

Gray) S. J. Hughes: Hill 2319b. Parasite on Russula.

Whitelands in humus pocket, 1 mile south of Clarence

Town. Det. : C. Rogerson.

Sapedonium chrysospermum (Bulliard) Link ex Fries:

Hill 2319a. Parasite on a bolete. Whitelands in humus
pocket, 1 mile south of Clarence Town. Det. : C. Rogerson.

Scleroderma stellatum Berk. :Hill 2319d. In coastal sand

near high tide mark. Galloway's Landing. Det. : C. Roger-

son.

LITERATURE CITED

Britton, N. L., & C. F. MlLLSPAUGH. 1920. Bahama Flora. Hafner
Publishing Co., Inc. New York.

Correll, D. S. 1974. Flora of the Bahama Islands — new addi-

tions. Fairchild Trop. Gard. Bull. 29: 11-15.

Gillis, W. T. 1974. Name changes for the seed plants in the Ba-

hama flora. Rhodora 76: 67-138.

, R. A. Howard & G. R. Proctor. 1973. Additions to the

Bahama flora since Britton and Millspaugh — I. Rhodora 75:

411-25.

Hill, S. R. 1974. Range extensions and new records for the Ba-

hama flora. Rhodora 76: 471-477.

Taylor, N. 1921. Endemism in the Bahama flora. Ann. Bot. 35:

523-532.

DEPT. OF BIOLOGY

TEXAS A&M UNIVERSITY

COLLEGE STATION, TEXAS 77840



MISCELLANEOUS CHROMOSOME COUNTS
OF WESTERN AMERICAN PLANTS— III

James L. Reveal and Richard Spellenberg

omosome
American

the Intermountain Flora Project and the Southwest Flora

Project. These reports will be presented from time to time

by Reveal and various others of his colleagues or students.

The present paper covers miscellaneous plants gathered by

Reveal, primarily as a part of his monographic studies of

Eriogonum, and by Spellenberg through his efforts on the

Southwest Flora. Spellenberg presents some additional

counts from the Pacific Northwest, California and Mexico.

Most of the counts reported herein are from collections

made during field work for our monographic or floristic

studies, and many are from rather remote areas which

sampled. Many
ported

are first reports for a species, valuable in one respect by

adding a bit of data to our understanding of the plant

kingdom and in another by helping to strengthen or ques-

tion relationships among species proposed through other

types of studies. Equally important, our counts should

confirm most others scattered in the literature, at the same

time filling in gaps in the known cytogeography of a spe-

cies. Those that contradict earlier counts indicate possible

areas for further cytotaxonomic study, uncovering prob-

lems which might otherwise remain hidden, or suggest

outright errors.

Reveal's methods for preparing his counts have been

summarized in the first two parts of this series (Reveal

& Styer, 1973a, 1973b). For Spellenberg, flower buds were

from
m oform

nol: 1 glacial acetic acid) and stored in the refrigerator.

Anthers were stained and squashed according to the hy-

37
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drochloric acid-carmine method (Snow, 1963). Mitotic

counts were made from root tips of seed collected in the

field and germinated on moist filter paper. They were fixed

and stained by the above method except that root tips of

Carlowrightia were first treated with an aqueous solution

of paradichlorobenzene and those of Abutilon, Menodora
and Oxytropis were chilled for several hours; both treat-

ments serve to contract the chromosomes.

Chromosome numbers of 47 species and varieties are

reported here. We have reviewed the standard indices for

chromosome numbers and according to these sources and
our knowledge of the more recently published reports, 31

LEGEND FOR FIGURES

Fig. 1 : Carlowrightia linearifolia, 2n = 36— mitotic

metaphase in root tip. Fig. 2 : Amaranthus palmeri, n =
17— metaphase I. Fig. 3 : Oplopanax horridum, n = 24

anaphase I. Fig. 4 : Baileya multiradiata, n = 16—
diakinesis. Fig. 5 : Gutierrezia glutinosa, n = 4 diakinesis.

Fig. 6 : Hulsea vestita, n = 19— 1/2 °f anaphase II con-

figuration. Fig. 7: Pedis angustifolia var. angustifolia,

n = 12 + 1— diakinesis, arrow indicates a fragment or

extra chromosome. Fig. 8: Pedis papposa var. grandis,

n = 12— diakinesis. Figs. 9, 10 : Pseudoclappia arenaria,

»=18 or 19— metaphase I. Fig. 11: Pediocadus simp-
sonii var. robustior, n = 11 — metaphase I. Fig. 12: Lu-
pinus concinnus var. concinnus, n = 24— metaphase I.

Fig. 13 : Lupinus sierra-blancae, n = 24—diakinesis.

Fig. 14 : Melilotus albus, n = 8— metaphase II. Figs. 15,

16: Oxytropis lambertii var. bigelovii, 2n=32, n = 16—
mitotic metaphase from root tip and diakinesis respectively.

Fig. 17 : Sphaerophysa salsukt, n = 8— metaphase I.

Fig. 18: Trifolium macrocephalum, n = 1 IV + 14n— meta-
phase I (arrow indicates IV). Fig. 19: Ribes bradeosum,
w = 8— diakinesis. Fig. 20: Phacelia coerttlea, n = 11

diakinesis.
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of the 47 counts reported here represent the first counts

reported for the taxon, with those for Carlowrightia,

Nemacladus and Sphaerophysa the first for these genera.

All counts are documented by herbarium specimens. All

but one of the vouchers for Reveal's counts are deposited

at US, while those of Spellenberg are at NMC unless other-

wise indicated by the usual herbarium abbreviation (Lan-

jouw & Stafleu, 1964). In the list, species for which we
believe chromosome numbers are reported for the first

time are preceded by an asterisk. Unless otherwise noted,

all other counts confirm those reported by others. We are

indebted to Norman Weatherly, an undergraduate student,

for making his counts available for our use.

ACANTHACEAE
*Carlowrightia linearifolia (Torr.) A. Gray. 2n = 36.

Fig. 1. This is believed to be the first count published for

Carlowrightia. Many genera of Acanthaceae have a series

of chromosome numbers without a common divisor. The
number n = 18 appears several times in the family, but in

light of the situation in other genera, it is not necessarily

to be expected that all other species of Carlowrightia will

have this number or be even polyploids of it. The voucher

is R. & M. Spellenberg 1945, Dona Ana Mountains about

15 miles north of Las Cruces on a bajada south of Summer-
ford Mountain, Dona Ana Co., New Mexico, 14 September

1968.

AMARANTHACEAE
Amaranthus palmeri S. Wats, n = 17. Fig. 2. This count

confirms those of Grant (1958). The voucher is Spellen-

berg 2881, weed at University Ave. and Chaparral St.,

Las Cruces, Dona Ana Co., New Mexico, 30 June 1972.

ARALIACEAE

Oplopanax horridum (J. E. Smith) Miq. n = 24. Fig. 3.

This count agrees with Taylor and Brockman (1966). The
voucher is R. & M. Spellenberg 1672, Boulder Creek, about

2 miles east of Hazel, Snohomish Co., Washington, 20 May
1967.



1976] Chromosome Counts— Reveal & Spellenberg 41

ASTERACEAE

Baileya multiradiata Harv. & Gray, n — 16. Fig. 4. This

report confirms those made by other investigators (see

Bolkhovskikh, et al., 1969). The count, made by N. Weath-

erly, has as its voucher Weatherly s.n., 2.5 miles north of

Las Cruces, Dona Ana Co., New Mexico, 7 July 1973.

Gutierrezia glutinosa (Schauer) Sch.-Bip. n = 4. Fig. 5.

This report confirms those made by other investigators

(see Bolkhovskikh, et al., 1969). The voucher is Spellen-

berg 2911, 9 miles north of U.S. Highway 70-82 on the road

to Jornada del Muerto, about 12 miles north of Las Cruces,

Dona Ana Co., New Mexico, 6 September 1972.

Hulsea vestita A. Gray, n = 19. Fig. 6. This count

made (1961).

sim

The voucher is R. & M. Spellenberg 2878, on pumice flats

13.5 miles east of U.S. Highway 395 along California High-

way 120, near the Crooked Meadows Road, Mono Co.,

California, 26 June 1972.

Pedis angustifolia Torr. var. angustifolia. n = 12 + 1.

Fig. 7. Turner and Flyr (1966) report thi

as n = 12, but as this collection grew sympatric with P.

papposa A. Gray var. grandis Keil, the irregular chromo-

some complement may be a reflection of possible occasional

hybridization. The voucher is Spellenberg 2916, about 15

miles north of Las Cruces on bajada east of Summerford

Mountain in the Dona Ana Mountains, Dona Ana Co., New
Mexico, 22 September 1972.

papposa n = 12. Fig. 8.

rms

(see Bolkhovskikh, et al., 1969). We are not certain if

any of those counts is based on a representative of this

newly proposed variety. The voucher is from the same

area as above, only R. & M. Spellenberg 2149, 14 Septem-

ber 1969.

Pseudoclappia arenaria Rydb. n = 18 or 19. Figs. 9, 10.

This count is in accordance with a report of n = 18 ± 1

made by Powell and Turner (1963) from a population from

Reeves Co., Texas, approximately 150 miles to the southeast
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of this locality. In the smears observed in our count, 19

figures were most commonly seen at metaphase 1, with 18

figures being slightly less common. In those with 19 figures

however, no one figure could be certainly identified as a

univalent. At other stages chromosomes tended to clump
and accurate counts could not be made. An occasional ana-

phase I bridge was evident.

CACTACEAE

*Pediocactus simpsonii (Engelm.) Britt. & Rose var.

robustior (Coult.) Marshall. 71=11. Fig. 11. The voucher

is R. & M. Spellenberg 1646, 13 miles west of Vantage
along U.S. Highway 10, Kittitas Co., Washington, 22 April

1967.

FABACEAE
*Lapinus concinnus Agardh. var. concinnus. n = 24.

Fig. 12. The voucher is R. & M. Spellenberg 2977, Dona
Ana Mountains, about 15 miles north of Las Cruces on a

bajada west of Summerford Mountain, Dona Ana Co., New
Mexico, 1 April 1973.

*Lapinus sierra-blancae Woot. & Standi, n = 24. Fig.

13. The voucher is R. & M. Spellenberg 3345, 1 mile below

ski area on Sierra Blanca, Lincoln Co., New Mexico, 8 July

1973.

Melilotus albus Lam. n = 8. Fig. 14. This count agrees

with numerous others reported in the literature (see Bol-

khovskikh, et al., 1969). The count, made by N. Weatherly,

has as its voucher Weatherly s.n., near Dona Ana, Dona
Ana Co., New Mexico, 7 July 1973.

*Oxytropis lambertii Pursh var. bigelovii A. Gray. 2n =
32. Fig. 15. The only other known count for this species is

2n = 48 from a population of var. lambertii gathered in

Saskatchewan (Ledinorham M
Spellenberg 1998, Cox Canyon, 20 miles southeast of

Apache Creek, Catron Co., New Mexico, 15 October 1968.

n = 16. Fig. 16. This voucher is R. & M. Spellenberg

2094, roadside at Alpine, Apache Co., Arizona, 14 August
1969.



1976] Chromosome Counts— Reveal & Spellenberg 43

*Sphaerophysa salsula (Pall.) DC. n — 8. Fig. 17.

This report is believed to be the first for the genus. The

species, introduced into the United States from central

Asia nearly 50 years ago, commonly goes under the name

of Swainsonia salsula (Pall.) Taub. in Engler & Prantl

in floristic treatments for the western United States.

Barneby (1964) recognized it as Sphaerophysa, where it

is the typical species in the genus. Swainsonia in the

strict sense is Australian; all counts reported for Swain-

sonia are n = 16 and are based on Australian and New
Zealand plants (see references in Bolkhovskikh, et al.,

1969). The count, made by N. Weatherly is based on

miles

Mexico

Tephrosia cana Brandeg. n = 11. Not figured. This

count agrees with that made by Wood (1949). The voucher

is Spellenberg et al. 3338, 2 miles east of Cabo San Lucas,

Baia California Sur, Mexico, 5 June 1973.

Trifolium macrocephalum (Pursh) Poir. n = 16 (liv +

14„). Fig. 18.

were normal w
meiosis in most cells

16 in opposite halves

of anaphase I. About 10% of the anaphase I figures, how-

ever, showed a bridge, indicating the probable presence of

an inversion in addition to the translocation indicated by

meiosis I. Pollen from

men has 88% (counts based on 200

grains) in aniline-blue in lactophenol, indicating highly

directed meiosis (Snow & Dunford, 1961). This count

from a single plant gives, of course, no indication of the

frequency of the translocation heterozygotes in the popu-

lation, and hence the possible adaptive advantage of these

heterozygotes. Snow and Dunford (1961) point out, how-

ever, organisms with limited

y must mai

term unfa\

advantage that might be enjoyed by the heterozygotes

could be rather large. Gillett and Mosquin (1967) also

report n = 16, ca. 16 and ca. 84 for three separate popula-
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LEGEND FOR FIGURES

Fig-. 21 : Nemacladus capillaris, n = 9— anaphase I.

Fig. 22: Abutilon malacum, 2n=14— mitotic metaphase
from root tip. Fig. 23 : Menodora scabra, 2n = 22— mi-

totic late prophase in root tip. Fig. 24 : Panicum sphaero-
carpon, n = 9— diakinesis. Fig. 25 : Eriogonum apicula-

tum, n = 20— metaphase I. Figs. 26, 27 : Eriogonum
batemanii, n = 20— metaphase I and anaphase I respec-

tively. Figs. 28, 29: Eriogonum corymbosum var. corym-
bosum, n = 20— metaphase I and anaphase I respectively.

Fig. 30 : Eriogonum corymbosum var. glutinosum, n = 20
diakinesis. Fig. 31 : Eriogonum davidsonii, n = 20—

metaphase I. Fig. 32 : Eriogonum gypsophilum, n = 20
diakinesis. Figs. 33, 34 : Eriogonum havardii, n = 20—
diakinesis and metaphase I respectively. Fig. 35: Eriogo-
num jamesii var. undulatum, n = 40— diakinesis. Fig.

36 : Eriogonum kearneyi, n = 40— diakinesis. Fig. 37

:

Eriogonum lancifolium, n = 20— metaphase I. Figs. 38,

39, 40 : Eriogonum leptocladon var. pap iliunculi, n = 20
diakinesis (38 and 39) and telophase I respectively.

Figs. 41, 42 : Eriogonum leptophyllum, n = 20— diakinesis

and metaphase I respectively. Fig. 43: Eriogonum loncho-

phyllum, n = 20— metaphase I. Figs. 44, 45 : Eriogonum
molestum, n = 20— diakinesis and anaphase I respectively.

Fig. 46 : Eriogonum mortonianum, n = 20— metaphase I.

Fig. 47 : Eriogonum nudum var. pauciftorum, n = 20—
telophase I. Fig. 48: EHogonum pelinophilum, n = 20—
diakinesis. Figs. 49, 50 : Eriogonum racemosum, n = 18

anaphase I and telophase II respectively. Fig. 51: Eri-
ogonum rupinum, n = 20— metaphase I. Fig. 52 : Eri-
ogonum smithii, n = 20— late anaphase I. Fig. 53 : Del-
phinium amabile, n = 8— anaphase II. Fig. 54 : Lutkea
pectinata, n = 9— diakinesis. Fig. 55 : Castilleja peirsonii,

n = 12— metaphase I.
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tions of T. macrocephalnm located considerably to the east

and south of the population counted and reported here.

The presence of high polyploid on the one hand, and the

observations of translocations on the other, indicate that a

thorough cytogenetic study of this species throughout its

range may be rewarding. The voucher for this count is

Spellenberg 1667, 3 miles east of Virden along Washington
Highway 131, Kittitas Co., Washington, 13 May 1967. (NY).

GROSSULARIACEAE

Ribes bracteosum Dougl. ex Hook, n = 8. Fig. 19. This

count agrees with that reported by Zielinski (1953). The
voucher is R. & M. Spellenberg 1675, 3 miles north of

Barlow Pass on Mountain Loop Road, Snohomish Co.,

Washington, 20 May 1967 (wtu).

HYDROPHYLLACEAE
Phacelia coendea Greene, n = 11, Fig. 20. The count

agrees with others reported in the literature (see Bol-

khovskikh, et al., 1969). The voucher is R. & M. Spellen-

berg 2978, Dona Ana Mountains, about 15 miles north of

Las Cruces, on bajada west of Summerford Mountain,
Dona Ana Co., New Mexico, 1 April 1973.

LOBELIACEAE

*Nemacladus capillaris Greene, n = 9. Fig. 21. Chro-

mosome numbers with a base of 9 are not particularly

frequent in the Campanulaceae or Lobeliaceae, and if

consistent within Nemacladus would further underscore

the distinctness of this genus. The vouchers for this new
generic count are Spellenberg & Jackson 2835, 5.9 miles

west of Barlett Springs, Lake Co., California, 26 May
1972, which is figured, and Spellenberg & Jackson 2838,

not figured.

May

MALVACEAE
*Abutilon malacum S. Wats. 2n = 14. Fig. 22. This

count is in accordance with the diploid number reported

for other species of the genus and apparently is the basic
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number M
Ana Mountains, about 15 miles north of Las Cruces, on

the south slope of Summerford Mountain, Dona Ana Co.,

New Mexico, 14 September 1968.

OLEACEAE
Menodora scabra A. Gray. 2n = 22. Fig. 23. Lewis et

al. (1962) also report 2n = 22 for this species from a

collection made
ever, Taylor (1945) reports

How
same

from a collection made at the Soil Conservation Service

Nursery, Tucson, Arizona. This may be another instance

of different polyploid races occupying the Sonoran and

Chihuahuan deserts. The voucher is R. & M. Spellenberg

1948, Dona Ana Mountains, about 15 miles north of Las

Crnres. on the south side of Summerford Mountain, Dona

Ana Co., New Mexico, 14 September 1968.

POACEAE
Panicum sphaerocarpon Ell. n = 9. Fig. 24. This count

agrees with others (see Bolkhovskikh, et al., 1969). The

voucher is Spellenberg 2752, 60 miles south of Tuxtepec

and 39 miles north of Ixtlan de Juarez along Oaxaca High-

way 175, Oaxaca, Mexico, 13 January 1972.

POLYGONACEAE
*Eriogonum apiculatum S. Wats, n = 20. Fig. 25. The

voucher is Reveal & Reveal 2861, San Jacinto Mountains,

4.4 miles north-northwest of Idyllwild along California

Highway 243, Riverside Co., California, 9 August 1972.

*Eriogonum batemanii M. E. Jones, n = 20. Figs. 26,

27. The voucher is Reveal & Reveal 2781, San Rafael

Swells, along Interstate Highway 70 about 29

of Green River, Emery Co., Utah, 16 July 1972.

*Eriogonum corymbosum Benth. in DC. var. corymbo-

sum. n = 20. Figs. 28, 29. The voucher is Reveal &
Reveal 2875, 6.5 miles west of Mt. Carmel Junction, along

Utah Highway 15, Kane Co., Utah, 12 August 1972.

*Eriogonum corymbosum Benth. in DC. var. glutinosum

(M. E. Jones) M. E. Jones, n = 20. Fig. 30. The voucher

miles
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is Reveal & Reveal 2887, 12 miles northeast of Henrieville,

along Utah Highway 12, Garfield Co., Utah, 13 August
1972.

*Eriogonum davidsonii Greene, n = 20. Fig. 31. The
voucher is Reveal & Reveal 2862, San Jacinto Mountains,

near Alandale Ranger Station, Riverside Co., California,

9 August 1972.

*Eriogonum gypsophilum Woot. & Standi, n = 20. Fig.

32. This is one of the rarest snerias of En'm onum
only from a small number of collections. It seems to be
related to the E. brevicaule Nutt. complex which occurs

far to the north. As the name implies, it is restricted to

the gypsophyllous hills which occur in the type area, but

repeated searches of similar sites elsewhere have failed

to reveal this plant. The voucher is Reveal 2949, at mile-

post 49.6 along U.S. Highway 285, about 16 miles north
of Carlsbad, Eddy Co., New Mexico, 8 September 1972.

*Eriogonum havardii S. Wats. Figs. 33, 34. The voucher
is Reveal 2951, gathered in the same place as E. gypso-
philum noted above.

Eriogonum jamesii Benth. in DC. var. undulatum
(Benth. in DC.) Stokes ex Jones, n = 40. Fig. 35. This
variety was previously reported by Reveal (1968) as n

from
of Texas. from specimens

some cytogenet
not seem to be reinforced by morphological divergence.

unusual for Eriogonum (see, for example Stebbins,

1942). Hess
toward Ignacio Zaragoza, about 16.5 miles southwest of

Buenaventura, Chihuahua, Mexico, 10 September 1972.

*Eriogonum kearneyi Tidestr. n = 40. Fig. 36. The
voucher is Reveal 2894, 3 miles east of Pioche along
Nevada Highway 85, Lincoln Co., Nevada, 15 August 1972.

*Eriogonum lancifolium Reveal & Brotherson. n = 20.

Fig. 37. The voucher is Reveal 2923, 5.5 miles east of

Wellington, Carbon Co., Utah, 18 August 1972.
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*Eriogonum leptocladon Torr. & Gray var. papiliunculi

Reveal, n = 20. Figs. 38, 39, 40. The vouchers for this

count are Reveal & Reveal 2885, 10.4 miles east of Esca-

lante along Utah Highway 12, Garfield Co., Utah, 13 Au-

gust 1972 (fig. 38) ; Reveal 2906, 2.3 miles south of Page,

Coconino Co., Arizona, 17 August 1972 (fig. 39) ; and,

from 15 mil (fig. 40).

*Eriogonum leptophyllum (Torr. & Gray) Woot. &
Standi, n = 20. Figs. 41, 42. The voucher is Reveal &
Reveal 2776, about 3.5 miles west of Ghost Ranch Museum
along U.S. Highway 84, Rio Arriba Co., New Mexico, 15

July 1972.

• *Eriogonum lo7ichophyllum Torr. & Gray, n = 20. Fig.

43. The voucher is Reveal 2547, east of Durango at Squaw

Creek near Fossett Gulch Road turnoff along U.S. High-

way
Wiogonum molestum S. Wats, n = 20. Figs. 44, 45.

When the California species of Eriogonum were reviewed

(Reveal & Munz, 1968), E. molestum S. Wats, was placed

in synonymy with E. nudum Dougl. ex Benth. var. pauci-

florum S. Wats. This was an error which cannot be placed

on the shoulders of Munz, for he thought at the time it was

wrong. After studying the species in the field, and once

again reviewing the type, Reveal wishes to recognize that

E. molestum is clearly a distinct species, not at all related

to E. nudum but more closely allied with E. davidsonii

Greene. This latter species has often been confused with

molestum,

v are most

In the field,

Jacinto Mountains. The voucher for this count is Reveal

& Reveal 2866, 6.5 miles northwest of Alandale Ranger

Station along California Highway 243, San Jacinto Moun-

tains, Riverside Co., California, 9 August 1972.

*Eriogonum mortonianum Reveal, n = 20. Fig. 46. This

recently proposed species has a chromosome number that

is common throughout the sect. Conjmbosa. Its voucher is

Reveal 2904, 4.5 miles southwest of Fredonia, Mohave Co.,

Arizona, 16 August 1972.



50 Rhodora [Vol. 78

*

*Eriogonum nudum Dougl. ex Benth. var. pauciflorum

S. Wats, n = 20. Fig. 47. The voucher is Reveal & Reveal

2870, 4.3 miles north-northwest of Idyllwild, San Jacinto

Mountains, Riverside Co., California, 10 August 1972.

Eriogomim pelinophilum Reveal, n = 20. Fig. 48. The
voucher for this count is the type of this newly proposed

species, Reveal & Reveal 2780, 8.6 miles west of Hotchkiss,

about 11.5 miles east of Delta, Delta Co., Colorado, 16 July

1972.

Eriogonum racemosum Nutt. n = 18. Figs. 49, 50.

This is a most unusual number for the perennial species

of Eriogonum as most are n = 20 or 40. To date, only one
other member of the sect. Racemosa has been counted, and
that species, E. rupinum has a chromosome number of

n = 20 as reported below. It is suggested that E. racemo-
sum will be a unique member of this species complex in

this aspect, but until E. zionis J. T. Howell can be reported

upon, the overall picture must remain .somewhat vague.

The voucher is Reveal & Reveal 2888, Cabin Hollow area

just north of Red Canyon, Garfield Co., Utah, 13 August
1972. An identical count was obtained several years ago
(but questioned at the time) from a collection made by
Holmgren et al. 2202, Scofield Canyon, Grant Range, Nye
Co., Nevada, 18 July 1965. It is not figured.

*Eriogonum rupinum Reveal, n = 20. Fig. 51. The
voucher is Reveal 2798, 8.2 miles north of California High-
way 168 on road to Ancient Bristlecone Pine Forest, White
Mountains, Inyo Co., California, 24 July 1972.

*Eriogonum smithii Reveal, n = 20. Fig. 52. The
voucher is Reveal 2921, near Big Flat Top, San Rafael

Desert, Emery Co., Utah, 18 August 1972.

PRIMULACEAE
*Primula capillaris Holmgren & Holmgren, n = 22.

Not figured. The voucher for the count from the newly
named species is the type, Holmgren & Reveal 2154,

Thomas Creek Canyon, Ruby Mountains, Elko Co., Nevada,
15 July 1965 (utc).
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RANUNCULACEAE
*Delphinium amabile Tidestr. n = 8. Fig. 53. The

voucher is R. & M. Spellenberg 2795, below Baboquivari

Peak on the lower western slopes of the Baboquivari Moun-

tains. Pima Co.. Arizona. 16 March 1972.

ROSACEAE

Lutkea pectinata (Pursh) Kuntze. n = 9. Fig. 54. This

count agrees with the count obtained by Packer (1964).

The voucher is R. & M. Spellenberg 1773 west of Mt.

Rainier between Klapatchee Park and San Andrews Park,

Mt. Rainier National Park, Washington, 22 June 1967 (NY).

SCROPHULARIACEAE

*Castilleja peirsonii Eastiv. n=12. Fig. 55. The voucher

Moon
of French Canyon, Sierra Nevada, Fresno Co., California,

21 July 1972.
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SOME SETOSE SAPROBIC PYRENOMYCETES
ON OLD BASIDIOMYCETES

Margaret E. Barr

Effete basidiocarps of species of thelephores and poly-

pores serve as substrate for a number of ascomycetaceous

fungi. Among these are several which have brown, three-

septate ascospores, 10-17 X 3-6 /mi in size, borne in dark,

setose ascocarps. Recent investigations show that at least

three species of Ascomycetes are involved. One species

has unitunicate asci in erumpent-superficial, setose perithe-

cia, and symmetric, elliptic ascospores the end cells of

which are pallid in contrast to the dark mid cells. This

species fits the concept of Litschaueria corticiorum (v.

Hohnel) Petrak.

Litschaueiia corticiorum (v. Hohnel) Petrak, Ann. Mycol.

21 : 275. 1923. Figs. 1-4.

Helminthosphaeria corticiorum v. Hohnel, Sitzungsber.

Kaiserl. Akad. Wiss. Math.-Naturwiss. Abt. 1, 116:

109. 1907.

immersed at first, becoming erum

superficial, globose ovoid, 180-330 Mm diameter, 220-440

fim high, scattered or gregarious, collapsing cupulate or

pinched in at sides on drying, apex short conic, pore

periphysate; wall light brown in lower part, darkened

toward apex, composed of several layers of compressed

cells, 15-22 jam wide, bearing scattered setae over the

surface, setae light to dark brown, 1-celled or septate,

40-130 fim long, 4-6 /xm wide near base and tapered to

pointed apex. Asci 70-110 X 6-7.5 jum, cylindric, short

stipitate, unitunicate, apex rounded-truncate, apical an-

nulus shallow, refractive, nonchitinoid, nonamyloid, asci

8-spored or less; paraphyses numerous, narrow, ca. 1 jam

wide, branched and anastomosed above asci. Ascospores

10-17 X 4-6 fim, elliptic or elliptic-fusoid, symmetric,

straight or inequilateral or slightly curved, (0-, 1-, 2-)

3-septate, not constricted at septa, mid cells brown, end

53
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8

Figs. 1-4. Litschaueria corticiorum: 1. Perithecia in surface view
and in section; 2. Ascus; 3. Ascospores from type collection; 4. Asco-
spores from North American specimens. Figs. 5-7. Herpotrichiella
porothelia: 5. Ascocarps in surface view and in section; 6. Ascus;
7. Ascospores. Figs. 8-10. Herpotrichiella spinifem: 8. Ascocarps
in surface view and in section; 9. Ascus; 10. Ascospores.

Standard line

figures.

75.«m for figures 1, 5, 8; 7.5 /*m for remaining
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cells hyaline or light brownish, with one, rarely two,

smooth

j«. Stereum

North America

Material examined : EUROPE : Peniophora cremea, "Lan-

genschonbickler Donauauen bei Tulln, Niederosterreich",

June 1905, v. Hohnel (FH, type of Helminthosphaeria corti-

ciorum). NORTH AMERICA: Maine: Polyporus versicolor,

Flagstaff Lake Road, Franklin Co., 7 Sept 1971, Barr

5903b (mass) ; New York: Polyporus pargamenus, woods,

NE Cranberry Creek, west side Sacandaga Reservoir, Ful-

ton Co., 1 Oct 1970, Rogerson et al. 70-195 (ny) ;
Illinois:

Stereum ostrea, Funk Grove, Univ. of Illinois Timber

Woods, McLean Co., 13 Aug 1965, Rogerson (NY) ; Dela-

ware: Corticium sp., Wilmington, 15 Nov 1894, Commons
2667 Stereum

• Wallow

Co., 29 July 1961, Petersen & Rogerson (NY) ; Stereum

sp., along Scotsman Creek, branch of Chattooga River,

Bull Pen Road, Macon Co., 3 Aug 1961, Petersen & Roger-

son {Rogerson 61-39) (ny) ; Stereum sp., along Corbin

Creek, Branch of Whitewater River, Transylvania Co.,

9 Aug 1961, Petersen & Rogerson (ny) ; Stereum sp., Lake

Johnson Park, Wake Co., 12 Nov 1972, Menge 622 (MASS) ;

South Carolina: Stereum sp., 3.2 miles south of state line,

4 miles south of Upper Falls of Whitewater River, Oconee

Co., 14 Aug 1961, Petersen & Rogerson (ny, mass).

Frequently setae similar in appearance to the perithecial

setae occur scattered over the substrate surface. In the

Maine collection {Barr 5903b) the setae on both perithecia

and tubes of the substrate fungus are interspersed with

conidiophores which are phialidic at the pallid apex; con-

idia are 9-10 X 3-3.5 /xm, hyaline, elliptic-cylindric, slightly

curved, 1-septate, and adhere together in small clumps.

This conidial fungus agrees with the descriptions of Cylin-

drotrichum oligospermum (Corda) Bon. The connection

between conidial and perithecial fungi is suggested but has

been neither proved nor disproved.
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The type specimen of H. corticiorum is rather immature,
and many of the asci contain cytoplasm only. Most of those

asci which appear to be mature contain one-celled brown
ascospores and only a few of the ascospores are septate.

This von Hohnel (1907) noted in describing the species.

Petrak (1923) also described the ascospores as 0- to 1-

and finally 3-septate. Von Hohnel's species is similar in all

other respects to the North American specimens. There
seems no doubt of the disposition of these later and better-

developed collections. Both von Hohnel and Petrak com-

rumpared this species with Helminthosphaeria clavaru
(Desm.) Fuckel. H. clavarlarum is parasitic and forms a

subiculum on species of Clavariaceae. Perithecial walls are
soft and fleshy, asci have a chitinoid apical annulus, and
the ascospores are one-celled with a germ pore at each end.
This fungus belongs in the Sordariales (Parguay-Leduc,
1961), perhaps in its own family (Lundqvist, 1972). Lit-
schaueria corticiorum on the other hand is a member of the
Trichosphaeriaceae of the Xylariales.

Petrak (1940) reduced Melanostigma Kirschstein, with
the type species M. porothelia (Berk. & Curt.) Kirschst.,
to synonymy with Litschaueria corticiorum, noting that
Kirschstein's fungus was surely identical with von Hohnel's
species, although the name Sphaeria porothelia Berk. &
Curt, was not necessarily so. Sphaeria porothelia is one of
the other two species which is commonly found on old
basidiocarps.

The other two species have bitunicate asci in immersed
or partially erumpent ascocarps, and somewhat asym-
metric, inequilateral, fusoid-clavate ascospores, with all

cells evenly pigmented. Of these two species, one has
minute ascocarps (95-102 Mm diameter) with
a tuft of short, one-celled setae at the apex around the
pore region, and saccate asci 27-44 X fxUl

fascicle in the aparaphysate locule. This fungus was de-
scribed and illustrated as Herpotrichiella spinifera (Ell. &
Ev.) Barr in Bigelow and Barr (1963). The specimens
were recently re-examined, and short apical paraphyses.
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determined

(periphysoids) were observed in the upper part of the

locule. Such structures occur in other members of the

Herpotrichiellaceae. The specimen from South Carolina

cited in 1963 was incorrectly

sentative of the next species. Additional collections of H.

spinifera are now known from Ontario: Univ. of Toronto

Exp. Forest, 8 miles south of Dorset, Haliburton Co., 8 Sept

1962, Rogerson 62-98 and 62-99 (NY) ; from North Caro-

lina: Lake Johnson Park, Wake Co., 12 Nov 1972, Menge

622 (mass).

The third species has somewhat thickened walls in the

upper part of the larger ascocarp (104-190 (-220) ^m
diameter), scattered protruding cells or short setae over

the upper wall, and oblong asci 40-55 X 7-9 ^m. Empty
asci are often found in the locule and their outlines may be

misinterpreted as those of pseudoparaphyses. The upper

region of the locule and apical pore bear short apical para-

physes. This fungus is also a species of Herpotrichiella

and is identical with Sphaeria porothelia Berk. & Curt.

from Stereum

sent

description reads: "Perithecia minute, scattered, each

seated in a little facette; sporidia uniseriate, shortly ob-

form On
the hymenium of some Stereum. Car. Inf. No. 2379."

(Berkeley 1876). From a specimen labelled "Sphaeria

Porothelia B. & C. ! Ex Herb. Curt. In Hymen Stereo" in

NY, and from other collections the following description

was prepared.

Herpotrichiella porothelia (Berk. & Curt.) Barr, comb, nov.

Figs. 5-7.

Sphaeria porothelia Berk. & Curt, in Berk., Grevillea 4r

142. June 1876.

Melanomma porothelia (Berk. & Curt.) Sacc, Syll. Fung.

2: 104. 1883.

Leptosphaeria porothelia (Berk. & Curt.) Berl., Icones

Fungorum 1 : 52. 1892.
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Sphaerulina porothelia (Berk. & Curt.) Keissler, Ann.
Nat. Mus. Wien 35: 6. 1922.

Leptosphaeria stereicola Ellis, Am. Nat. 17: 317. Mar.
1883.

ps immersed, usually in small depressions in host
)ut 1/3 to 1/2 erumpent, dull black, rarely more
to nearly superficial, 104-190 (-220) Mm diameter,

globose or nearly so, apex short papillate; wall brown,

erumpent

omewhat
comp

om

with protruding cells or short 1- to 2-celled dark setae over
upper part of wall; apical pore periphysoid, short apical
paraphyses growing inward toward asci from apex of
locule

; externally at times with light brown hyphal coating
extending into host tissues. Asci 40-55 (-60) X 7-9 ^m,
oblong, slightly inflated at times, bitunicate, sessile, i

sides and base of locule. Ascospores 10-14 X 3-4
light dull brown, asymmetric, narrowly obovate, ends
tapered, usually inequilateral, (0-, 1-, 2-) 3-septate, slightly
constricted at mid septum, one globule in each cell, wall
smooth, biseriate in the ascus.

In old basidiocarps of Stereum bicolor, Stereum sp.,

North America, Europe.
Material examined: NORTH AMERICA: Delaware:

Newark, 7 Nov 1890, Commons 1722 (ny) ; Iowa: Decorah,
4 July 1882, E. W. Holway 142 (type specimen of Lepto-
sphaeria stereicola) and three additional packets with

"ar collection data (one dated June 1882) (ny) ; South
Carolina: Ex Herb. Curtis (authentic specimen) (ny)

;

simi

mi. south oi state line. 4 mi
Whitewater River, Oconee Co., 14 Aug 1961, Petersen &
Rogerson (with Litschaueria corticiorum) (NY, MASS).

Roumeg (NY).
Ellis and Everhart (1892) distinguished H. spinifera

with setose, partly erumpent ascocarps and shorter wider
asci from H. porothelia (both under Melanomma) with

more
asci. The specimens of H. porothelia bear short
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the apex. For comparison, H. spinifera is illustrated in

figures 8 to 10. These species of Herpotrichiella belong in

the Herpotrichiellaceae of the Chaetothyriales.
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POLLEN SIZE OF HEDYOTIS CAERULEA
(RUBIACEAE) IN RELATION TO

CHROMOSOME NUMBER AND HETEROSTYLY

Walter H. Lewis

Darwin (1877) observed that the Rubiaceae contain a

much larger number of heterostyled genera than any other

family, a fact borne out by nearly one hundred years of

additional observations (Vuilleumier, 1967). Among the

numerous rubiaceous taxa he examined, Darwin noted that

in Hedyotis (Houstonia) caerulea (L.) Hooker the pollen

grains from the short-styled or "thrum" flowers were
larger in diameter than those from the long-styled or

"pin" flowers by a ratio of as much as 100 (thrum) to 72

(pin) after soaking in water. In Darwin's sample of H.
caerulea about 80 percent of the pollen was heteromorphic,

while the remainder was similar in size regardless of style

type. These observations proved generally applicable: pol-

len from thrum flowered plants was larger than pollen

from pin flowered plants whenever there was a difference

in pollen size.

In a more detailed study of heterostyly in Oldenlandia
umbellata L., a species allied to Hedyotis caerulea and often

placed in the same genus, Bahadur (1963) found the mean
volume of pollen grains from thrum flowers to be greater

(ratio about 100:79) than that of the pin pollen, as antici-

pated, but he also observed a wide variation in pollen size

in the two flower types in different populations. In fact

the overlap in size ranges was such that approximately 70
percent of the pollen could not be differentiated by size

alone.

In other genera of the Rubiaceae, Bremekamp (1963)
observed that of nine species of Mapouria seven had larger
thrum pollen than pin pollen by a ratio of 100 :82, but two
species showed no difference in pollen size between flower

JI wish to thank Dr. Beryl B. Simpson, Smithsonian Institution,

for her review of the manuscript.
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types. He found similar results for Psychotria and, like

Darwin, from

the thrum flower is, as a rule, larger than pollen from the

pin flower. But he also concluded that this difference is

not always present, at least in the Rubiaceae.

I wish to consider here a phenomenon related to pollen

size which has recently proved widespread among the

Hedyotideae, namely, autoploidy. This phenomenon was

unknown to Darwin and was not investigated by Bahadur

or Bremekamp. For example, Lewis (1964, 1966) reports

corym

race

ploid and hexaploid races. But O. corymbosa is homo-

stylous. What relation might there be between pollen size

and ploidy level in heterostylous species having several

chromosomal races?

Hedyotis caerulea is an ideal species for such a study;

it has widespread diploid and tetraploid races (Lewis &
Terrell, 1962) and is heterostylous. Consequently, flowers

from herbarium sheets representing three collections of

mber

number Whole

acetolyzed and pollen grains were mounted in glycerine

measurement Either

m50 or, more often, 100 grains per flower were

The specimens used and my results are summarized in

Tables 1 (diploid plants) and 2 (tetraploid plants).

Pollen of Hedijotis caerulea is 3-colporate with a coarsely

reticulate exine (Figures 14, 15, in Lewis, 1965). In the

diploid plants examined, thrum pollen is usually larger

than pin pollen, i.e., the range of means X = 28.6-30.9 /mi

(equatorial. E) and X = 27.4-28.6 jam (polar P), in con-

trast to X = 23.1 ixm (E) and X = 22.0 ^m (P) for

pollen from pin flowers (Lewis 5605). By averaging the

equatorial and polar means for each floral type the single

pin pollen sample was smaller by ratios of 100:81 and

100:76 when compared with the two thrum samples. But

pollen from thrum and pin flowers of Lewis 5613 did
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Table 1.

Pollen size of the diploid race of Hedyotis caerulea

in relation to heterostyly.

Thrum (short styled) Pin (long styled)

5605 1
: 28.6/im ± 1.42 (E) & 5605: 23.1^m ± 1.4 (E) &

27.4Mm ± 1.5 2 (P) 22.0pm ± 2.0 (P)

3393: 30.9/xm ±2.8 (E) &
28.6/tm ± 2.7 (P)

5613: 25.2/tm ± 1.7 (E) & 5613: 25.1/mi ± 2.0 2 (E) &
23.7

i
um ± 2.7 (P) 25.8/xm ± 2.1 2 (P)

1Collections (with localities): Lewis 5605 (Kentucky: Metcalf
Co., 3.1 miles E of Wisdom, mo) ; Terrell & Barclay 3396 (Ala-
bama: Talladega Co., 2-3 miles W of Talladega Co.-Clay Co. Line,

us); Lewis 5613 (Arkansas: Clark Co., 2.4 miles SE of Alpine,

SMU).
2Based on N= 50, others N= 100.

Table 2.

Hedyotis
in relation to heterostyly.

Thrum (short styled) Pin (long styled)

868S1
: 28.7/im ± 1.8 2 (E) & 3663: 23.9/xm ± 1.9 (E) &

30.2Mm ± 1.6 (P) 21.9/xm ± 1.6 (P)
3668: 30.7jum ± 1.6 (E) &

32.1jum ± 1.7 (P)

Collections (with localities): Terrell 3663 (Connecticut: Tol-

land Co., 3 miles S of Rockville, us) ; Terrell 3668 (Vermont:
Windham Co., 2 miles W of Brattleboro, us).

*A11 N= 100.
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not differ significantly in size: the thrum :pin ratio was

100:104, or about equal (Table 1).

In autotetraploid plants, pollen of thrum flowers was

larger than that of pin flowers, viz., 100:78 (Terrell

3663:3663) and 100:73 (Terrell 3668:3663), but in ap-

proximately the same proportions and of similar size as

the pollen of typical diploid plants. This contrasts to the

increase in size of pollen of many tetraploids and in the

closely allied but homostylous Oldenlcmdia corymbosa. Is

the need for larger pollen grains among polyploids already

accounted for by the typically larger grains of thrum

flowers?

SUMMARY

1. Pollen from thrum flowers is typically larger than

pollen from pin flowers regardless of ploidy, although for

one diploid population pollen was nearly equal in size.

2. The relative size differences between pollen from

thrum and pin flowers is the same whether of diploid or

of tetraploid origin.

3. Pollen from diploid plants is equivalent in size to

pollen of tetraploid plants in Hedyotis caerulea. The

usually larger size of pollen grains among polyploids is

not characteristic of heterostylous infraspecific polyploids.
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RICHARD SPRUCE AND THE ETHNOBOTANY
OF THE NORTHWEST AMAZON

Richard Evans Schultes

The Indians of the northwest Amazon, especially those

of the Brazilian and Colombian region of the Rio Vaupes,

have a rich ethnopharmacological lore. This wealth of

knowledge of the presumed medicinal properties of plants,

however, is just coming to the fore— and most certainly

not too soon, considering its disappearance in the face of

advancing acculturation and the inroads of civilization.

Richard Spruce, the British plant-explorer who opened

up this region to science between 1851 and 1854, must be

counted amongst the greatest naturalists ever to have

engaged in collecting and studies anywhere in virgin tropi-

cal territories. As a result of his meticulous observation

and insatiable curiosity, a basis for our understanding of

great areas of the Amazon Valley and of the northern

Andes was early and most firmly laid. Not only did Spruce

advance taxonomy and floristics, but he made many im-

portant observations in ethnology, linguistics and geology.

Some of the most significant discoveries in connection

with the hallucinogens derived from Banisteriopsi& Caapi

(Spruce ex Griseb.) Morton and Anadenanthera (Pip-

tadenia) peregrina (L.) Speg. are due to his first hand

field observations. And he was particularly interested in

ethnobotanical lore concerning the palms (Fig. 1).

It has always been difficult for me to understand how
several very important ethnobotanical discoveries eluded

such a perspicacious scientist who spent four years on the

Rio Negro and its tributaries. The use of Virola in the

preparation of an hallucinogenic snuff provides a good

exam m
ceous genus and collected the material on which at least

nine new species were described. Although he was defi-

nitely interested in and had personal contact with several

hallucinogenic plants, he failed to learn that the Indians

65
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Figure 1. Richard Spruce. From a photograph in the Gray Her-
barium. Drawn by E. W. Smith.
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employed the red bark-resin of Virola in elaborating a

snuff used by medicine men and, in some tribes, by the

whole male population.

Another curious aspect of Spruce's ethnobotanical ob-

servations was his failure to discover "simples" that were

employed medicinally by Indians of the northwest Amazon.

"The Indians," he says, "have a few household remedies,

but by far the greater portion of these have come into use

since the advent of the white man from Europe and the

negro from Africa." Von Martius remarks nearly the same

thing in the introduction to his Systema materiae medicae

vegetabilis brasiliensis (1843, p.xvii) .... "Of external

applications, I have seen only the following. For a wound
or bruise or swelling, the milky juice of some tree is spread

thick on the skin, where it hardens into a sort of plaster,

and is allowed to remain on until it falls of itself. Almost

any milky tree may serve, if the juice be not acrid; but the

Heveas (India-rubbers), Sapotads, and some Clusias are

preferred. Such a plaster has sometimes an excellent effect

in protecting the injured part from the external air."

This experience of Spruce's is difficult to reconcile with

my own observations during the past 30 or more years

amongst the many tribes along the Colombian Rios Vaupes,

Apaporis and Caqueta and their tributaries, where I col-

lected large numbers of plants reputedly valuable alone

or in nrescrintions for a varietv of common diseases.

It is true that, in this whole region, the "medicines

par excellence

ff

and those which are administered not to

;o the medicine man— are the hallucino-

gens. The "medicines" with psychic properties that enable

the medicine-man easily through hallucinations to see or

converse with malevolent soirits from whom come all ill-

more lm
medicines

ties. It is, however, most certainly not true that the

Amazon
med
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cally to reduce pain or suffering, lessen uncomfortable

symptoms of illness or even apparently cure pathological

conditions. They have many such medicinal plants and
are willing to share their knowledge with the serious, en-

quiring visitor. It is not only I who have found these

people to possess a deep knowledge of medicinal plants;

other botanists and several anthropologists have likewise

been impressed with the wealth of native medical folklore

in the region.

Spruce's surprising statements concerning the lack of

knowledge and use of medicinal plants in the northwest

Amazon may be explained by his difficulty in spending long

time We must
remember that Spruce was at work well over a century

ago. "I have never," he wrote, "been so fortunate as to see

a genuine paye [medicine-man] at work. Among the civi-

lized Indians, the Christian padre has supplanted the pagan
paye. . . . With the native and still unchristianised tribes,

I have for the most part held only passing intercourse dur-

ing some of my voyages. Once T lived for seven

at a time among them, on the river Vaupes, but ev
T failed to catch a nave. When I was exploriner 1

months

arite cataracts on that river, and was the guest of Uiaca,

the venerable chief of the Tucano nation, news came . . .

that a famous pave . . . would arrive that night and remain
until next dav, and I congratulated myself on so fine a

chance of getting to know some of the secrets of his 'medi-

cine'. . . . When he learnt that there was a white paye
(meaning myself) in the village, he and his attendants
immediately threw back into the canoe his goods, which
they had begun to disembark, and resumed their dangerous
voyage down the river in the night-time. I was told he
had with him several palm-leaf boxes, containing his ap-
paratus. ... I could only regret that his dread of a sup-
posed rival had prevented the interview which to me
would have been full of interest; the more so as I was
prepared to barter with him for the whole of his materia
medica, if my stock-in-trade would have sufficed."
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It is amply clear from this statement, from Spruce's
reports of other ethnobotanical observations and from the
rich collections of artifacts which he collected and sent to

the Economic Botany Museum of the Royal Botanic Gar-
dens at Kew that he was not— as have been a number of

modern botanists working in South America's tropical re-

gions— prejudiced against aboriginal uses of and beliefs

about plants. He was certainly far from being a preju-

diced man. An explanation of his failure to note the rich

facets.

armacological lore of this region may
much

the time, too ill to delve into this specialized field so tan-
gential to floristic and taxonomic studies and collections.

Furthermore, he may, perhaps, have erred in assuming
that all "medicinal" knowledge resided with the paye, or
medicine man. I have consistently found that the paye,
insofar as plants are concerned, often knows relatively

little about plants and usually manipulates "sacred" plants,

oftentimes the hallucinogens or other psychoactive species,

such as coca and tobacco, and employs them "medicinally"
in magical ways. Most tribes have what we might term
"regular doctors", chiefs or "curacas" who do not norma

magic
edge of the curative or presumed therapeutic value of
plants— that is, those plants with actual physically active
properties that can relieve or cure ills of the body.

They could justly be termed the botanists of the societies.

They work cooperatively with the payes or medicine men,
very frequently referring difficult or recalcitrant cases to
these "specialists" who, naturally, are generally considered
to be practitioners of a higher rank. It is, naturally, with
these "regular doctors" and their knowledge that the eth-

nopharmacologist or ethnobotanist must primarily be in-

volved (Fig. 2).

Whether or not in Spruce's time— a century and a quar-
ter ago— such practitioners did not exist we cannot now
state with certainty. It is, however, most probable that
they did exist and did practice their skill, although perhaps
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Figure 2. Makuna Indian medicine man under the influence of

caapi prepared from Banisteriopsis Caapi (Spruce ex Griseb.)

Morton. Rio Popeyaca, Amazonas, Colombia. Photograph by Guil-

lermo Cabo O.
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not with so much freedom from control of the payes as to-

day. Spruce's surmise that the few household remedies

practiced amongst these peoples may have come in with
Europeans or negroes is open to serious doubt, if only from
the fact that the plants and uses characteristic of the

household medicine of the northwest Amazon are so utterly

different.
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NEW COMBINATIONS IN
ZANTHOXYLUM (RUTACEAE)
HAWAIIAN PLANT STUDIES 44

Harold St. John

There has been much shuffling of species and varieties

back and forth between Zanthoxylum and Fagara. The
Hawaiian species are still in need of a monographic study,

but Fosberg (1958) presented a well reasoned argument

that the two groups actually had the same generic char-

acters. On accepting this view, it is necessary to put them
all in the older genus which is Zanthoxylum L. To have

them available, the following combinations are here made,

Zanthoxylum dipetalum Mann, var. Hillebrandii (Sherff)

comb. nov.

Fagara dipetala (Mann) Engler, var. Hillebrandii Sherff,

Am. Jour. Bot. 45: 462. 1958.

Z. dipetalum Mann, var. Mannii (Sherff) comb. nov.

Fagara dipetala (Mann) Engler, var. Mannii Sherff,

Am. Jour. Bot. 45: 462. 1958.

Z. hawaiiense Hbd., var. subacutum (Sherff) comb. nov.

Fagara hawaiiensis (Hbd.) Engler, var. subacuta Sherff,

Am. Jour. Bot. 45: 462. 1958.

Z. Hillebrandii Waterm., var. hiloense (Sherff) comb. nov.

Fagara glandulosa (Hbd.) Engler, var. hiloensis Sherff,

Am. Jour. Bot. 45: 462. 1958.

Z. kauaense Gray var. kohalanum (Sherff) comb. nov.

Fagara kauaiensis (Gray) Engler var. kohalana Sherff,

Am. Jour. Bot. 45: 461. 1958.

Z. kauaense Gray var. tenuifolium (Deg. & Sherff in

Sherff) comb. nov.

Fagara kauaiensis (Gray) Engler var. tenuifolia Deg.

& Sherff in Sherff, Am. Jour. Bot. 45: 461. 1958.

Z.maviense Mann var. kaalanum (Sherff) comb. nov.

Fagara mauiensis (Mann) Engler var. kaalana Sherff,

Am. Jour. Bot. 45: 462. 1958.

73



74 Rhodora [Vol. 78

Z. maviense Mann var. lanaiense (Sherff ) comb, nov.

Fagara mauiensis (Mann) Engler var. lanaiensis Sherff,

Am. Jour. Bot. 45: 462. 1958.

Z. maviense Mann var. maunahuiense (Sherff) comb, nov.

Fagara mauiensis (Mann) Engler var. maunahuiensis

Sherff, Am. Jour. Bot. 45: 462. 1958.
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MYRIOPHYLLUM FARWELLII (HALORAGACEAE)
IN BRITISH COLUMBIA

A. Ceska and P. D. Warrington

Myriophyllum farwellii Morong. differs from all the

other species of Myriophyllum growing (or suspected of

growing) in the Pacific Northwest by its flowers in the

axils of ordinary submersed leaves and in its leaves partly

whorled and partly alternate. Recently (1971-1973), it

has been found by us in three lakes (Echo, Mohun and

Brewster) of the Campbell River area on Vancouver

Island.

cm
below summer water level, rooted in detritic gyttja, and

it is usually associated with Scirpus subterminalis Torr. in

shallows and Potamogeton natans L. in deeper water.

Using the Braun-Blanquet scale to indicate quantity, the

two following releves from Mohun Lake are examples of

typical stands containing M. farwellii.

1. Depth 50 cm: M. farwellii 5, Scirpus subterminalis 2,

Potamogeton gramineus L. +, Utricuktria vulgaris L. +,

Nuphar polysepalum Eng. +.

2. Depth 120 cm: M. farwellii 5, Utricularia vulgaris •+,

Potamogeton watans +.

The previously reported distribution of Myriophyllum

farwellii was centered around the Great Lakes.

M. farwellii occurs from Nova Scotia and New
In Canada

to Ontario United States from

central New York to northern Minnesota (Muenscher,

1944; Fernald, 1950; Gleason, 1952; Fassett, 1957). Al-

though introduction is possible, it is difficult to decide

whether or not the occurrence of M. farwellii in British

Columbia
sufficiently

aquatic species are usually even less thoroughly collected.

Utricularia gibba L. is an example. It was not reported

from the Pacific Northwest until recently (Ceska & Bell,
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1973; Hitchcock & Cronquist, 1973), although it was col-

lected in Washington by Piper in 1897 (and misidentified

as U. minor L.). Sparganium fluctuans (Morong.) Robins,

was collected in British Columbia by Eastham in 1938 and
has rarely been collected since. This species (with a dis-

tribution similar to that of Myriophyllum farwellii) has

been recently collected by us in several lakes in the Camp-
bell River area of Vancouver Island.

It is possible that Myriophyllum farwellii belongs to that

large group of species whose distribution is disjunct due
to the Continental Divide and due to the exclusion of those

species from the Great Plains. Fernald (1932) discussed

this problem in connection with the distribution of some
species of Potamogeton and gave an extensive list of spe-

cies with a similar distribution. Several more species (e.g.,

Carex lasiocarpa Ehrh., Scheuchzeria palustris L., Brasenia
schreberi Gmel., etc.; cf. Hulten, 1964, 1971) should be
added to this list.

The origin of this distributional pattern is connected
with the Pleistocene history of North America (Deevey,

1949; Major & Bamberg, 1967), and the pattern is par-

ticularly pronounced in aquatic plants. Whether Myrio-
phyllum farwellii really belongs to this group or whether
it was introduced cannot be answered at this time.

List of localities of Myriophyllum farwellii and speci-

mens collected:

1. Echo Lake (49° 59' N., 125° 25' W.), SW end of the

lake. Wa
A. & 0. Ceska, July 1973.

2. Mohun o W.). W
lake. Collected by 0. & A. Ceska, July 1972 (*), July
1973.

3. Brewster Lake (50° 04.5' N., 125° 35.2' W.), S end of

the lake. Collected by O. Ceska, July 1973.

Specimens are deposited in the Herbarium of the Univer-
sity of Victoria (UVic), collection marked by (*) was dis-

tributed to the following herbaria : can, dao, ubc, uc, and v.
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REVISIONS IN THE FLORA OF ST
U.S. VIRGIN ISLANDS1

F. R. FOSBERG

Incidental field studies were carried out in St. Croix

during a field course in tropical botany, taught at the

West Indies Laboratory, Fairleigh Dickinson University.

A number of plants that were not previously recorded from

the island were seen, some of them collected. It seems use-

ful to publish these records, along with corrections of the

names of certain species already known from St. Croix.

There is no modern flora of St. Croix, or even an up-to-

date published list. The two reasonably comprehensive

source works for the St. Croix flora are Britton & Wilson,

Scientific Survey of Puerto Rico and the Virgin Islands,

volumes 5 and 6, and Little & Wadsworth, Common Trees

of Puerto Rico. The names used by Little & Wadsworth

are mostly acceptable, but only trees are included. Britton

& Wilson worked under different rules of nomenclature and

had much narrower generic concepts than many modern

workers on tropical floras. Hence many of the names are

not in accord with present usages. Dr. Alain Liogier has

published a number of papers rectifying the Britton &
Wilson nomenclature. His corrections are largely satis-

some cases there is room

of opinion.

plants

with

the West Indies Laboratory (herbarium = PA) . Records

were extracted from the above listed works and certain

others that include St. Croix plants, some of the existing

herbarium material was examined, and substantial new

collections were made. Included in the list also are some

plants not yet represented by St. Croix specimens, but

which could be These

iWest Indies Laboratory Contribution #22 (done in cooperation

with the Botany Dept., U.S. National Museum of Natural History).

79



80 Rhodora [Vol. 78

are mainly garden plants. This check-list is not yet com-
pleted, and it may be some time before it is, as much more
collecting should be done to get a documented record of

what is growing on the island at present.

Pending the completion of the check-list it seemed worth-

while to extract from it all names differing from those

accepted in the Britton & Wilson and Little & Wadsworth
books. As the list stands it includes accepted changes

and new records of St. Croix plants from Alain's work, as

well as my own new records and taxonomic changes. This

extracted list is here presented as an interim source of

what seem to be the correct names of St. Croix plants.

Species known from the island but not included here are

mostly listed under acceptable names in one of the two
books cited above. Taxa not native to the island are indi-

cated by an asterisk.

Abbreviations of principal sources are as follows:

B. & W. = Britton, N. L. and Wilson, P. Scientific Survey
of Porto Rico and the Virgin Islands, vols. 5

& 6, Botany.

L. & W. = Little, E. L. and Wadsworth, F. Common trees

of Puerto Rico.

Herbarium symbols are those of Index Herbariorum,
ed. 6, except that fa is used for the herbarium of the

Fairleigh Dickinson University West Indies Laboratory
and FO is for material not yet distributed by F. R. Fosberg.

PTERIDOPHYTA
paltonium Presl

Paltonium lanceolatum (L.) Presl— Bodkin Hill, Hayes 31

(FA).

POLYPODIUM L.

Polypodium aureum L. — Coble, 50 m, Hayes 47 (FA);
Eliza's Retreat, in thick woods on precipitous east-facing

slope, 500', Fosberg & Hayes 54158 (US).

Polypodium phyllitidis L. — Bodkin Hill, 150 m, Hayes 29

(FA).
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Polypodium polypodioides (L.) — Watt. Bodkin, 200 m,

Hayes 41 (fa).

PTERIS L.

*Pteris longifolia L. — Christiansted, in crevices in walls

and rocky waste places. Fosberg 53935 (us, fa) ;
Hayes

27 (FA).

Schmid W
Croix records, non Adans.)

Thelypteris dentata (Forsk.) E. St. J. (Dryopteris den-

tata (Forsk.) C. Chr., B. & W. 6: 471).

Thelypteris patens (Sw.) Small (Dryopteris patens

O. Ktze.. B. & W. 6:471).

w

Thelypteris poiteana (Bory) Proctor (Drijopteris poiteana

m(Bory) Urb., B. & W. 6: 473). Spring Garden, 100

Hayes 26 (fa). Looks much like a Tectaria except for

venation; bears plantlets on midrib of frond.

Thelypteris tetragona (Sw.) Small (Dryopteris subtetra-

gona (Link) Maxon, B. & W. 6: 473).

CYCADACEAE
*CYCAS L.

*Cycas circinalis L. — Seen planted in Christiansted, 1972.

*Cycas revoluta Thunb. — Teague Bay, planted at West

, Hayes 134 (fa).

CUPRESSACEAE
*THUJA L.

*Thuja orientalis L. — Seen planted, 1972.

ARAUCARIACEAE
*ARAUCARIA JUSS.

*Araucaria heterophylla (Salisb.) Franco. — Seen planted,

1972.

PODOCARPACEAE
*podocarpus Pers.

*Podocarpus macrophyllus var. maki Endl. — Teague Bay,

West Indies Lab. Hayes 143 (fa).



82 Rhodora [Vol. 78

TYPHACEAE
TYPHA L.

Typha domingensis (Pers.) Kunth (Typha angustifolia

sensu B. & W. non L., B. & W. 5: 9). Fide Alain, Rho-
dora 67: 317, 1965.

POTAMOGETONACEAE
(Incl. Zannichelliaceae and Ruppiaceae)

HALODULE Endl.

Halodule wrierht & W. 5 : 12 : Halodule
dettei (d. Hart.) d. Hart.). Reported by den Hartog,
Blumea 12: 303, 1964, as H. beaudettei, which does not
seem specifically distinct from the widespread H.
wrightii.

SYRINGODIUM Ktitz.

Syringodium filiforme Kiitz. (Cymodocea manatorum
Aschers., B. & W. 5: 12).

ALISMATACEAE
echinodorus Rich.

Echinodorus berteroi (Spreng.) Fassett (Echinodorus cor-

difolius Griseb., B. & W. 5: 14).

GRAMINEAE
andropogon L. (sensu lato; Amphilophis Nash, Schizachy-

rium Nees.).

Andropogon gracilis Spreng. (Schizachyrium gracile
1 (Spreng.) Nash, B. & W. 5: 24).

Andropogon ischaemum L. (Amphilophis ischaemum (L.)

Nash, B. &W
*Andropogon pertusus (L.) Hitchc.— Reported by Hitch-

cock, Man. Grasses W.I., 402, 1936 ; now very abundant,
locally called "hurricane grass."

Andropogon semiberbis Spreng. (Schizachyrium semiberbe
(Spreng.) Nash, B. & W. 5: 25).

*bambusa Retz. (Bambos Retz.).

*Bambusa vulgaris Schrad. (Bambos vulgaris Schrad.,
B.&W. 5:77).
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chloris Sw.

*Chloris gayana Kunth— Seen persisting in old Experi-

ment Station grounds, near Upper Bethlehem, 1972.

Chloris inflata Link (Chloris paraguaiensis Steud., B. & W.

5: 67; 6: 232; Chloris barbata sensu American authors,

Sw.) Teaerue Bay, D. Smith 11 (fa).non (L.)

Chloris sagraeana A. Rich.— Said by Alain, Rhod. 67: 319,

1965, not to be in St. Croix.

cynodon L. C. Rich. (Capriola Adans.).

Cynodon dactylon (L.) Pers. (Capriola dactylon (L.) O.

Ktze., B. & W. 5: 66). Teague Bay, Kaufman 64 (fa).

digitaria Heist. (Syntherisma Walt., Valota Adans.).

Digitaria ciliaris (Retz.) Koel. (Syntherisma sanguinalis

sensu B. & W., non (L.) Dulac, B. & W. 5: 33).

Digitaria horizontalis Willd. (Syntherisma digitata (Sw.)

Hitchc, B.&W. 5:34).

Digitaria insularis (L.) Mez (Valota insularis (L.) Chase,

B.&W. 5:32).

Digitaria ischaemum (Schreb.) Schreb. (Syntherisma

ischaemum (Schreb.) Nash, B. & W. 5: 33).

ERAGROSTIS Host.

Eragrostis tenella (L.) Beauv. (Eragrostis amabilis (L.)

W. & A., B. & W
Hitchc

Lasiacis patentiflora Hitchc. & Chase. — Reported by Alain,

Rhodora67:318, 1965.

LEPTOCHLOA Beauv. (Diplachne Beauv.).

Leptochloa fascicularis (Lam.) Gray (Diplachne fascicu-

lar^ (Lam.) Beauv., B. & W. 5: 72; 6: 332).

Leptochloa panicea (Retz.) Ohwi (Leptochloa fiMformis

) Beauv., B. & W. 5: 71). Fide Alain, Rhodora,m
67: 319, 1965.

oplismenus Beauv.

Oplismenus setarius (Lam.) R. & S. Reported by Hitch-

cock. Man. Grasses W.I. 324, 1936.
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PANICUM L.

Panicum capillare L. — Reported by Hitchcock, Man.
Grasses W.I. 255, 1936.

*Panicum muticum Forsk. (Panicum purpurascens Raddi;
Panicum barbinode Trin. ; Brachiaria mutica (Forsk.)

Stapf )

.

PASPALUM L.

Paspalum distichum L. (Paspalum vaginatum Sw., B. & W.
5: 40). The Linnean specimen of P. distichum is clearly

the plant commonly called P. vaginatum Sw.

Paspalum laxum Lam. (Paspalum glabrum Poir., B. & W.
5: 39). laxum

Man. Grasses W
Paspalum paspalodes (Michx.) Scribn. (Paspalum dis-

tichum sensu auct. plur., non L., B. & W. 5: 41).

pennisetum Pers.

Pennisetum ciliare (L.) Link. — Teague Bay, Frederiksen
18-24 (fa).

setaria Beauv. (Chaetochloa Scribn.).

Setaria geniculata (Lam.) Beauv. (Chaetochloa geniculata
(Lam.) Millsp. & Chase, B. & W. 5: 55).

*Setaria italica (L.) Beauv. (Chaetochloa italica (L.)

'Scribn., B. & W. 6: 332).

Setaria rariflora Milsan (Chaetochloa rariflora (Milsan)
Hitchc. & Chase, B. & W. 5: 56).

Setaria setosa (Sw.) Beauv. (Chaetochloa setosa (Sw.)
Scribn., B. & W. 5:56).

sorghum Moench (Holcus sensu B. & W. 5: 29, non L.

sensu stricto).

29).

um bicolor Roxb. (Holcus sorghum L., B. & W

spartina Schreb.

Spartina patens (Ait.) Muhl.— Buck I. Borgesen in 1906
(us).

'
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sporobolus R. Br.

*Sporobolus africanus (Poir.) Robyns & Tourn. (Sporo-

bolus berteroanus (Trin.) Hitchc. & Chase, B. & W. 5:

64).

Sporobolus argutus (Nees) Kunth. — East End Point, D.

Smith 18 (FA); Fosberg 54019 (us, fa). Hitchcock,

Man. Grasses W.I., 84, regards this as a synonym of

S. pyramidatus (Lam.) Hitchc.

Sporobolus tenuissimus (Schranck) 0. Ktze. (Sporobolus

muralis (Raddi) Hitchc. & Chase, B. & W. 5: 64). Fide

Hitchcock, Man. Grasses W.I., 81.

tragus Hall. (Nazia Adans.).

Tragus berteronianus Schult. (Nazia aliena sensu B. & W.,

non (Snrene:.) Scribn.. B. & W. 5: 31).

*tricholaena Schrad.

*Tricholaena rosea Nees.— Seen, well established, in 1972

CYPERACEAE
cyperus L. (KyUmga Rottto. )

.

*Cyperus alternifolius L. — Seen in 1969, planted.

Cyperus brevifolius (Rottb.) Hassk. (Kyllinga brevifolia

Rottb., B. &W. 5:79).

Cyperus flavus (Vahl) Nees (Cyperus cayennensis (Lam.)

Britt., B. & W. 5: 86). Fide Alain, Rhodora 67: 320,

1965.

Cyperus nanus Willd. (Cyperus granularis (Desf.) Britt.).

Fide Alain, Rhodora 67: 320, 1965 (B. & W. 5: 86).

Cyperus nanus var. subtenuis Kuk. (Cyperus tenuis Sw.).

Fide Alain, Rhodora 67: 320, 1965 (B. & W. 5: 87).

Cyperus obtusatus (Presl) Mattf. & Ktik. (Kyllinga pun-

gens Link). Fide Alain, Rhodora 67: 320, 1965 (B. & W.
5:79).

Cyperus odoratus L., non sensu B. & W. (Cyperus ferax L.

C.Rich. B. &W. 5:89).

Cyperus planifolius L. C. Rich. (Cyperus brunneus Sw.).

Fide Alain, Rhodora 67: 320, 1965 (B. & W. 5: 88).
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Cyperus unifolius Boeckl. (Cyperus filiformis sensu B. &
W. nonSw..B. &W. 5:89).

ELEOCHARIS R. Br.

Eleocharis geniculata (L.) R. & S., non sensu B. & W.
(Eleocharis caribaea (Rottb.) Blake, B. & W. 5: 91).

Eleocharis montana (HBK.) R. & S. (Eleocharis nodulosa

i(Roth) Schultes). Fide Alain, Rhodora 67: 320, 1965

(B. & W. 5: 92).

FIMBRISTYLIS Vahl.

Fimbristylis dichotoma L. (Fimbristylis diphylla (Retz.)

Vahl, B.&W. 5:95).

PALMAE (Arecaceae)

coccothrinax Sarg.

Coccothrinax barbadensis (Lodd. ex R. & S.) Becc, Web-
bia 2: 328, 1907. (Thrinax barbadensis Lodd. ex R. & S.

;

Thrinax argentea Lodd. ex Desf
.

; Coccothrinax argentea

(Lodd. ex Desf.) Sarg. ex K. Schum. ; Coccothrinax eg-

gersiana Becc. ; Coccothrinax eggersiana var. sanctae-

crucis Becc. )

.

*PHOENIX L.

*Phoenix dactylifera L. — Seen planted in Christiansted,

1972.

*Phoenix roebelinii O'Brien. — Seen planted, in 1972.

*pritchardia Seem. & Wendl.

*Pritchardia pacifica Seem. & Wendl.— Seen planted,

Teague Bay, 1972.

in Cruzan Garden, 1972.

Muell. & Drude. — Seen planted

ROYSTONEA Cook.

Roystonea elata (Bartram) Harper (Roystonea regia
(H.B.K.) Cook, B. & W. 5: 112; Roystonea borinquena
Cook).
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veitchia Wendl.

*Veitchia merrillii (Becc.) H. E. Moore (Adonidia merril-

ZnBecc).

*washingtonia Wendl. (Neowashingtonia Sudw.).

*Washingtonia filifera (Lind.) Wendl. (Neowashingtonia
filifera (Lind.) Sudw., B. & W. 5: 119).

ARACEAE
ANTHURIUM Schott.

*Anthurium andraeanum Lindl.— Seen in gardens, 1972.

*caladium Vent. (Cyrtospadix C. Koch).

*Caladium bicolor (Ait.) Vent. (Cyrtospadix bicolor (Ait.)

B. &W., B.&W. 5:126).

*DIEFFENBACHIA Schott.

*Dieffenbachia maculata (Lodd.) Bunt. — Teague Bay,

W.I. Lab. Hayes 148 (fa).

*MONSTERA Schott.

*Monstera deliciosa Liebm.— Seen by Fosberg, 1972, cult

*PHILODENDRON Schott.

*Philodendron selloum C. Koch. — Teague Bay, planted,

Hayes 151 (fa).

*RHAPHIDOPHORA Hassk.

*Rhaphidophora aurea (Lind. & Andre) Birdsey (Scindap-

sus aureus Lind. & Andre). Seen planted in Christian-

sted, 1972.

*Rhaphidophora pinnata (L.) Schott. Seen planted in

Christiansted, 1972.

BROMELIACEAE
tillandsia L. (DendropogonHaf.).

Tillandsia usneoides L. (Dendropogon usneoides (L.)

Ttaf.). Eliza's Retreat, Jakobsberg, Fosberg 54153 (us,

fa, fo). Seen also at Creque Dam.
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COMMELINACEAE
CALLISIA L.

'

*Callisia fragrans (Lindl.) Woodson— Cotton Valley, Yel-

lowcliff Bay, Fosberg 53937 (us, FA, po).

COMMELINA L.

*Commelina diffusa Burm. f. (Commelina longicaulis Jacq.,

B. & W. 5: 145). Fide Alain, Rhodora 67: 323, 1965.

Commelina virginica L. (Commelina elegans H.B.K., B. &
W. 5: 145). Fide Alain, Rhodora 67: 373, 1969.

*rhoeo Hance.

*Rhoeo spathacea (Sw.) Stearn (Rhoeo discolor (L'Her.)

Hance, B. & W. 5:147).

*setcreasia K. Schum. & Syd.

*Setcreasia purpurea Boom— Teague Bay, planted, Hayes

136 (FA).

PONTEDERIACEAE

*EICHH0RNIA Kunth (Piaropus Raf.).

*Eichhornia crassipes (Mart.) Solms (Piaropus crassipes

(Mart.) Britt., B. & W. 5: 149).

LILIACEAE (sensu latissimo)

AGAVE L.

*Agave americana L. — Seen in gardens, 1972.

*aloe L.

*Aloe barbadensis Mill. (Aloe vera L. ; Aloe vulgaris Lam.,

B. &W. 5: 151).

*ASPARAGUS L.

*Asparagus plumosus Baker. — Seen, cultivated, 1972.

*Asparagus sprengeri Regel — Teague Bay, cultivated,

Hayes 137 (FA).

*chlorophytum Ker-Gawl.

Uhlorophytum comosum (Thurb.) Baker ? Seen in gar-*

dens, 1972.
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*cordyline R. Br., non sensu B. & W.

*Cordyline fruticosa (L.) Chev. Seen, planted, 1972.

*dracaena Vand.

*Dracaena fragrans (L.) Ker.— Seen, planted in Chris-

tiansted, 1972.

PANCRATIUM L.

Pancratium declinatum Jacq. (Hymenocallis declinata

(Jacq.) M. Roem., B. & W. 5: 162). Fide Alain, Rhodora

67:324,1965.
-

*SANSEVIERIA Thunb. (Cordyline Adans., non R. Br.).

*Sansevieria hahnii Hort. — This diminutive bowstring

hemp was seen cultivated, 1972.

*Sansevieria metallica Ger. & Labory (Sansevieiia gui-

neensis sensu B. & W. 5: 150, non (L.) Willd.). Differs

most conspicuously from S. trifasciata in the lack of a

conspicuous leaf appendage and slightly wider leaves

with a narrow reddish stripe on margins. It is abun-

dantly naturalized in a number of parts of the island.

It is represented by good flowering material from Salt

River, near Morningstar, Fosberg 54061 (us, fa).

*Sansevieria trifasciata Prain— This common cultivated

species was seen around Christiansted as a pot plant.

Its very erect leaves have terete appendages at their tips.

zephyranthes Herb. (Atamosco Adans.).

Zephyranthes grandiflora Herb. (Atamosco carinata

(Herb.) P. Wils., B. & W. 5: 159).

Zephyranthes puertoricensis Traub (Atamosco tubispatha

sensu B. & W., non (L'Her.) Maza, B. & W. 5: 158).

IRIDACEAE
eleutherine Herb. ( Galatea Salisb.)

.

Eleutherine bulbosa (Mill.) Urb. (Galatea bulbosa (Mill)

Britt., B. & W. 5: 166). Fide Alain, Rhodora 67: 324,

1965.
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MUSACEAE
*MUSA L.

*Musa sapientum L. — Seen in gardens, 1972.

*RAVENALA L.

*Ravenala madagascariensis Gmel. Seen in gardens, 1972.

ZINGIBERACEAE
*alpinia L., non sensu B. & W.

*Alpinia purpurata (Viell.) K. Schum.— Seen, planted,

Cruzan Garden and Christiansted, 1972.

renealmia L. f. (Alpinia sensu B. & W., non L.).

Renealmia aromatica (Aubl.) Griseb. (Alpinia aromatica

Alibi., B.&W. 5:172).

*zingiber Adans.

*Zingiber officinale Rose. {Zingiber zingiber (L.) Karst.,

B.&W. 5:173).

ORCHIDACEAE
epidendrum L. (Anacheilium Hoffmg. ; Auliza Salisb. ; En-

cyclia Hook. )

.

Epidendrum bifidum Aubl. (Encyclia bifida (Aubl.) B. &
<W.). Ridge above Cottongarden Pt., D'Arcy 4703 (fa).

Epidendrum brittonianum Hawkes (Encyclia papilionacea

sensu B. & W. 5: 198, non (Vahl) Schltr.). Fide Alain,

Rhodora 67: 326, 1965.

Epidendrum ciliare L. (Auliza ciliaris (L.) Salisb., B. &
W. 5: 199). Fide Alain, Rhodora 67: 326, 1965.

Epidendrum cochleatum L. (Anacheilium cochleatum (L.)

Hoffmg., B. & W. 5: 198). Fide Alain, Rhodora 67: 326,

1965.

spiranthes Rich. (Beadlea Small).

Spiranthes elata (Sw.) L. C. Rich. (Beadlea elata (Sw.)

Small, B. & W. 5: 187). Fide Alain, Rhodora 67: 325,

1965.

*VANILLA Mill.

*Vanilla mexicana Mill.— Seen in gardens, 1972.
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PIPERACEAE
PIPER L. (Pothomorphe Miq.)

.

Piper peltatum L. (Pothomorphe peltata (L.) Miq., B. &
W. 5:229).

'

ULMACEAE
CELTIS L. (Momisia D ietr. )

.

Celtis iguanaea (Jacq.) Sarg. (Momisia iguanaea (Jacq.)

Rose & Standi., B. & W. 5 : 234)

.

MORACEAE
*ARTOCARPUS Forst.

*Artocarpus altilis (Park.) Fosb. (Artocarpus communis
Forst. B.&W. 5:241).

FICUS L.

Ficus citrifolia Mill. (Ficus laevigata Mill., B. & W. 5:

238).

*Ficus elastica Roxb. — Seen ; small plants planted in some
numbers, no large ones seen, 1972.

*Ficus lyrata Warb. — Seen
; planted in Christiansted.

*Ficus microcarpa L. (Ficus nitida Thunb. ; Ficus retusa

sensu auct. plur., non L.). Seen in gardens, 1972.

Ficus obtusifolia H.B.K. (Ficus urbaniana Warb., B. & W.
5:238;L.&W. 72).

Ficus trigonata L. (Ficus crassinervia Desf., B. & W. 5:

237).

URTICACEAE
laportea Gaud. (Fleurya Gaud. )

.

Laportea aestuans (L.) Chew (Fleurya aestuans (L.)

'Gaud., B.&W. 5:245).

PROTEACEAE
*MACADAMIA F. Muell.

*Macadamia integrifolia Maiden & Betche.— Seen in gar-

den, 1972.
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POLYGONACEAE
*ANTIGONON Endl.

*Antigonon guatemalensis Meisn. (Antigonon macrocar-

pum Britt. & Small, B. & W. 5: 266). Fide Alain, Rho-

dora 67: 328, 1965.
!:Antigonon leptopus H. & A. — Near Two Friends, 400',

D'Arcy 4721 (fa). Common in cultivation and becom-

ing naturalized locally.

COCCOLOBA L. (Conserved orthography. Coccolobis P. Br.).

Coccoloba diversifolia Jacq. (B. & W. 5: 267; L. & W. 76;

Coccolobis laurifolia Jacq.). Fide Alain, Rhodora 67:

329,1965 (B.&W. 269).

Coccoloba microstachya Willd. (Coccolobis obtusifolkt

Jacq., B. & W. 5: 268). Fide Alain, Rhodora 67: 329,

1965. Above W
Hayes 105 (fa).

(fa);

CHENOPODIACEAE
ATRIPLEX L.

Atriplex littoralis (Jacq.) Fawc. & Rendle (Atriplex pen-

tandra (Jacq.) Standi., B. & W. 5: 272). Fide Alain,

Rhodora 69 : 373, 1967.

AMARANTHACEAE
*achyranthes L., non sensu B. & W. (Centrostachys

Wall, ex Roxb. )

.

*Achyranthes aspera L. (Achyranthes indica (L.) Mill.;

Centrostachys indica (L.) Standi., B. & W. 5: 278).

Belvedere Estate, D'Arcy 4711 (fa) ; Cathrine's Rest,

on Granard Road, Fosberg 54102 (us, fa).

alternanthera Forsk. (Achyranthes sensu B. & W., non

L.).

Alternanthera paronychioides St. Hil. (Alternanthera

W., non (L.) R. Br., B. & W
W

non (L.) Lam.). Fide Alain, Rhodora 67: 329, 1965;

Gooding et al., Fl. Barbados 138, 1965.
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Alternanthera peploides (H. & B.) Urb. (Achyranthes

peploides (H W
portoricensis 0. Ktze. (Achyranthes porto-

ricensis (0. Ktze.) Standi., B. & W. 5: 280).

Alternanthera sessilis (L.) R. Br. ex DC. Canyon above

Altona, 200', Fosberg 54055 (us, fa) .

AMARANTHUS L.

Amaranthus viridis L., non sensu B. & W. (Amaranthus

gracilis Desl, B. & W. 5: 277) Teague Bay, W.I. Lab.,

Fosberg 53986 (US, fa).

GOMPHRENA L.

Gomphrena decumbens Jacq. Teague Bay, Hayes 161 (fa) .

NYCTAGINACEAE
BOERHAVIA L. (Commicarpus Standi.)

.

Boerhavia scandens L. (Commicarpus scandens (L.)

W
Comm

*Bougainvillea glabra Choisy— Teague Bay, W.I. Lab.,

Hay

PORTULACACEAE
PORTULACA L.

Portulaca rubricaulis H.B.K. (Portulaca phaeosperma

Urb., B. & W. 5: 300). Fide LeGrand, An. Mus. Hist.

Nat. Montev. 7(3) : 48^49, 1962.

NYMPHAEACEAE
NYMPHAEA L., non sensu B. & W. (Castalia Salisb.).

Nymphaea ampla (Salisb.) DC. (Castalia ampla Salisb.,

B.&W. 5:304).

Nymphaea ampla var. pulchella (DC.) Casp. (Castalia

rmlshella (T>CA Britt.. B. & W. 5: 304)

.

BASELLACEAE
ANREDERA Juss. (Boussingaultia H.B.K.)

.

*
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Anredera leptostachys (Moq.) Steen. (Boussingaultia lep-

tostachys Moq., B. & W. 5: 301). Fide Alain, Rhodora,
67 : 330, 1965.

LAURACEAE
CINNamomum Schaeff. (Camphora Fabr.; Phoebe Nees).

*Cinnamomum camphora (L.) Nees & Eberm. (Camphora
camphora (L.) Karst., B. & W. 5: 324).

Cinnamomum elongatum (Vahl) Nees (B. & W. 5: 319).

Fide Alain, Rhodora 67 : 331, 1965.

*Cinnamomum verum Presl (Cinnamomum zeylanicum
B1.,B.&W. 5:324).

LICARIA Aubl. (AcrodiclidiumNees).

Licaria salicifolia (Sw.) Kost. (Acrodiclidium salicifolium

(Sw.) Griseb., B. & W. 5: 317; L. & W. 112). Fide
Alain, Rhodora 67: 330, 1965.

*PERSEA Mill.

*Persea americana Mill. (Persea persea (L.) Cocker., B.

&W. 5:318; L.&W. 128).

CRUCIFERAE (Brassicaceae)

*BRASSICA L.

*Brassica oleracea L. — Seen in garden, 1972.

*R0RIPPA Scop. (Nasturtium R. Br. Sisymbrium sensu

*

B. & W., non L.). *

torippa nasturtium-aquaticum (L.) Hayek (Sisymbrium
nasturtium-aquaticum L., B. & W. 5: 329; Nasturtium
officinale R. Br.).

*Rorippa portoricense (Spreng.) Stehle— Wells Nursery,
Fountain Valley, Fosberg 54070 (us). Locally common
weed.

CAPPARIDACEAE
CLEOME L.

*Cleome viscosa L. (Cleome icosandra L., B. & W. 5

331).
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MORINGACEAE
*moringa Adans.

*Moringa oleifera Lam. (Moringa moringa (L.) Millsp

W
CRASSULACEAE

*kalanchoe Adans. (Bryophyllum Salisb.).

*Kalanchoe pinnata (Lam.) Pers. (Bryophyllum pinnatum

(Lam.) Kurz, B. & W. 5: 338).

*Kalanchoe tubiflora Hamet— Seen planted, 1972.

A number of other species of this genus are found in

gardens or escaping.

ROSACEAE
*prunus L. (Amygdalus L.).

*Prunus persica (L.) Batseh. (Amygdalus persica L.).

LEGUMINOSAE-MIMOSOIDEAE (Mimosaceae)

acacia Willd. (Vachellia W. & A.).

Acacia farnesiana (L.) Willd. (Vachellia farnesiana (L.)

W. & A., B. & W. 5: 352).

CALLIANDRA Benth.

*Calliandra haematocephala Hassk.— Teague Bay, culti-

vated, Multer 36 (FA)

.

DESMANTHUS Willd. (Acuan Medic.)

.

Desmanthus depressus H. & B. (Acuan depressum (H. &
B.) 0. Ktze., B. & W. 5:356).

Desmanthus virgatus (L.) Willd. (Acuan virgatum (L.)

Medic, B.&W. 5:356).

LEUCAENA Benth.

*Leucaena leucocephala (Lam.) deWit (Leucaena glauca

sensu B. & W., non (L.) Benth., B. & W. 5: 355).

prosopis L.

*Prosopis limensis Benth. Fide Alain. (Rhod. 67: 332).
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LEGUMINOSAE-CAESALPINOIDEAE (Caesalpinaceae)

BAUHINIA L.

*Bauhinia blakeana Dunn. — Cruzan Garden, Calquhourn,

Baumwell 7 (FA).

*Bauhinia coccinea DC. — Seen in gardens, 1972.

*Bauhinia variegata L. — Christiansted, Baumwell 1 (fa).

Cultivated.

CAESALPINIA L. (Guilandina L. ; Poinciana L.).

Caesalpinia bonduc (L.) Roxb. (Guilandina crista sensu

B. & W., non L., B. & W. 5: 378). East of south of

Westend Saltpond, west of Concordia, Baumwell 8 (fa).

Caesalpinia divergens Urb. (Guilandina divergens (Urb.)

5 : 379 ) . East of south arm of Westend& W
Baumwell 9 (fa).

Caesalpinia melanosperma (Eggers) Urb. (Guilandina

melanosperma Eggers, B. & W. 5: 380). North coast of

East End east of Cramer Park, Fosberg 54063 (us, fa).

The last two are perhaps too close together, at least as

to St. Croix specimens.

*Caesalpinia pulcherrima (L.) Sw. (Poinciana pulcher-

n'ma L., B. & W. 5:376).

cassia L. (Peiranisia Raf. ; Herpetica Raf. ; Senna Mill.;

Adipera Raf.; Ditremexa Raf.; Emelista Raf.; Chamae-

crista Moench )

.

Cassia alata L. (Herpetica alata (L.) Raf., B. & W. 5:

374).

Cassia angustifolia Vahl (Senna angustifolia (Vahl)

Batka, B. & W. 5:373).

Cassia bicapsularis L. (Adipera bicapsularis (L.) B. & R.,

B.&W. 3:370).
Cassia diffusa DC. (Chamaecrista chamaecrista sensu B.

& W., non (L.) Britt, B. & W. 5: 367). Scenic Road,

near Parasol Hill, 600 ft., Baumwell 4 (fa) .

*Cassia fruticosa Mill.— Cruzan Garden, Calquhourn,

Baumwell 2 (fa). Cultivated.
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C idulosa var. swartzii (Wikstr.) Macbr. (Cos

Wikstr. : Chamaecrista swartzii (Wikstr.) Bri

W
*Cassia javanica L. (Fide Alain, Rhodora 67: 332). (Cas-

sia nodosa Hamilt., B. & W. 5: 369). Seen in gardens,

1972.

Cassia obtusifolia L. (Emilista tora (L.) B. & R., B. & W.

5:371).

Cassia occidentalis L. (Ditremexa occidentahs (L.) B. &

R., B.&W. 5:372).

Cassia polyphylla Jacq. (Peiranisia pohjphylla (Jacq.) B.

&R.,B. &W. 5:373).

Cassia portoricensis Urb. (Chamaecrista portoHcensis

(Urb.) Cook & Collins, B. & W. 5: 367). Scenic Road,

near Parasol Hill, Baumwell 5 (fa).

LEGUMINOSAE-LOTOIDEAE (Fabaceae)

ABRUS L.

Abrus precatorius L. (Abrus abrus (L.) F. W. Wight, B.

&W. 5:411).

AESCHYNOMENE L.

Aeschynomene sensitiva Sw. East end of Airport, Kauf-

man

Lam. (GeoffreaWi

Andira inermis H.B.K. (Geoffrea inermis (H.B.K.)

Wright). Beck Grove, Fosberg 53954, 53954a (us, FA).

Fruits eaten by bats. 53954a stones picked up under bat

roost. Alain, Rhodora 69: 374, 1969 accepts the segre-

gate genus, Geoffrea Wright.

*CAJANUS DC. (Cajan Adans. )

.

*Cajanus cajan (L.) Millsp. (Cajan cajan (L.) Millsp.,

B.&W. 5:414).

CANavalia Adans. ex DC. (Conserved orthography. Cana-

vali Adans. )

.

Canavalia rosea (Sw.) DC. (Canavalia maritima (Aubl.)

Thou.. B.&W. 5:419).
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Mill

CENTROSEMA Benth. (Bradburya Raf.).

Centrosema virginiana (L.) Benth. (Bradburya virginiana
(L.) 0. Ktze., B. & W. 5:413).

christia Moench {Lourea Neck, ex Desv.).

Christia vespertilionis (L. f.) Bakh. f. (Lourea vespertili-
onis (L.) Desv., B. & W. 5: 429).

DALBERGIA L. f. (Ecastophyllum Adans.).

Dalbergia ecastophyllum (L.) Taub. (Ecastophyllum ec-
astophyllum (L.) Britt, B. & W. 5: 406).

desmodium Desv. (Meibomia Heist.; Sagotm Duch. &
Walp. )

.

Desmodium axillare (Sw.) DC. (Meibomia axillaris (Sw.)
O. Ktze., B.&W. 5:402).

Desmodium canum (J. F. Gmel.) Schinz & Thell. (Mei-
bomia supina (Sw.) Britt., B. & W. 5: 401). Bodkin

930', Fosberg 54040 (us, fa).
Desmodium procumbens (Mill.) Hitchc. (Meibomia pro-
cumbens (Mill.) Hitchc, B. & W. 5: 404).

Desmodium tortuosum (Sw.) DC. (Meibomia purpureum
(Mill.) Vail, B.&W. 5:404).

Desmodium scorpiurus (Sw.) Desv. (Meibomia scorpiurus
(Sw.) O. Ktze., B.&W. 5:403).

Desmodium triflorum (L.) DC. (Sagotia triflora (L.)
Duch. & Walp., B. & W. 5: 404).

PISCIDIA L. (1'chthyomethia P'. Br .)

.

Piscidia piscipula (L.) Sarg. (Ichthyomethia piscipula
(L.) Hitchc, B. & W. 5: 509).

RHYNCHOSIA Lour. (Dolicholus Medic.)

.

Rhynchosia minima (L.) DC. (Dolicholus minimus (L.)
Medic, B.&W. 5:416).

Rhynchosia reticulata (Sw.) DC. (Dolicholus reticulatus
(Sw.) Millsp., B.&W. 5:415).

sesbania Scop. (Sesban Adans.; Agati Adans.).

*Sesbania grandiflora (L.) Pers. (Agati grandiflora (L.)
Desv., B.&W. 5:396).
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Sesbania sericea (Willd.) DC. (Sesban sericea (Willd.)

DC, B.&W. 5:395).

*Sesbania sesban (L.) Merr. (Sesban sesban (L.) Britt.,

B.&W. 5:395).

STIZOLOBIUM P. Br.

Stizolobium pruriens (L.) Medic. (Stizolobium pruritum

(Wight) Piper, B. & W. 5: 426). Fide Alain, Rhodora

65:335, 1967.

tephrosia Pers. (CmccaL.).

Tephrosia cinerea (L.) Pers. (Cracca cinerea (L.) Mo-

rong, B.&W. 5:391).

vigna Savi

Vigna luteola (Jacq.) Benth. (Vigna revens (L.) 0. Ktze.,

nonBak., B.&W. 5:422).

OXALIDACEAE
OXALis L. (Ionoxalis Small; Xanthoxalis Small).

Oxalis corniculata L. (Xanthoxalis corniculata (L.) Small,

B.&W. 5:431).

Oxalis corymbosa DC. (Ionoxalis martiana (Zucc.) Small).

Oxalis intermedia A. Rich. (Ionoxalis intermedia (A.

Rich. ) Small, B. & W. 5 : 431 )

.

ERYTHROXYLACEAE
ERYTHROXYLON L.

Erythroxylon rotundifolium Lunan (Erythroxylon bre-

vipes DC, B. & W. 5: 433). Fide Alain, Rhodora 67:

335, 1965.

RUTACEAE
*CITRUS L.

*Citrus limon (L.) Burm. f. var. Rough, or Rough-skinned

lemon.— Seen in gardens, 1972.

*Citrus nobilis Lour. — Seen in gardens, 1972.

*Murraya Koen. exL. (Chalcas L.)

.

*Murraya paniculata (L.) Jack (Murraya exotica L.

;

Chalcas exotica (L.) Millsp., B. & W. 5: 545).
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BURSERACEAE
BURSERA L. (Elaphrium Jacq.).

Bursera simaruba L. (Elaphrium simaruba (L.) Rose,

B.&W. 5:461).

MELIACEAE
*AZADIRACHTA A. JUSS.

*Azadirachta indica A. Juss. — Seen in gardens, 1972

*CHUKRASIA A. JUSS.

*Chukrasia tabularis A. Juss.— Seen in gardens, 1972,

introduced as a timber tree.

MALPIGHIACEAE
byrsonima Rich.

rsonima coriacea var. spicata (Cav.) DC. (Byrsonima

Cav.. B. &W
rsonima Westend

pond, Fosberg 54086 (us, fa) ; Frederiksen 17-21 (fa) ;

Fosberg 55361 (US, fa, fo).

GALPHIMIA Cav.

imia glauca Cav. (Thryallis glauca (Cav.) 0. Ktze.,

W. 5:442).

heteropteris Kunth (Banisteria sensu B. & W., non L.

as to St. Croix plants, ace. Alain, Rhodora 67: 335.)

Heteropteris laurifolia (L.) Juss. (Banisteria laurifolia L.,

B.&W. 5:440).

Heteropteris purpurea (L.) Kunth (Banisteria purpurea

L., B.&W. 5:439).

MALPIGHIA L.

*Malpighia coccigera L. — Seen in gardens, 1972.

*Malpighia punicifolia L.— Seen in gardens, 1972.

STIGMAPHYLLON A. JUSS.

Stigmaphyllon periplocifolium (Desf.) Juss. (Stigmaphyl-

lon lingulatum (Poir.) Small, B. & W. 5: 441).
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EUPHORBIACEAE

adelia L. (Ricinella M.-A.)

Adelia ricinella L. (Ricinella ricinella (L.)

K • 488 ! Ricinella vedunculosa M.-A.

)

W

*CODIAEUM A. JUSS.

*Codiaeum variegatum (L.) Bl.— Seen commonly in gar-

dens, 1972.

euphorbia L. (Aklema Raf.; Chamaesyce S. F. Gray;

m (Boiss.) Britt.; Poinsettm R. Grah.)

* rum Seen in gardens, 1972.

Euphorbia articulata Aubl. (Chamaesyce articulata (Aubl.)

Britt., B.&W. 5:505).

Euphorbia cyathophora Murr. (Poinsettia cyathophora

(Murr.) Kl. & Gke., B. & W. 5: 498).

Euphorbia glomerifera (Millsp.) Wheeler (Chamaesyce

hyvericifolia sensu B. & W., non Euphorbia hypericifolia

L., B.&W. 5:501).

Euphorbia heterophylla L. (Poinsettia heterophylla (L.)

W
hirta L. (Chamaesyce hirta (L.) Millsp

W
Euphorbia hypericifolia L. (Chamaesyce nutans (Lag.)

Small, B. & W
*Euphorbia leucocephala Lotsy.— Seen in gardens, 1972.

Euphorbia mesembrianthemifolia Jacq. (Euphorbia buxi-

folia Lam.; Chamaesyce buxifolia (Lam.) Small, B. & W.

i milii Moul. (Euphorbia splendens Bojer.) Seen
5:504).

in gardens, 1972.

ianum Kl. & Gke. (Dychylium

anum (Kl. & Gke.) Britt, B. & W. 5: 499).

Euphorbia petiolaris Sims (Aklema petiolare (Sims)

Millsp., B. & W. 5: 500).

*Euphorbia prostrata Ait. (Chamaesyce prostrata (Ait.)

Small, B.&W. 5:503).
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•

*

Euphorbia pulcherrima Willd. (Poinsettia pulcherrima
(Willd.) R. Grah.) Seen in gardens, 1972.

Cuphorbia serpens H.B.K. (Chamaesyce serpens (H.B.K.)
Small, B.&W. 5:502).

Euphorbia thymifolia L. (Chamaesyce thrjmifolia (L.)

Millsp., B.&W. 5:503).
Euphorbia tirucalli L. Seen in gardens, 1972.

JAtropha L. (Adenoropium Pohl; Curcas Adans.).

*Jatropha curcas L. (Curcas curcas (L.) Britt. & Millsp.,

B.&W. 5:484).
Jatropha gossypifolia L. (Adenoropium gossypifolium (L.)

*

W
* rnma

/. 74 [really 47 in plate], 1763. Seen in gardens, 1972.
*Jatropha integerrima var. hastata (Jacq.) Fosberg, comb,

nov. (Jatropha hastata Jacq., Sel. Stirp. Amer. 256, PL
173,/. 54, 1763.)

There seems no reason to disagree with McVaugh (Bull.
Torr. Bot. CI. 72: 274-275, 1945) that the group of Jatro-

may
com
the name /. integerrima Jacq. However, some of the popu-
lations that have been given specific rank do really seem to
exist, even though based principally on leaf characters.
Jatropha hastata Jacq. characterized by broadly ovate-
cordate, hastate leaves, is one such. It may well be that
this distinctive population owes its numbers to vegetative
horticultural multiplication. However, this only indicates
a possible origin of the population, not its characteristics.
Giving it varietal rank enables us to talk about it.

Jatropha multifida L. (Adenoropium multifidum (L.)
Pohl, B.&W. 5:485).

Jatropha podagrica Hook. — Seen in gardens.

manihot Adans.

Manihot esculenta Crantz (Manihot utilissima Pohl;
Manihot manihot (L.) Cocker., B. & W. 5- 493}

*

*

*
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PHYLLANTHUS L. (CiccaL.)

*Phyllanthus acidus (L.) Skeels (Cicca disticha L., B. & W
5:475).

BUXACEAE
buxus L. ( Tricera Sw.

)

Buxus vahlii Baill. (Tricera vahlii (Baill.) Britt, B. & W
5:508).

ANACARDIACEAE
*SCHINUS L.

*Schinus terebinthifolius Raddi— Teague Bay, Hayes 135
(FA).

CELASTRACEAE
CASSINE L. (Elaeodendron Jacq.)

Cassine xylocarpa Vent. (Elaeodendron xyhcarpum
(Vent.) DC, B. & W. 5: 519).

crossopetalum P.Br. (Rhacoma L.)

Crossopetalum rhacoma Crantz (Rhacoma crossopetalum
L., B.&W. 5:517).

SAPINDACEAE
CARDIOSPERMUM L.

Cardiospermum halicacabum var. microcarpum (H.B.K.)
Bl. (Cardiospermum microcarpum H.B.K., B. & W. 5:

525).

RHAMNACEAE
COLUBRINA Rich.

Colubrina arborescens (Mill.) Sarg. (Colubrina colubrina

(Jacq.) Millsp., B. & W. 5: 536).

zizyphus Mill. (Sarcomphalus P. Br.)

Zizyphus mauritiana Lam. — Seen commonly on roadsides,

1972.

Zizyphus reticulata Vahl (Sarcomphalus reticulatus (Vahl)
Urb., B.&W. 5:534).

*
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TILIACEAE
TRIUMFETTA L.

Triumfetta rhomboidea Jacq. (Triumfetta bartramia, (L.)

W. 5: 544; Triumfetta excisa Urb., B. & W
544).

MALVACEAE
ABUTILON Mill.

Abutilon americanum (L.) Sweet (Abutilon abutiloides

W
*GOSSYPIUM L.

*Gossypium arboreum var. nadam (Watt) Prokh. (Gos-

sypium barbadense sensu B. & W. 5: 567, non L.). Fide

Alain, Rhod. 67:340, 1065.

*Gossypium hirsutum L. — Christiansted, Fosberg 53936

(US, FA).

hibiscus L. (Abelmoschus Medic.; Pariti Adans.)

*Hibiscus esculentus L. (Abelmoschus esculentus (L.)

Moench, B. & W. 5: 564). Seen in gardens, 1972.

* Hibiscus schizopetalus L. — Seen in gardens, 1972.

Hibiscus tiliaceus L. (Pariti tiliaceum (L.) St. Hil., B. &
W. 5:567).

malvastrum A. Gray

Malvastrum americanum (L.) Torr. (Malvastnim spi-

catum (L.) A. Gray, B. & W. 5: 550).

pavonia Car. (Malache Vogel).

Pavonia scabra (Vogel) Ciferri (Malache scabra Vogel,

W
SIDA L.

Sida acuta Burm. f. (Sida carpinifolia L. f.).

Sida pyramidata Desf. Teague Bay, Fosberg 53982 (US,

fa).

Sida salviaefolia Presl (Sida c recta Macf.).

STERCULIACEAE
AYENIA L.
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Ayenia insularis Crist. (Ayenia pusilla sensu B. & W., non

L.,B.&W. 5:574).

*brachychiton Schott & Endl. (Sterculia L. p.p., sensu

B.&W.).

*Brachychiton populneum R. Br. (Sterculia diversifolia

W
guazuma Adans.

Guazuma ulmifolia Lam. (Guazuma guazuma (L.) Cocker.,

B.&W. 5:575).

MELOCHIA L. (Moluchia Medic).

Melochia pyramidata L. (Moluchia pijramidata (L.) Britt,

B. & W. 5: 572). Fide Goldberg, Contr. U.S.N.H. 34:

337-341, 1967.

Melochia tomentosa L. (Moluchia tomentosa (L.) Britt.,

W S

1967, admits two varieties of this species, var. tomentosa

and var. frutescens (Jacq.) DC, from St. Croix, but the

characters by which they are separated are not convin-

cing and, at least in St. Croix, field observations do not

suggest two genetically distinct populations.

WALTHERIA

Waltheria indica var. americana (L.) R. Br. ex H
(Waltheria americana L., B. & W. 5: 573).

GUTTIFERAE (Clusiaceae)

CALOPHYLLUM L.

m lophyllum brasiliense

lanum (Britt.) Standi., L. & W. 352; Calophyllum antil

lanum Britt., B. & W. 5: 584; Synonymy ace. Howard

Jour. Arn. Arb. 43: 397-8, 1963).

FLACOURTIACEAE
XYLOSMA Forst. f. (Myroxylon Forst.).

Xylosma buxifolia A. Gray (Myroxylon buxifolium (A

Grav) Kr. & Urb., B. & W. 5: 593)

.
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PASSIFLORACEAE
PASSIFLORA L.

Passiflora foetida var. hispida (DC.) Killip— Belvedere

Estate, D'Arcy 4740 (fa).

Passiflora suberosa L. (Passiflora pallida L., B. & W. 5:

602).

CUCURBITACEAE
*CUCUMIS L.

*Cucumis sativus L. — Seen in gardens.

cucurbita L. (Pepo Mill.).

*Cucurbita ficifolia Bouche (Pepo ficifolia (Bouche) Britt.,

B.&W. 6:266).
* Cucurbita moschata (Duch.) Duch. & Pou. (Pepo mos-

chata (Duch.) Britt, B. & W. 6: 265).

lagenaria Ser. (Cucurbita sensu B. & W., non L.).

*Lagenaria siceraria (Mol.) Standi. (Cucurbita lagenaria

L., B. &W. 6:262).

CACTACEAE
Mill

Selenicereus B. & R.)

.

Hylocereus

Cereus grandiflorus (L.) Mill. (Selenicereus grandiflorus

(L.) B.&R., B.&W. 5:616).

Cereus pentagonus (L.) Harv. (Acanthocereus pentagonus

(L.) B.&R., B.&W. 5:614).

Cereus pteranthus L. & 0. (Selinicereus pteranthus (L. &
O.) B.&R., B.&W. 5:616).

Cereus trigonus Haw. (Hylocereus trigonus (Haw.) Saff.,

B.&W. 5:615).

Cereus undatus Haw. (Hylocereus undatus (Haw.) B. & R.,

B.&W. 5:615).

melocactus Link & Otto (Cactus L. p.p. sensu B. & W.).

Melocactus intortus (Mill.) Urb. (Cactus intortus Mill.).

*pereskia Mill.

*Pereskia aculeata Mill. (Pereskia pereskia (L.) Karst,
B.&W. 5:608).
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LYTHRACEAE
*LAGERSTROEMIA L.

*Lagerstroemia indica L.— Seen in gardens, 1972.

COMBRETACEAE (Terminaliaceae)

*QUISQUALIS L.

*Quisqualis indica L. — Seen in gardens, 1972.

LECYTHIDACEAE
barringtonia Forst.

*Barringtonia asiatica (L.) Kurz. Seen in 1972, planted

MYRTACEAE
Eugenia L. (Jambos Adans.).

*Eugenia jambos L. (Jambos jambos (L.) Millsp., B. & W
6:41).

*Eugenia malaccensis L. (Jambos malaccensis (L.) DC,
B. &W., 6:41).

pimenta Lindl. (Amomis Berg.).

*Pimenta dioica (L.) Merr. (Pimenta pimenta (L.) Cocker.,

B. &W. 6:42).

Pimenta racemosa (Mill.) J. W. Moore (Caryophyllus ra-

cemosa Mill.; Amomis caryophyllata (Jacq.) Krug. &
Urb., B. & W. 6: 27; Pimenta acris (Sw.) Kostel.).

PSIDIUM L.

*Psidium cattleianum Sabine— Seen in gardens, 1972.

ONAGRACEAE

W
ludwigia L. (Jussiaea L.)

.

Ludwigia erecta (L.) Hara (Jussiaea erecta L., B. &
46).

Ludwigia octovalvis (Jacq.) Raven (Jussiaea angustif

sensu B. & W.. non Lam.. B. & W. 6: 46).

ARALIACEAE
*polyscias Forst.

*Polyscias fruticosa (L.) Harms— Seen in gardens, 1972.

Polyscias guilfoylei (Bull) Bailey— Seen in gardens,

1972.
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* Polyscias tricochleata (Mig.) Fosb. Seen in gardens, 1972

*SCHEFFLERA Forst

*Schefflera actinophylla (Endl.) Harms (Brassaia actino-

phylla Endl.). Teague Bay, W.I. Lab., Multer 56 (fa).

THEOPHRASTACEAE
JACQUINIA L.

Jacquinia arborea Vahl (Jacquinia barbasco sensu B. & W.,

non (Loefl.) Mez., B. & W. 6: 62). Salt River Inlet

D'Arcy 4722 (fa).

MYRSINACEAE
ARDISIA Sw. (Icacorea Aubl.).

Ardisia obovata Desv. (Icacorea guadalupensis (Duch.)

Britt., B. &W. 6:57).

PLUMBAGINACEAE
PLUMBAGO L.

*Plumbago auriculata Lam. (Plumbago capensis Thunb.).

Teague Bay, Multer 55 (fa) .

*Plumbago indica L.— Seen in garden, 1972.

Plumbago zeylanica L. — Reported by West fide B. & W. 6:

63.

L.

similar

mis
identification of material of P. scandens and should be
deleted from the St. Croix flora.

SAPOTACEAE
manilkara Adans. (AchrasL.).

Manilkara zapota (L.) v. Royen (Achras zapota L., B. &
W. 6:67).

POUTERIA Aubl.

mu
W

multiflora

OLEACEAE
JASMINUM L.

*Jasminum fluminense Veil. Naturalized in canyon on
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m
54044 (US, FO, FA).

*Jasminum multiflorum (Burm. f.) Andr. (Jasminum

pubescens (Retz.) Willd., B. & W. 6: 80).

APOCYNACEAE
*ADENIUM R. & S.

*Adenium coetaneum Stapf. Seen in gardens, 1972.

ALLAMANDA

Allamanda hendersonii Bull. — Seen in gardens, 1972

*CARISSA L.

*Carissa macrocarpa (Eckl.) A. DC. Seen in gardens,

1972.

*NERIUM L.

*Nerium oleander L. — Seen in gardens; 0. & B. 76-78.

*Nerium oleander var. indicum (Mill.) Deg. & Greenw.

(Nerium indicum Mill.). Seen in gardens, 1972.

plumeria L. (Plumiera L., orthographic variant. B. & W.

1:87).

PRESTONIA P. Br.

Prestonia agglutinata (Jacq.) Woods. (Echites agglutinata

W
RAUVOLFIA L.

Ifia tetraphylla sensu B. & W
W

TABERNAEMONTANA L.

*Tabernaemontana divaricata (L.) R. Br. (Tabernaemon-

tana coronaria Willd.; Ervatamia divaricata (L.) Burk.).

Seen in gardens.

*thevetia Juss. ex Endl. (Cerbera sensu B. & W., non L.).

peruviana (L.) Pers. &
W
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ASCLEPIADACEAE
*CRYPTOSTEGIA R. Br.

Cryptostegia grandiflora (Roxb.) R. Br.— Seen in gar-

dens; 0. & B. 38-39.

cynanchum L. (Metastelma R. Br.)

.

Cynanchum grisebachianum (Schltr.) Alain (Metastelma
decaisneanum Schltr., B. & W. 6: 98)

.

Cynanchum parviflorum Sw. (Metastelma parviflora R.
Br., B. &W. 6:97).

matelea Aubl. (Ibatia Decne.)

.

Matelea maritima (Jacq.) Woods. (Ibatia maritima (Jacq.)

Decne., B. & W. 6:99).

SARCostemma R.Br. (Funastrum Fourn.)

.

Sarcostemma clausum (Jacq.) R. & S. (Funastrum
clausum (Jacq.) Schltr., B. & W. 6: 99).

STEPHANOTIS Thou.

*Stephanotis floribunda Brongn. — Seen in gardens, 1972.

CONVOLVULACEAE (Incl. Cuscutaceae)

EVOLVULUS L.

Evolvulus alsinoides var. linifolius (L.) Bak. (Evolvulus
linifolius L., B. & W. 6: 105)

.

ipomoea L. (Calonyction Choisy; Exogonium Choisy;
Quamoclit Moench )

.

Ipomoea alba L. (Calonyction aculeatum (L.) House, B. &
W. 6:107).

Ipomoea fistulosa Mart, ex Choisy.— Teague Bay, The
Reef, D. Smith 16 (fa).

Ipomoea hederifolia L. (Quamoclit coccinea sensu B. & W.,
non (L.) Moench, B. & W. 6: 109).

Ipomoea macrantha R. & S. (Calonyction tuba (Schlecht.)
Colla, B. & W. 6: 108; Ipomoea tuba (Schlecht.) G. Don).

Ipomoea pes-caprae subsp. brasiliensis (L.) v. Ooststr.

(Ipomoea pes-caprae sensu B. & W. 6: 113, non Ipomoea
pes-caprae (L.) L. var. pes-caprae).
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Ipomoea quamoclit L. (Quamoclit quamoclit (L.) Britt.,

W
moea solanifolia L. (Exogonium solanifolium (L.)

W
moea steudelii Millsp. (Exogonium arenarium Choisy;

moea & W
6:110).

Ipomoea violacea L. (Ipomoea tricolor Cav., B. & W. 6: 47).

jacquemontia Choisy (T'hyella Raf .)

.

Jacquemontia cumanensis var. — East Point, Fosberg

54016 (us, fa).

Jacquemontia tamnifolia (L.) Griseb. (Thyella tamnifolia

Raf., B.&W. 6:107).

merremia Dennst.

Merremia aegyptia (L.) Urb. (Ipomoea aegyptia L., B. &

W. 6:112).

Merremia quinquefolia (L.) Hall. f. (Ipomoea quinquefolia

L., B.&W. 6:114).

Merremia tuberosa (L.) Rendle (Operculina tuberosa (L.)

Meissn., B. & W. 6:118).

Merremia umbellata (L.) Hall. f. (Ipomoea polyanthes

R. &S.).

. Hall, f

.

campanulata (L.) Merr. (Rivea cam

(L.) House)

HYDROPHYLLACEAE
NAMA L. (Marilaunidium 0. Ktze.).

Nama jamaicensis L. (Marilaunidium jamaicense (L.)

Ktze. )

.

BORAGINACEAE (Incl. Ehretiaceae)

cordia L. (Calyptrocordia Britt.; Cerdana R. & P.; Var-

ronia P. Br. )

.

Varronia may be a distinct genus, judging by paly]

cal evidence (Nowicke, pers. comm.) but until its m
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logical characters are more clearly set forth we will regard

it as a well marked section of Cordia.

Cordia alliodora (R. & P.) Oken (Cerdana alliodoru R. &
P.,B.&W. 6:123).

Cordia dentata Poir. (Calyptrocordia alba sensu B. & W.
6: 123, non Cordia alba (Jacq.) R. &S.).

Cordia globosa (Jacq.) H.B.K. (Varronia globosa Jacq.,

B.&W. 6:127).

Cordia polycephala (Lam.) Johnst. (Varronia corymbosa
(L.) Desv.,B. &W. 6:127).

54062 (us).

Millsp. East End, North

*Cordia sebestena L.— Seen in gardens, 1972.

Cordia stenophylla Alain (Varronia angustifolia West, B.

&W. 6:126).

heliotropium L. (Schobera Scop.; Tiaridium Lehm.).

Heliotropium angiospermum Mun. (Schobera angiosperma
(Mun.) Britt, B. & W. 6: 135).

Heliotropium indicum L. (Tiaridium indicum (L.) Lehm.,
B.&W. 6:134).

TOURNEFORTIA L. (Mallotonia B ritt. )

.

Tournefortia gnaphalodes L. (Mallotonia gnaphalodes (L.)

Britt, B.&W. 6:131).

Tournefortia volubilis L. (Tournefortia microphylla Bert.,

W

VERBENACEAE
AVICENNIA L.

Avicennia germinans (L.) L. (Avicennia nitida Jacq.).

CLERODENDRUM L. (Siphonanthus L. ; Volkameria L. ; Clero-

dendron L. )

.

Clerodendrum aculeatum (L.) Schlecht. (Volkameria acu-

leata L., B. & W. 6: 150).

Clerodendrum indicum (L.) 0. Ktze. (Siphonanthus in-

dteL., B.&W. 6:151).
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Clerodendrum inerme (L.) Gaertn. Fide Alain, Rhodora

67: 350, 1965, but rather unlikely in St. Croix.

LANTANA L.

Lantana arida Britt. — Fide Alain, Rhodora 67 : 349, 1965.

Lantana camara var. aculeata (L.) Mold. (Lantana acu-

leata L., B. & W. 6 : 140).

Lantana insularis Mold. — Fide Alain, Rhodora 67: 349,

1965.

Lantana involucrata f. Candida Fosb. n. f. A b var. involu-

crata floribus albis differt. Flowers white, rather than

light purple. St. Croix; east of South arm of Westend

Saltpond, west of Concordia, on sand flats, Fosberg 54079

(us, type, FA).

Lantana involucrata var. odorata (L.) Mold. — Fide Alain,

Rhodora 67 : 349, 1965.

LIPPIA L. (Phyla Lour.).

Lippia nodiflora var. reptans (H.B.K.) 0. Ktze. (Lippia

reptans H.B.K. ; Phyla nodiflora var. reptans (H.B.K.)

Mold
Mart. & Gal. f. parvifolia (Mold

new comb. (Phyla yucatana var. parvifolia Moldenke,

Phytologia 2: 141, 1946; Phyla strigulosa var. parvifolia

(Mold.) Mold., Phytologia 2: 233, 1947; Phyla strigulosa

f. parvifolia (Mold.) Mold, ex Alain, Rhodora 67: 349,

1965 ; Fide Alain, I.e., sub Phyla) .

*petraea L.

*Petraea volubilis L.— Seen in gardens, 1972.

STACHYTARPHETA Medic

Stachytarpheta jamaicensis (L.) Vahl (Valerianoides ja-

maicensis (L.) O. Ktze., B. & W. 6: 144).

VERBENA L.

Verbena tenuisecta Briq. ? Seen in garden, 1972.

VITEX L.

Vitex negundo var. intermedia (P'ei) Mold. — Fide Alain,

Rhodora 67 : 349, 1965.
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ACANTHACEAE
*ASYSTASIA Bl.

*Asystasia gangetica (L.) T. Anders. — Seen in gardens,

1972.

BLECHUM P. Br.

Blechum brownei Juss. (Blechum blechum (L.) Millsp.,

B.&W. 6:210).

*crossandra Salisb.

dens, 1972.

infundibuliformis (L.) Nees. — Seen in gar-

dicliptera Juss. (Diapedium Konig.)

.

Dicliptera assurgens (L.) Juss. (Diapedium assurgens

(L.) O.Ktze., B.&W. 6:215).

*GRAPTOPHYLLUM Nees

*Graptophyllum pictum (L.) Griff.— Seen in gardens,

1972.

JUSTICIA L. (Stethoma Raf.)

.

Justicia pectoralis Jacq. (Stethoma pectoralis (Jacq.) Raf.,

B.&W. 6:218).

PSEUDERANTHEMUM Radlk.

*Pseuderanthemum carruthersii (Seem.) Guill. — Seen in

gardens, 1972.

*THUNBERGIA Retz.

Thunbergia grandiflora Roxb.— Seen in gardens, 1972.
*

RUBIACEAE
HAMELIA Jacq.

Hamelia patens Jacq. (Hamelia erecta Jacq., B. & W. 6:

233).

hedyotis L. (Oldenlandia L.)

.

Hedyotis callitrichoides (Griseb.) Lewis. (Oldenlandia calli-

*

sidewalks

& W. 6: 225). This delicate creep-

ists in moist crevices in pavement
istiansted, Fosberg 53932 (us, pa).
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Hedyotis corymbosa (L.) Lam. (Oldenlandia corymbosa L.

B.&W.6:224).

*IXORA L.

*Ixora casei Hance.— Seen in gardens, 1972.

*Ixora coccinea L.— Teague Bay, W.I. Lab., Hayes 136

(PA).

*pentas Benth.

*Pentas lanceolata (Forsk.) K. Schum.— Seen in gardens,

1972.

PSYCHOTRIA L.

Psychotria microdon (DC.) Urb. (Pstjchotria pinuktris

Sesse & Moc., B. & W. 6: 245).

Psychotria pubescens Sw.— "The Rain Forest" between

Est. Prosperity and Est. North Star, Fosberg 54069 (US,

fa) .

RANDIA L.

Randia aculeata L. (Randia mitis L., B. & W. 6: 231).

spermacoce L. (Borreria Mey.)

.

Spermacoce confusa Rendle (Spermacoce tenuior sensu

B. &W. 6:256, nonL.).

Spermacoce ocymoides Burm. f. (Borreria ocimoides

(Burm. f.) DC, B. & W. 6: 255).

Spermacoce suffrutescens Jacq. (Borreria laevis sensu B.

& W. 6: 255, non Spermacoce laevis Lam.).

Spermacoce tenuior L. (Spermacoce riparia C. & S.)

Spermacoce verticillata L. (Borreria verticillata (L.)

B. &W.2:256).

STRUMPFIA Jacq.

Mey

m maritima Jacq.— Setting Point, D'Arcy 4826

(fa).

CAMPANULACEAE (Incl. Lobeliaceae)

hippobroma G. Don (Isotoma sensu B. & W.).

Hippobroma longiflora (L.) G. Don (Isotoma longifl

(L.) Presl, B. & W. 6: 273).
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GOODENIACEAE
SCAEVOLA L.

*Scaevola taccada (Gaertn.) Roxb.— Many young plants

seen in Dots in Wells Nursery, Fountain Valley.

COMPOSITAE
(Inch Asteraceae, Cichoriaceae, Ambrosiaceae)

Bidens L. (Cosmos Cav. )

.

Bidens caudata (H.B.K.) Sch.-Bip. (Cosmos caudatus

H.B.K. B. & W. 6: 314).

CONYZA L.

Conyza apurensis H.B.K. (Leptilon chinensis (Jacq.)

Britt. B. & W. 6: 296).

eclipta L. Verbesina sensu B. & W., non L.).

Eclipta alba (L.) Hassk. (Verbesina alba L., B. & W. 6:

303).

ELEPHANTOPUS L.

Elephantopus mollis H.B.K. (Elephantopus scaber sensu

Alain, Rhodora 67: 354, 1965, non L.).

*EMILIA Cass.

*Emilia fosbergerii Nicolson— Mt. Pleasant, Scenic Rd.,

500 ft., Forbes 48 (fa) ; between Annaly and Bodkin,

650 ft., Fosberg 55326 (us, FA, FO).

eupatorium L. (sensu lato) (Osmia Sch.-Bip.; Hebeclinum

DC).
Eupatorium corymbosum Aubl. (Osmia corymbosa (Aubl.)

B. & W., B. & W. 6: 288).

Eupatorium macrophyllum L. Hebeclinum macrophyllum
(L.) DC, B.&W. 6:287).

Eupatorium odoratum L. (Osmia odorata (L.) Sch.-Bip.,

B.&W. 6:287).

Eupatorium sinuatum Lam. (Osmia sinuata (Lam.) Britt.,

B.&W. 6:288).
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*gynura Cass.

*Gynura aurantiaca DC. Seen in gardens, 1970.

LACTUCA L. (Brachyramphus DC.)

.

Lactuca intybacea Jacq. {Brachyramphus intybaceus

(Jacq.) DC, B. & W. 6: 276).

*Lactuca sativa L. Seen in gardens, 1972.

*lagascea Cav. (Nocca Cav.)

.

*Lagascea mollis Cav. (Nocca mollis (Cav.) Jacq.). Corn

Hill, Fosberg 54106 (us, FO, fa) ; East of Alexander

Hamilton Airport, Fosberg 54120 (us, fa) ; Teague Bay,

West Indies Lab., Fosberg 54141 (us, FA, fo).

pluchea Cass.

Pluchea carolinensis (Jacq.) D. Don (Pluchea odorata

(L.) Cass., B. & W. 6: 298).

SENECIO L.

*Senecio confusus Britt. N. n. w. Cathrine's Rest, Fosberg

54119 (us, FA).

XANTHIUM L.

Xanthium strumarium L. (Xanthium chinense Mill., B. &
W. 6:278).

*youngia Cass.

*Youngia japonica (L.) DC. (Crepis japonica L.). Foun-

tain Valley, abundantly naturalized around old nursery,

Fosberg 54074 (US, FA).

BOTANY DEPARTMENT
U.S. NATIONAL MUSEUM OF NATURAL HISTORY

SMITHSONIAN INSTITUTION

WASHINGTON, D.C. 20560



STUDIES ON NEW ENGLAND AGARICS, I.

Howard E. Bigelow

In the following contribution, one species in Collybia,

C. compressiceps, and two in Mycena, M. macilenta and

M. madorophila, are described as new to science. The

proper generic status for Clitocybe marginata Peck also

has been determined, resulting in the proposal of a new
combination, Callistosporium marginatum. An interesting

and uncommon Amanita of hardwoods, A. spreta of Peck,

is described from Massachusetts specimens.

The colors noted in the descriptions are those of Ridg-

way (1912).

Amanita spreta (Peck) Saccardo, Syll. Fung. 5: 12. 1887.

Fig. 1.

Agaricus spretus Peck, New York State Mus. Rep. 32:

24. 1879.

Pileus 3-11 cm broad, obtuse conic with incurved margin

at first, becoming broadly convex and finally plane, mar-

gin sometimes elevated in age, striate, slightly umbonate

at times in large expanded caps, surface subviscid but soon

dry, dull, glabrous and smooth, innately fibrillose in places

and ± radiate toward margin, dark gray brown to urn-

brinous young, becoming pale gray brown in age, disc

usually remaining dark, extreme margin pallid at times;

context thin, soft but brittle, white. Odor none.

Lamellae free or slightly adnexed, close, medium broad

(up to 12 mm), tapered at ends, white, edges crenate under

a lens.

Stipe 7-17 cm long, apex (4-) 10-15 mm thick, equal or

tapering upward, base up to 2.5 cm thick, sheathed by dis-

tinct volva, curved near base at times, stuffed, pruinose to

furfuraceous above annulus, scabrous to innately fibrillose

becoming

120
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Fig. 1. Amanita spreta (Peck) Saccardo X 1-
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Annulus white but grayish or brownish in age, mem-
branous but fragile, flared, soon pendant, only slightly

striate on top, fibrillose and dull on both surfaces, superior.

Volva white, cuplike, even or more often split at top
1-3 times, somewhat flared, up to 3.5 cm long.

Spores (9-) 10-12 (-13) X 6.5-8 ^m, elliptic, smooth, not
amyloid, deposit white /mi

hymenium pale dingy yellowish in mass in KOH. Pileus

surface hyaline in KOH, consisting of a layer of hyphae
which gelatinize, ± cylindric but usually curled and flexu-

ous, subsurface layer brownish in KOH, pigment intra-

cellular, hyphae cylindric, 2-6 (-8) Mm diam.; context of

cylindric or broad cylindric hyphae, 3-13 /mi diam., rarely

with oleiferous hyphae, clamp connections present. Hy-
menophoral trama parallel or slightly divergent in unex-
panded specimens, undulate-subparallel in old specimens,
hyphae cylindric, 2-8 am diam., or somewhat inflated, up

/mi diam mixture
cysts and hyphae, hyphae cylindric, 2-3.5 (-9) /mi diam.,

sphaerocysts 10-45 /mi diam., walls thin, clamp connections
present. Volva mostly of cylindric hyphae, 2.5-10 /mi diam.,

clamp connections large and abundant, walls slightly thick-

ened at times, occasional oleiferous hyphae, occasional el-

lipsoid cells, 27-52 /an diam.

Single or scattered. In grassy and herbaceous open area,

scattered hardwoods of beech and oak. August.
Material examined. Massachusetts: Bigelow 14723,

15797, 15805 (MASS).

In my experience, this species does not appear to be
common in New England; also, there are relatively few
reports in the literature. Pomerleau (1966) has noted
fruitings in adjacent Quebec, and of course Peck's first

specimens were found in New York State.

The distinct sheathing and free-margined volva of
Amanita spreta separates it easily in the field from most
Amanitas which have similar colors to the pileus (e.g.,

A. brunnescens, A. pantherina, A. excelsa). However, A.
phalloides has the same volval tvoe as A. svreta. and the
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umbrinous
be difficult

tinguish. Microscopic

has amyloid

and no clamp connections on hyphae of the basidiocarp.

Thus far, I know of no collections of the true A. phalloides

in New England, but its presence is quite possible in view

of the reports by Tanghe and Simons (1973) of fruitings

in New York, New Jersey and Pennsylvania.

Callistosporium marginatum (Peck) Bigelow, comb. nov.

Basionym: Clitocybe marginata Peck, Bull. Torrey Bot.

Club 29: 558. 1902.

Monadelphus marginatus (Peck) Murrill, Mycologia 7:

282. 1915.

"Pileus fleshy, rather thick, isubcampanulate, becoming

convex, obtuse or broadly umbonate, glabrous or nearly so,

dry, bay red verging to mahogany color, the margin at first

involute, flesh yellow; lamellae narrow, close, decurrent,

yellowish, reddish on the edge; stem nearly equal, stout,

hollow, glabrous, shining, yellowish marked with reddish

longitudinal lines; spores subglobose, 5 /mi long, 4-5 /mi

broad. Pileus 5-8 cm broad; stem 5-8 cm long, 6-12 mm
thick. Cespitose; growing around decaying stumps. Sep-

tember."

From the type specimens (nys) the following data on

micr characters were obtained:

Spores 5-6.5 X 3.5-4.5 fxm, elliptic, smooth, not amyloid,

some with vinaceous globules inside in KOH. Basidia 23-

40 X 6-8 «m, 4-spored, containing vinaceous globules at

times KOH
hyphae

cylindric, 2-4.5 /mi diam.; context hyphae cylindric or in-

flated, 4-13 /mi diam. Hymenophoral trama of undulate-

subparallel hyphae, cylindric or inflated, 1.5-13 /mi diam.

Oleiferous hyphae present. Clamp connections absent.

The type was collected in Maine by Viola S. White. Only

one basidiocarp is presently at Albany in the collection.
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This species is robust and less collybioid in habit than

m
this is the correct genus. The distinctive pigment globules

in the spores, the absence of clamp connections, and a wood
substrate provide the critical diagnostic characters. CaJ-

listospermum marginatum bears no resemblance in the
field to the other species known in New England, i.e., C.

luteoolivaceum (Berk. & Curt.) Singer (cfr. Bigelow and
Barr, 1966). Instead, C. marginatum as described, and
also in its dried state, recalls Tricholomopsis rutilans (Fr.)

Singer. This of course is distinguished by prominent cheilo-

cystidia, the presence of clamp connections, and a squamu-
lose pileus.

Collybia compressiceps Bigelow, sp. nov. Figs. 2, 5, 6.

holotype: Massachusetts: Leverett, Cibula & Miller (Big-

elow 15758) (mass).

Pileus 1-6 cm latus, convexus turn late convexus, inter-

dum conicus et compressus, haud striatus, glaber, udus
sed haud hygrophanus, asper, badius; contextus tenuis,

fragilis, albidus. Lamellae adnexae, confertae vel con-

fertissimae, angustae, pallido-bubalinae. Stipes 5-12 cm
longus, 5-13 mm crassus, deorsum plerumque attenuatus
et radicatus, saepe curvatus et tortuosus, cavus, striatus,

sursum bubalinus, deorsum basius. Sporae (6.5-) 7-9 X
3.5-4 /an, in cumulo eburneae. Cheilocystidia 21-65 X 4.5-

6.5 fim, irregulariter cylindrici. Hyphae fibulatae. Lig-

natilis.

Pileus 1-6 cm broad, convex with an incurved margin,
not striate, becoming broadly convex, sometimes conic by
flattening from mutual pressure, shape ± triangular at

times, slightly and broadly umbonate at times, margin
often inrolled, sometimes undulate, glabrous and moist but
not hygrophanous, surface uneven and with numerous
small bullae, reddish brown ("chocolate" when darkest,
"Hays brown" or "Kaiser brown" at times) ; context thin,

brittle, whitish ("pale pinkish cinnamon", "pale pinkish
buff"). Odor not distinctive. Taste very slightly acrid.
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.

Fig. 2. Collybia compressiceps sp. nov. X !•
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Lamellae adnexed, close to crowded, narrow (up to 3

mm), forked at times, not intervenose, anastomosed at

times, pale buff ("pale pinkish buff"), even and straight

to eye, finely crenate to fimbriate under a lens.

Stipe 5-12 cm long, apex 5-13 mm thick, conspicuously

twisted and fibrous, base usually tapered and rooting,

closely appressed— slightly adherent but not forming a

common fleshy mass, hollow, often curved and flexuous,

thin pruinate or slight pubescence in places, soon appressed
then ± longitudinally striate, pale buff above, irregularly

reddish brown below, base white mycelioid and with
rhizoids.

Spores (6.5-) 7-9 X 3.5-4 /mi, elliptic in face view, often

lacrymoid in side view, smooth, not amyloid, deposit "ivory

yellow". Basidia 21.5-30 X 4.5-7 /mi, 4-spored. Cheilo-

cystidia irregularly cylindric, 21-65 ^m long, 4.5-6.5 /mi

broad, hyaline, smooth, 2-celled at times. Pileus cutis

brown in KOH, pigment coarsely encrusted, hyphae cylin-

dric, 2.5-6.5 /im diam., intermixed with subclavate end
cells, ± 8 /mi diam., walls usually smooth, recumbent or

erect; context hyaline, hyphae usually cylindric, 4-11 /mi

diam., walls slightly thickened at times. Hymenophoral
trama of parallel hyphae, hyaline, cylindric, 3-5 /mi diam.
Oleiferous hyphae present. Clamp connections present.

Cespitose. On hardwood log. August. Known only from
the type collection at present.

By the stipe characteristics and its colored spore de-

posit, Collybia compressiceps obviously belongs to section

Striipedes. There is some general resemblance to C. fusipes
(Fries) Quelet, but this has spores 4-6 X 3-4.5 /mi, a
hygrophanous pileus, and broad, distant lamellae. In com-
parison with other taxa in the section, C. compressiceps is

distinguished from a number of them by its relatively long
spores; from the remainder, C. compressiceps is separated
by its encrusted pigments and prominent cheilocysts in

conjunction with its cespitose growth on hardwood logs.
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Mycena macilenta Bigelow, sp. nov. Figs. 3, 7-9. holo-

type: Massachusetts: Ruggles Pond, Wendell State Forest,

Bigelow 15801 (MASS).

Pileus 5-35 mm latus, convexus, striatus, interdum ele-

vatus vel lobatus, discus interdum depressus vel umbonatus,

impolitus, hygrophanus, margine umbrinus dein pallido-

fuligineus, discus atrofuscus dein fuligineus. Contextus

succosus. Lamellae decurrentes, subdistantes vel distantes,

angustae vel sublatus, cinereus. Stipes 1.5-5 cm longus,

1-2 mm crassus, succosus, pallidus vel pallido-fuligineus.

Sporae 7-9 (-10) X 4.5-5.5 (-6.5) /mi, amyloidae. Cheilo-

cystidia 40-50 X 7-11 /mi. Pilocystidia 40-100 X 10-30

Lactihyphae adsunt. Hyphae fibulatae.

um

mm
margin, becoming broadly convex, striate, margi

or lobed at times, lacerate in aere, disc sometimes

umbonate. surface moist

margin umber

"sepia"), disc blackish, slowly fading to pale gray brown

on margin and fuliginous on disc, then opaque; context

thin, firm but rather brittle, concolorous with pileus sur-

face, watery juice when broken. Odor and taste not dis-

tinctive or odor radishlike.

Lamellae short decurrent, finally moderately decurrent,

subdistant to distant, narrow to medium broad, pale cin-

ereous to cinereous, brownish in age, edges even or uneven,

not marginate.

Stipe 1.5-5 cm long, 1-2 mm thick, equal or apex slightly

enlarged, brittle, with watery juice when broken, surface

moist, glabrous or apex sometimes slightly pruinose,

straight or curved, pallid to pale fuliginous.

Spores 7-9 (-10) X 4.5-5.5 (-6.5) /xm (4-spored form),

mostly elliptic, at times subovate or subreniform, smooth,

amyloid, deposit white. Basidia 27-38 X 5.5-7.5 /mi, 4-

spored. Cheilocystidia scattered, broadly cylindric to bas-

idioid or clavate, 40-50 pm long, 7-11 /mi diam., hyaline or
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Fig. 3. Mycena macilenta sp. nov. X 1.

faintly grayish, slightly refractive, protruding one third to

one half of length. Pleurocystidia absent. Pileus: pilo-

cystidia broadly cylindric, clavate, or subsaccate, 40-100
ju.m um diam., hyaline, smooth

fim
appearing somewhat hymeniform in radial section, walls
thin or thickened, lactifers present (up to 9 am diam.).
Hym trama of interwoven to undulating-sub-
parallel hyphae, m
connections present

cylindric, 3-13 /xm diam. Clamp
)ored form).
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Scattered, gregarious or subcespitose. On Polytrichum,

soil and needles, under Pinus strobus or Alnus. July and

August.

Material examined: Massachusetts: Bigelow 15801

(type), 15709 (mass). Vermont: Bigelow 13081 (mass).

Mycena madorophila Bigelow, sp. nov. Figs. U, 10-12. HOLO-

type: Massachusetts: New Salem, Bigelow, Bigelow &
Miller {Bigelow 15484) (MASS).

Pileus 8-15 mm latus, convexus vel hemisphericus dein

planus, striatus, tandem discus subumbilicus et rugulosus,

glaber, hygrophanus, discus fuscus, margin umbrinus, pal-

lescens. Contextus succosus. Lamellae adnatae dein de-

currentes, subdistantes vel distantes, extremis angustatae,

griseus. Stipes 1.5-2.8 cm longus, 0.5-1 mm crassus,

aequalis, fragilis, glaber, sordido-pallidus vel basis fuscans,

succosus. Sporae 6-9 X 4-5 /mi, ellipticae, leves, amyloideae.

Cheilocystidia 15-35 X 6-10 ^m; pleurocystidia dispersi,

15-33 X 4-6 [xm. Lactihyphae adsunt. Hyphis fibulatae.

Muscophilus.

Pileus 8-15 mm broad, convex or hemispheric at first,

expanding slowly to broadly convex then plane, margin

striate from first, vertical but not incurved, subumbilicate

in largest caps and rugulose about disc, glabrous, moist

and hygrophanous, disc blackish and margin dark brown at

first (nearest "Saccardo's umber"), paler with expansion

then disc and striae a rather dark gray brown (nearest

"buffy brown" to "olive brown"), sordid dark buff between

striae, fading very slowly overall to pale gray brown;

context thin, soft, concolorous with surface, watery juice

when broken. Odor and taste not distinctive.

Lamellae broadly adnate then distinctly decurrent, sub-

distant to distant, moderately broad in center, narrow at

ends, not forked or intervenose, pale gray (nearest "drab

gray"), edges even and concolorous with faces.

Stipe 1.5-2.8 cm long, 0.5-1 mm thick, equal, fragile,

glabrous, dingy pallid at apex, gradually darker at base

with cap colors or dingy pallid the whole length, watery

juice when broken.
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Fig. 4. Mycena madorophila sp. nov. X 2.

Spores 6-9 X 4-5 /xm (4-spored form), elliptic, smooth,

amyloid. Basidia 22.4-43.5 X 6-8 Mm, 4-spored. Cheilo-

cystidia abundant, clavate or broad cylindric, sometimes

subfusoid and ventricose, 15-35 /xm long, 6-10 xim broad.

Pleurocystidia scattered and inconspicuous, rather refrac-

tive, subclavate or basidioid but irregular, 15-33 /xm long,

4-6 /xm broad. Pileus cutis very thin, of cylindric and

flexuous hyphae, 2.5-6 /xm diam., cells often short, some-

times slightly inflated or nodulose, hypoderm of cells 18-

40 /xm broad, remainder of context of hyphae cylindric or

somewhat inflated, 2-8 /xm diam., numerous lactifers pres-

ent (up to 11 /xm diam.). Hymenophoral trama of inter-

woven to undulate-subparallel hyphae, cylindric or slightly

inflated, 2-5 /xm diam., lactifers present (up to 8 /xm diam.)*

Clamp connections present (4-spored form).
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Figs. 5 & 6. Collybia compressiceps : 5. spores, 6. cheilocystidia;

Figs. 7 & 8. Mycena macilenta: 7. spores, 8. pilocystidia.

standard line 10 fim.
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Solitary or scattered. On wet moss or moss-covered

wood. July and August.

Material examined: Massachusetts: Bigelow 15484

(type), 15486, 15828 (MASS). Vermont: Bigelow 13378

(MASS).

Mycenas belong to section Hyd
(ss. Smith, 1947), and they are distinguished from one

another primarily by differences in cystidia. In Mycena

macilenta, pilocystidia are present and pleurocystidia are

absent, while in M. madorophila the pileus cutis is com-

posed of filamentous hyphae and pleurocystidia are present.

On the present collections of both species, there also appear

to be distinctions in habitats, the sizes of basidiocarp, and

in the degree of development in the hypodermal layers. Of

additional interest is that one collection of each species had

only 2-spored basidia. In M. macilenta {Bigelow 13081)

the spores were the same size as in the 4-spored form, but

in M. madorophila {Bigelow 13378) they were (7-) 8.5-

10 (-11) X (4-) 5-5.5 (-7) /Am. Clamp connections were

absent at the septa of hyphae in basidiocarps of both

collections.

The relationships of these two species within the section

Hydropus seem closest to Mycena umbrina Smith and

Mycena marginella var. rugosodisca (Peck) Smith. Mycena

macilenta and M. madorophila both differ from M. umbrina

by having lamellar cystidia and lacking caulocystidia. In

comparison with M. marginella var. rugosodisca, the two

species have larger spores, lack caulocystidia, and do not

grow on conifer wood.

Mycena arenaria Smith also has a number of character-

istics in common with M. macilenta and M. madorophila,

although Smith placed M. arenaria in sect. Omphalariae.

Both new species lack any caulocysts as typical of M.

arenaria. In addition, M. macilenta has larger pilocysts

which are mostly clavate or saccate while M. madorophila

has a distinct hypoderm and no pilocysts— contrary to

the nileus structure of M. arenaria.
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i j

Fig1

. D. Mycena maeil&nta, cheilocystidia. Fig's. 10-12. Mycena
madorophila: 10. spores, 11. pleurocystidia, 12. cheilocystidia.

standard line 10 jum.
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A PORTABLE ELECTRIC HERBARIUM DRIER

Allan M. Hale

em
herbarium Various

methods
lanterns (Lundell, 1956) or oil stoves (MacDaniels, 1930)
to more unique drying methods employing the heat from
shipboard engine rooms or placing specimen presses above
an automobile engine (Fernald, 1945). These drying
methods are prone to varying degrees of success, depend-
ent on the heating method and temperature used. Fernald
(1945) concluded that plant specimens dried, using arti-

ficial heat, were likely to fracture or fragment, lose nat-

ural coloration and lose some of their diagnostic char-

acters such as glaucescence. The use of forced air, with
and without heat (Maillefer, 1944) and an electric drier

for herbarium specimens using heating elements (Gates,

1950) lminate some
specimen drying. The requirement

in drying herbarium specimens while in the field is im-
portant. Botanists have become all too familiar with the
results of allowing damp specimens to be transported from
the field to the laboratory and observing the subsequent
toll taken by molds and fungi.

The objective was to develop a portable electric herbar-
ium drier which is durable, reliable, collapsible (Fig. 1)
for easy transporting and does not present a fire or fume
hazard.

MATERIALS & METHODS

The increasing importance of efficiently using limited
time in the field necessitates a system which will dry speci-
mens in a reasonable period and eliminate the effects of
molds and fungi. Dimensions for the construction nf this

135
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I
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Fig. 1

accompanying

om locally ava

(Fig.

2). The drier can be built f:

in one to two hours for a cost of under ten dollars. All

sides of the drier are Vt hardboard m It is

recommended after cutting the hardboard sides for the

drier that the inside corners of the hardboard be beveled

at a 45° angle for clearance when the continuous hinge is

opened to assemble the drier for use. Small rivets or

fasteners should be used to attach the continuous hinge

and aluminum angle to the sides of the drier. It is im-

portant to alternate the placement of the fasteners for the

continuous hinge to permit adequate clearance when as-

sembled. When the aluminum angle is attached to the long

side of the drier, the entire drier should be assembled to

allow accurate drilling of holes for the wing-nut and screw

fasteners for the removable side of the drier. After pilot

holes are drilled, the holes on the interior of the hardboard

sides should be countersunk to provide clearance. Two
li/>-inch auger holes are drilled in the centers of the two
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short sides of the drier. A series of five %-inch auger

holes are drilled toward the bottom of the two short sides

of the drier to increase air flow. Two porcelain sockets are

wired and inserted through the li/o-inch auger holes and

are secured by tightening the porcelain retaining ring. The
fully assembled drier is then set on a flat surface, a plant

press set over the top opening and power is supplied as

shown in the accompanying photograph (Fig. 3). Pro-

vision may be made for use of 6 or 12 volt D.C. automotive

lamps when using power supplied from a field vehicle. The
temperature and the drying time can be easily regulated by
installing various wattage incandescent lamps. Further

regulation of temperature is possible by using an incan-

descent lamp dimmer in the light circuit. By this means,

the heat can be varied over a considerable range dependent

on the requirements of the botanist. The circulation of

heated air is by convection currents which pass through

the press and carry moisture out of the press. The possi-

bility of using a small fan was investigated but the ad-

vantages of forced air are outweighed by using the drier

without fan, which is capable of drying specimens in 10-15

hours. An advantage of the convection drying system is

that it provides a uniform, constant heating source.

NOTE: Open coil resistance elements of the porcelain cone

variety are not recommended for use with this drier

due to the possible fire hazard and the high temper-

atures which these coils develop.

RESULTS & DISCUSSION

The method of herbarium specimen drying described

herein allows adequate time for "sweating" the specimen.

In addition, blotters may be changed and "tame" speci-

mens adjusted prior to the final drying stage, a concern

of Steyermark (1947). Observation during drying of speci-

mens indicates that control of the heat to the specimen is

of utmost importance. Camp (1946) presents a qualitative

but useful rule applicable here which is, "When a press is

too hot for the hand it is too hot for the specimens." The
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maximum
vary from 102°F (Maillefer, 1944) to 120°F (Fernald,

1945). This portable herbarium drier is designed to deliver

from 90°F to 120°F dependent on the wattage of the in-

candescent lamps used.

This portable herbarium drier has several distinct ad-

vantages over other drying methods:

1. It is portable, durable, collapsible (Fig. 3) and light

weight.

2. It presents no fire or fume hazard to the specimens in

the field or laboratory.

3. The heat may be varied to accommodate different

specimens.

4. The drier is inexpensive to construct.

This Portable Electric Herbarium Drier was designed

to adapt to a wide range of field and laboratory conditions,

though modifications of this basic design can be imple-

mented to suit the individual. Institutions or individuals

lm

ment should find this a time and space saving method

the preparation of specimens.
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DOES ARENARIA RUBELLA OCCUR ON THE
BRUCE PENINSULA OF ONTARIO?

J. K. Morton

Krotkov (1940) reported the discovery of Arenaria ru-

bella (Wahlenb.) Sm. on the limestone cliffs above Drift-

wood Cove on the northern shores of the Bruce Peninsula.

The record was published under the name A. verm var.

propinqua Fern., a taxon currently referred to A. rubella

(Fernald, 1950) or Minuartia rubella (Wahlenb.) Graebn.

(Hulten, 1968) depending on the interpretation of the

of the genus Arenaria. This record is taken up in

the recent checklist of the flora of the Bruce Peninsula

(Shivas et al., 1969) and by Hulten (1968). This record,

if correct, is of interest because the Bruce Peninsula lies

limits

main

in the arctic lowlands of North America (see map in

Hulten, 1968). The species also occurs in eastern North

America in isolated stations in Quebec (on the south .side

of the St. Lawrence) and in northern Vermont.

The record of the existence of this species on the Bruce

Peninsula is based on two specimens in the herbarium of

the University of Toronto— Krotkov, 7415, collected in

August 1933 and determined by Fernald in that year, and

9012, collected in August 1934 and determined by Krotkov.

I examined this material a year or two ago and concluded

that it was probably more correctly referable to Arenaria

stricta Michx., but both specimens are small and probably

made me hesitant in my
m This summer I visited Driftwood Cove

common

some parts of the limestone cliff top, confirmed my id

cation. Added confirmation came from a chromosome

and from cultivation of material in the garden whe

plants lost some, though not all, of their stunted a]

ance. The diploid chromosome number of A. stricta and

from 30. That of
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A. rubella is 2n = 24 in the many populations which I and
other workers have examined from across North America.

Morphologically Arenaria striata differs from A. rubella

in having the midvein of the leaves much stronger and
more conspicuous than the marginal veins, and also in

having larger seeds. Also the petals are larger, broader

and more conspicuous. Unfortunately, the leaf character

is not wholly reliable and overlap occurs ; whilst in the very

dry, exposed habitat in which the Driftwood Cove plant

grows, desiccation often arrests the development of the

seed. In living plants the habit differences between these

species are clear cut and distinct, A. stricta being a diffuse,

loosely tufted, long-lived perennial, often forming large

mats several decimetres across, whilst A. rubella is a

densely tufted annual or short-lived perennial forming
small, tight cushions from a centimetre to nearly 2 deci-

metres across. Under cultivation the Driftwood Cove
material assumes all the above mentioned characters of

A. stricta and unquestionably belongs to this species— a

species which is common on the limestone pavements on

various parts of the Bruce Peninsula. Stunted plants

similar to those at Driftwood Cove occur in other exposed

habitats — e.g., on Yeo Island between the Bruce Peninsula

and Manitoulin Island.
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SPOROBOLUS AIROIDES TORREY,
AN EXTENSION OF ITS RANGE IN

LINCOLN, NEBRASKA SALT MARSHES

Irwin A. Ungar

Sporobolus airoides Torrey was collected at a saline lo-

cation on the west side of Lincoln, Nebraska on July 1,

1968 (Ungar 1251, bho). This collection site is the eastern-

most extension of the range of this species in Nebraska.

Hitchcock (1950) reports S. airoides from Kansas and

western Nebraska. Gates (1940) indicates that it occurs

in Shawnee County, Kansas which is about 120 miles south

of the Lincoln, Nebraska location. Its chief center of dis-

tribution is in the southwestern region of the United States

(Hitchcock, 1950). Field research by Ungar (1970) in

South Dakota and Redmann (1972) in North Dakota in-

dicates that it is not present in saline soils in these states,

must

most

Sporobolus airoides was found growing in a single com-

munity in the Lincoln marsh area on the south side of

Highway 6-2. This study site wasThis study site was moderately saline witn

a soil salinity averaging 0.2% and a median pH of 7.8.

The plants made robust growth and fruiting material was

found, but during the 1968 and 1969 growing seasons it

did not invade the more highly saline marsh soils. Species

occurring with S. airoides at this location included Kochia

scoparia Schrad, Ambrosia artemishfolia L., Melilotus of-

ficinale Lam., Distichlis stricta (Torr.) Rydb., Sporobolus

texanus Vasey, and Hordeum jubatum L.

The introduction of Sporobolus airoides into this area

may be due to human intervention since there is a railroad

yard in this vicinity. It is certainly possible that the rail-

roads are responsible for the long distance dispersal of

S. airoides into eastern Nebraska. The availability of a

saline site provided an ideal habitat for its establishment.

The saline marsh habitats have several open ecological
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niches, one of which is occupied by the introduced species

Tamarix pentandra Pall, in the southern prairie region and

the southwest. Possibly, if the distribution of S. airoides

in southern saline locations can be used as an indicator,

S
marshes,

a commu
halophyt

some

Suaeda depressa (Pursh)

Wats., Sesuvium verrucosum

are nearly always limited to saline environments and their

immediate surroundings. However, other species, such as

Hordeum jubatum, Kochia scoparia, Polygonum aviculare

L. and Sporobolns airoides, can be found growing under

nonsaline conditions. The latter four species could be con-

sidered a^orressive weeds under certain conditions.
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FLAT-ROCK ENDEMICS
IN GRAY'S MANUAL RANGE

A. M. Harvill, Jr.

In early November of 1973 we fortuitously encountered

a granitic flat-rock area in Brunswick County, Virginia,

whose vegetation was instantly recognized as differing

from the usual type so common in the state. One pecu-

liarity of these flat-rocks is the absence of Selaginella ru-

yestris (L.) Spreng, for elsewhere in Virginia this species

is a virtually ubiquitous member of the vegetation border-

ing expanses of siliceous rocks.

Crotonopsis elliptica Willd., Hypericum gentianoides (L.)

BSP., Opuntia compressa (Salisbury) Macbride, old in-

florescences of a Minuartia, and old rootstocks of a Tali-

num abounded. There was also a reddish Portulaca, old

fruit stalks of an odd crassulaceous plant and a Cyperus
resembling C. aristatus Rottboell, but much more robust,

dominated large areas. We had by chance come upon
granitic exposures whose borders and weather pits were
abundantly vegetated with at least three southeastern

flat-rock endemics. And oddly enough, these outcrops are

within the area of intensive explorations made by Professor

M. L. Fernald (1945) about three decades ago.

The odd crassulaceous plant, of course, is Diamorpha
Smallii Britton, long considered a monotype and known
on sandstone and granitic flat-rocks from Tennessee and
Alabama to Georgia and the Carolinas. Although some
would place the plant in the genus Sedum, its carpels are

unique. They neatly dehisce by a vertical separation of the

dorsal portion as shown in the clear and beautifully exe-

cuted drawings of the late Maud H. Purdy in a paper by
Svenson (1941). Moreover, because Diamorplia has an n
chromosome number of 9, Baldwin (1940) suspects the

genus of being an amphidiploid derived from 4- and 5-

chromosome representatives of the genus Sedum. Both
Henry Svenson, who worked with Diamorpha in the field
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and laboratory, and J. T. Baldwin, who studied the phylo-

genetics of the Crassulaceae by chromosome analysis, still

feel that Diamorpha is a valid genus (personal communi-

cations).

Seeds of Diamorpha which were planted in the green-

house early in November germinated within a few days.

When placed outside in the sun, the seedlings started to

turn red. And when the flat-rocks were revisited in late

January, shallow weather pits were already striking in

appearance with their thickly-sprinkled carnelian-colored

seedlings of Diamorpha.

The Portulaca, which is abundant on border zones and

islands, is P. smallii P. Wilson, long known as a granitic

flat-rock endemic. Its previously known range was from

Georgia to North Carolina, and it is a relative of P. pilosa

L. of the coastal plain.

And the third endemic, Cyperus granitophilus McVaugh,
appears to be an exceptionally robust, aggressive, and ces-

pitose type of C. aristatus, yet, two experienced and con-

servative cyperologists, Hugh O'Neill (1942) and Henry
Svenson (personal communication), attest to its specific

status. Furthermore, Murdy (1968) shows that C. grant-

tophilus has consistently higher chromosome numbers,

ranging from ca. 80 to 96 (2n), than its apparent pro-

genitor, C. aristatus, which has ca. 48, 56, or 64.

I have seen Cyperus aristatus, a smaller plant with

stipitate achenes, only from Loudoun, Fairfax, Albemarle,

and Bedford counties in Virginia, and the coarser, more
aggressive plant with non-stipitate achenes, C. granito-

philus, only from these flat-rock areas of Brunswick County
on the southeastern edge of the piedmont.
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A PHOTOCOPIER AS AN AID
DRAWING PLANTS

Mary I. Moore

This paper describes a technique to reproduce plant

forms as silhouettes or line drawings with the aid of a

photocopier. The method is accurate and acceptable where

life-sized or reduced illustrations can be used. It is not

enlargement

quired to show detail.

ma
Model 2400. Herbarium specimens

are seldom satisfactory for they are shrunken and often

folded on the sheet. Plants normally do not lie flat so the

cover is left open and the specimen covered with a sheet

of bond paper; for white flowers a black cover will give

better contrast. Plants that are larger than the m
maximum

form a com

The copy is examined for areas where line details are

not clear and these are touched up with a sharp pencil

using the living plant as a guide. From this copy a black

and white line drawing or silhouette is made, substituting

other inflorescences, leaves or plant parts when necessary

to form an attractive but accurate whole. The drawing is

made on semi-transparent paper using a light table and

improves

medium to fine nibs ; use of a magnify-

the quality of the work. Long fine lines

can be drawn with a minimum of error by using short

strokes with a fine nib. The completed drawing is then

photographed and reduced to a suitable size.

This technique was first used to illustrate a popular

pamphlet on common grasses. It produced attractive two-

dimensional illustrations of the whole plant, including the

root system. The illustrations were all reduced to the same

scale as an aid to identification. Since several of them
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were in excess of four feet tall, a photographic reduction

to one-eighth of the original size was necessary to fit the

pages of the pamphlet. Despite the extreme reduction, in

only two of the twenty-four drawings did the finest lines

disappear and need retouching.

The technique has since been extended to reproduce

silhouettes of ferns and outlines of other plants. These

illustrations are as good as, if not better than original

drawings ; they are not an artist's impression but an actual

reproduction with accurate proportions for a given speci-

men.

A further refinement is possible using a reducing photo-

copier, such as Xerox Model 7000. The black and white

drawings (if not too large) are processed through the

machine one or more times so that the plants appear as

one-half or one-quarter of their original size. These re-

duced replicas are very useful in planning and laying out

illustrated articles. They are also sufficiently clear for

further reproduction when limited numbers of copies are

required for a special project.

It is possible for one person to collect and photocopy

enough suitable material for drawings of many trees,

shrubs, herbs and larger mosses in one growing season.

A factor to be considered, if many plants are to be handled,

is the availability of a good photocopier near the source of

vegetation. In summer, for instance, a delicate fern must
be picked on a cool morning and copied at once; in cool

weather small or sturdy plants can be kept for a few
hours in a plastic bag, or sometimes overnight in a re-

frigerator.

There is probably little difference in time or cost be-

tween this method and making original drawings when a

taxonomist (or his assistant) has some artistic ability.

The effort and skill required to collect fresh material and
ink the final illustrations is the same. The real advantage
is that once the material has been gathered the art work
can be completed at a convenient time and secondly, that
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illustrations can be produced where an artist is not avail-

able or not within the budget.

PETAWAWA FOREST EXPERIMENT STATION

CANADIAN FORESTRY SERVICE

DEPARTMENT OF THE ENVIRONMENT
CHALK RIVER, ONTARIO



OLD AND NEW LOCALES IN THE MAINE FLORA:

Botanical excursions in Maine during 1972 and 1973 have

resulted in the discovery of plants long forgotten or un-

reported for many years, as well as some new plants not

previously reported for the state.

Habenaria leucophaea (Nutt.) Gray. Crystal Bog, Crys-

tal Station, Aroostook County. The Prairie Fringed Orchid

was first discovered at Crystal Bog at the turn of the

century. This is the only known location for this rare

orchid in New England. It was collected by 0. W. Knight

on July 30, 1906, and by M. L. Fernald on August 24, 1907,

and on August 13, 1909. No further collections were made
until July 18, 1955, when Ted Wells and A. S. Pease col-

lected H. leucophaea for the New England Botanical Club.

On that occasion they reported seeing twenty or more
plants.

The late Byron Hand of Caribou, records the following

observations in his diary: July 25, 1959— Twenty-one
plants seen; July 21, 1960— Five plants seen; 1961, No
record; July 26, 1962— No plants seen; July 31, 1963—
Three plants seen; July 31, 1964— One plant seen.

On July 16, 1972, Ted Wells of Milton, Massachusetts,

and I found six plants in flower in the open part of the

bog. The orchids stood in shallow water. On a subsequent

visit to the same area this past summer I did not find any
plants.

Woodsia obtusa (Spreng.) Torr. Pease Mountain, Corn-
ish, York County, August 9, 1973. While crossing the

exposed ledges on the southwest side of the mountain, I

came across many large clumps of this unusual fern grow-
ing in crevices with Woodsia ilvensis. (Woodsia obtusa

had been found in Maine only once before, over thirty years

ago, in Winthrop, Kennebeck County.)

Pease Mountain is a contact metamorphic formation in

which many calcium bearing and associated minerals can
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be found, such as calcite, vesuvianite, diopsite, and esson-

ite garnet. This formation would account for the varied

and unusual plants found here. The primary forest trees

are Ostrya virginiana and Tilia americana with an occa-

sional Juniperus virginiana var. crebra at the base of the

mountain. The forest floor is open and rocky with thou-

sands of Hepatica americana growing everywhere. Other

plants of interest found on Pease Mountain are Asplenium

platyneuron, Asplenium Trichomanes, Hystrix patula,

Carex platyphylla, Epipactis HeUeborine, Geranium Ro-

bertianum, Arabis laevigata, and Conopholis americana.

Hystiix patula and Arabis laevigata are also new to the

county.

Diplotaxis tenuifolia (L.) DC. Gilead, Oxford County,

October 6, 1973. This European mustard, commonly called

Wall Rocket, was found growing in railroad ballast one

mile from the Shelburne, New Hampshire, line. This plant

had never before been found in the state- According to

Seymour's "Flora of New England", D. tenuifolia had not

been collected in New England since 1912.

Kalmia latifolia L. Bear Den Road, Wells, York County.

Mountain Laurel is one of the rarer plants found in this

state. Most of the known stations previously reported have
now disappeared. One of the better known occurrences

was in the town of Wells. At one time K. latifolia could be

found growing in six different areas within the town. It

was last reported from Wells on June 23, 1955, when Dr.

Ann Perkins led the Josselyn Botanical Society members
to one such area.

Early in the fall of 1973 I was fortunate enough to meet
a man from Wells who knew of an existing stand of Moun-
tain Laurel. Following his directions, on November 10,

1973, Christopher Campbell of Orono and I found the area

he described. The plants were growing in low, wet, maple
woods with yews. The Kalmia latifolia densely covered
approximately two acres. Other interesting plants growing
in the immediate area were Rhus vernix and Lindera ben-

zoin.
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New Photographs were deposited
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BAPTISIA TINCTORIA (LEGUMINOSAE) NEW TO
WISCONSIN: While on a plant taxonomy class field trip

on July 16, 1969, I discovered an unusual legume with

chrome-yellow flowers that Dr. Hugh H. litis immediately

identified as Baptisia tinctoria (L.) Vent. (Wild indigo).

The plants were growing in sand on a low ridge along the

south side of Rowan Creek in a village park li/> miles west

of Poynette, Columbia County, Wisconsin (SE V4 sec. 33,

TUN, R9E). Our collection (T. Cochrane, H. litis, & class

838, gh, mil, us, uwm, wis, and others) constitutes a new

record for the flora of the state. Larisey (Ann. Mo. Bot.

Gard. 27: 119-244. 1940) Mich

same
Minnesota, and Gleason and Cronquist indicated

(Man. Vase. Pis., p. 401. 1963). The

locality nearest to the Wisconsin station is in northeastern

Illinois, where according to Swink (Pis. Chicago Region,

p. 51. 1969) Baptisia tinctoria was collected long ago in

Cook County. The latter station marks what must be

regarded as the northwestern limit of the range of the

species, inasmuch as its occurrences .in southeastern Min-

nesota (Morley, Spring Fl. Minn., p. 173. 1966), south-

western Minnesota (Larisey, 1. c, p. 188), and south-cen-

tral Wisconsin are believed to be introductions. Since sandy

areas in the southern portion of Wisconsin have been

botanized thoroughly, including the very locality stated

above, and since the habitat is ecologically receptive, both

by its nature and by occasional human disturbance, the

Wisconsin record and undoubtedly also those records from

Minnesota and Florida (Larisey, 1. c, p. 185) represent

peripheral isolated populations which can only be interpre-

ted as the result of sporadic long-distance dispersal.

dry which

brushy Quercus

rens. Baptisia tinctoria is locally quite common here, form-

ing a loose colony scattered for 100 yards along an aban-

doned lane and associating with Rumex acetosella, Talinum

rugospermam, Lespedeza capitata, Amorpha canescens,

virginiana
.
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Ceanothus americanus, Aureolaria pedicularia var. ambi-
gens, and Antennaria neglecta. I returned to the area with
a companion during mid-August, 1970 (T. Cochrane & B.

Warnes 2097, 19 Aug. 1970, WIS), and early September,
1973 (T. Cochrane & B. Cochrane 5749, 2 Sept. 1973, MICH,
min, WIS), and observed that the wild indigo was forming
fruits. Forty-two plants were counted, the largest with

22 stems from the base and up to 1.1 m tall. Some were
small, single stemmed and without flowers, indicating that

the plants are reproducing. Additional associates seen at

the time of the second visit were Helianthemum canadense,
Lithospermum caroliniense, Pedicularis canadensis, Rud-
beckia hirta, Gnaphalium obtusifolium, and Solidago nemo-
?*alis. Later in the season Aster azureus was in full bloom,

making it the most showy species present ; but the Baptisia

dominated the herbaceous flora by its size, while the grasses

dominated by their numbers. In the driest parts of the

area Eragrostis spectabilis was the most common grass,

with Leptoloma cognatum, Koeleria macrantha, Boutelova
hirsuta, and Andropogon scoparius also being important
components of the vegetation. Other graminoids included

Juncus tennis, Cyperus filiculmis var. macilentus, Carex
muhlenberg \i , Agropyron repens, A. trachycaulum var.

glaucum, Sporobolus cryptandrus, Aristida basiramca,
Sorghastmm nutans, Digitaria sanguinalis, and Panicum
virgatum. The oak barrens habitat is frequently described

as being of "sterile" quality because its very sandy soils

have high temperatures, low water supply, and lack nutri-

ents. Yet in Wisconsin the barrens flora cannot be fairly

characterized as depauperate, since it contains fully 70%
as many species as comprise the state's dry forests, 88%
as many as the more mesic oak openings, and 21% more
than the dry prairies.

Larger leaflets in our material of Baptisia tinctoria are
1.5-2.6 cm long and 0.9-1.3 cm wide, fitting the description

of var. crebra Fern. This variety was maintained by its

author (Fernald, Rhodora 47: 94. 1945; Gray's Man., ed.

8, p. 887. 1950) and by the monographer (Larisey, 1. c,
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p. 185) ; others state (Clausen, Rhodora 46: 281. 1944) or
imply (Gleason & Cronquist, 1. c.) that a sepa
for those individuals larger in habit and leaf (

is not justified.

'ate name
imensions

THEODORE S. COCHRANE
HERBARIUM, DEPARTMENT OF BOTANY
UNIVERSITY OF WISCONSIN-MADISON
53706



TWO NOMENCLATURAL CHANGES IN SENECIO:

Some recent bibliographic work in Senecio has revealed

two forgotten specific epithets which have nomenclatural

priority over two widely-known names. The type specimens

for both were located in the British Museum by Dr. Arthur

Cronquist, and photographs were supplied through the

kindness of J. F. M. Cannon, Deputy Keeper of the De-

partment of Botany, British Museum (Natural History).

Senecio schweinitzianus Nutt. (Trans. Am. Phil. Soc. 7:

413. 1841) must replace the familiar S. robbinsii Oakes

ex Rusby (Bull. Torrey Club 20: 19. 1893). The original

publication of S. schweinitzianus describes it as being "In

mar
7 7 ^^

S. caroliniana in his herbarium, but not, apparently, the

plant of Sprengel." The holotype (in herb, bm) bears the

following inscriptions: "Senecio *schweinitzianus" (with

Nuttall s well-known asterisk indicating a new entity) and

"S. carolinianus Schw." The specimen consists of a flower-

ing stem with two attached and one unattached basal leaves

plus two cauline leaves, providing no doubt that it belongs

in the entity long-called S. robbinsii. This taxon occurs

primarily in New England and adjacent Canada and New
York, but it is also well known on the Appalachian moun-

tain tops of western North Carolina, e.g., Roan Mountain

(cf. Barkley, Trans. Kans. Acad. Sci. 65: 318-408. 1962).

Senecio cijmbalaria Pursh (Fl. Am. Sept. 2: 530. 1814)

must replace S. resedifolius Less. (Linnaea 6: 243. 1831),

which (Mem
Acad. Petersb. 5: 576. 1818). The original description

notes the locality as "On the northwest Coast. D. Nelson

in herb Banks." The holotype is in the collection of Sir

Joseph Banks in the herbarium of the British Museum,

and written on the back of the specimen is the following:

"Northwest Coast of America, Cape Newnham, Mr. Nel-

son." Cape Newnham (i.e., Cape Newenham) is in south-

western Alaska at approximately 59°N, 162°W. The type

consists of four small nlants mounted on the single sheet;
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each plant has the characteristic "boreal aspect" and falls

easily within the circumscription of the taxon, which is

called S. resedifolius elsewhere (Barkley, op. cit).

Detailed synonomies for these two taxa are included in

the forthcoming treatment of Senecio for the North Ameri-

can Flora, to be published by the New York Botanical

Garden.

T. M. BARKLEY
HERBARIUM, DIVISION OP BIOLOGY

KANSAS STATE UNIVERSITY

MANHATTAN, KANSAS 66506



ELEOCHARIS PARVULA (R. & S.) LINK NEW TO
ILLINOIS: The wide ranging Eleocharis parvula (R. & S.)

Link is represented in eastern North America only by

variety parvula, which occurs in wet saline soils mostly

along the east coast from Newfoundland south to Florida

and Texas. A few inland stations have also been reported

for this variety, but in the central United States its dis-

tribution is limited and very sporadic. Svenson (1929,

1934), in an extensive study of the genus, reported that he

had seen no specimens of E. parvula var. parvula from the

interior except from New York and Michigan. Later,

Fernald (1950) included Minnesota in this list, while more

recently Steyermark (1963) reported its occurrence in five

counties in Missouri. The authors have recently found this

variety growing in east-central Illinois. The population of

E. parvula var. parvula was found growing on a fairly

level, muddy beach at the south edge of a small pond. The

beach, which had been revealed by the low level of the

pond, was caused by a prolonged summer drought. It was
nearly covered by a green carpet of this species which

extended over an area about 12 m long and 3 m wide. A
number of common shoreline species were found scattered

among this carpet of E. parvvla. These included Cyperus

acuminatus Torr. & Hook., Cyperus ferruginescens Boeck.,

Eleocharis obtusa (Wild.) Schult., Ammannia coccinea

Rottb., Rotala ramosior (L.) Koehne., Bidcns frondosa L.,

Xanthium commune Britt., and Phyla lanceolata (Michx.)

Greene. Illinois: COLES county: beach of a small pond just

east of Charleston at the edge of state route 16 (NWVi,
Sect 13, R9E, T12N), 4 October 1973, Ebinger & Nyboer
14005 (Eiu) ; 9 October 1973, Ebinger & Nyboer 14089

(EIU, ILLS, ISM, SIU).
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THE ANDROECIUM OF SURIANA MARITIMA

Almuth H. Tschunko and Norton H. Nickerson

One member of the flora of the Jewfish Chain in the

central Bahamas, the flora of which will be more fully

described elsewhere (Nickerson et al., 1976) is Suriana

maritima L., the Bay Cedar, a shrub found along open

shores above high-tide line. Petal fall and stamen drop

mor ling anthesis. In Janu-

ary, 1971, half-way through the five-month winter dry

season, 20 flowers and buds from three plants on Hum-

mingbird (Jewfish) Cay and 15 from two plants on Coakley

Cay (the two islands lie about four miles apart in the

Jewfish Chain) were dissected and compared in the lab-

oratory. In January, 1972, 32 buds from 7 plants on Hum-

mingbird Cay and 25 buds from 4 plants on Coakley Cay

were dissected while still unopened and attached to the

plants. No differences in androecial patterns occurred in

comparisons between either successive years or different

islands.

Britton and Millspaugh (1920) described this monotypic

mens
stamens. We found the number

from

ad 10 stamens but always ha

members of the androecium

emain

combinations of fertile stamens and staminodia. On both

Coakley Cay and Hummingbird Cay, the most commonly-

occurring androecial situation in 92 flowers examined was

5 stamens and 5 staminodia. The range was from 5 and

to 8 and 1 for stamens and staminodia, respectively. The

five fertile stamens were always very slightly inward of

any outer row members and always opposite the sepals

(thus obdiplostemonous), and had long subulate filaments

The remaining (outer row) members of the androecium

were always opposite the petals, their subulate filaments

iThis study was supported by grants made to Tufts University

by the Hurdle Hill Foundation and the Arnold Bernhard Foundation.

162



1976] Suriana— Tschunko & Nickerson 163

were invariably shorter and, if present, the anthers easily

abscised. Staminodia were the same size and shape as the

filaments of these shorter stamens.

Britton and Millspaugh (1920) cited Lindley (1836),
which we could not obtain for examination. In Lindley's

(1847) 2nd edition of the Vegetable Kingdom, he quoted
for Suriana his own first edition of the same book (1837)
as follows: "Stamens indefinite, hypogynous, placed in a
single row; filaments subulate"; he quoted Arnott (1834),
with confirmation attributed to Endlicher, that "stamens
are opposite the (5) sepals." Lindley figured only one sta-

men, which he had adapted from an unnamed 1820 source.

Arnott's (1834) description was: ".
. . stamens 5, alternate

with the petals, sometimes with 5 alternating ones that are

occasionally abortive, all inserted with the petals, filaments

persistent, distinct, subulate from a broad base. . .
." Our

findings support this description in part. Earlier, Linnaeus
(1753), in his Species Plantarum, classified Suriana in his

Pentandria Pentagynia. In Edition 2 of his Genera Plan-
tarum (1742), Linnaeus noted, for Suriana, "filaments 5";

again in Edition 5, 1754, his observation was the same.
Yet in Edition 6 (1764) Linnaeus classified Suriana under
the Decandria Pentagynia. Possibly he assumed the miss-

ing members or parts were lost in the handling of his

specimens.

Airey-Shaw's (1966) compendium
om

Florida and Cuba. She observed that the stamens were
obdiplostemonous, with those of the outer row sometimes
sterile and sometimes missing. Those of the inner row she

found always to be fertile. Her findings are in agreement
with ours, but she did not mention filament size differences

between the two rows. The amended description of Suriana
maritima L., family Surianaceae, is: Obdiplostemonous
androecium of 5 (up to 10) fertile members inserted just

above the petals ; stamens opposite the sepals 5, with subu-
late filaments : stamens or staminodia opposite the petals

0-5, with shorter subulate filaments.
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NOTICE:
STUART KIMBALL HARRIS MEMORIAL FUND

A small fund for the benefit of Rhodora has been estab-

lished in memory of Stuart Kimball Harris, an Associate

Editor of this Journal for many years. He also served the

New England Botanical Club as its Recording Secretary
for repeated terms of office, as a member of the Council.

time

many of whom
of the existence of the fund, may wish to add to it. Con-
tributors are invited to write to:

Dr. Herman R. Sweet, Treasurer

New England Botanical Club
22 Divinity Avenue
Cambridge, Mass. 02138
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INSTRUCTIONS FOR CONTRIBUTORS TO RHODORA
Manuscripts should be submitted in duplicate and should

be double-spaced or preferably triple-spaced (not on cor-

rasable bond), and a list of legends for figures and maps
provided on a separate page. Footnotes should be used
sparingly, as they are usually not necessary. Do not indi-

typ

scoring, specimens, except
names of species and genera may

indicate italics in discussions. Specimen citations should
be selected critically especially for common species of broad
distribution. Systematic revisions and similar papers should
be prepared in the format of "The Systematics and Ecology
of Poison-Ivy and the Poison-Oaks," W. T. Gillis, Rhodora
73: 161-237, 370-443. 1971, particularly with reference to

the indentation of keys and synonyms. Papers of a floristic

nature should follow, as far as possible, the format of
"Contribution to the Fungus Flora of Northeastern North
America. V.," H. E. Bigelow & M. E. Barr, Rhodora 71

:

177-203. 1969. For bibliographic citations the Botanico-
Periodicum-Huntianum (B-P-H, 1968), which provides a
complete set of standardized citation abbreviations for
journals originating before 1966, should be consulted. All
abbreviations in the text should be followed by a period
except those for standard units of measure and direction
(compass points). For standard abbreviations, and for
guidance in other matters of biological writing style, con-
sult the CBE Style Manual, 3rd ed. (original title: Style
Manual for Biolos-ical Jonrnal.O.
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FLORAL BIOLOGY OF PROBOSCIDEA LOUISIANICA
(MARTYNIACEAE)

John W. Thieret

In July 1973, while on the faculty of the University of

Oklahoma Biological Station, I studied the floral biology

of the unicorn plant, Proboscidea louisianica (Miller)

Thellung. A few additional observations were made in

August, 1974, in Salt Lake City, Utah, on plants of this

species in a home garden. Results of my study are re-

ported in this paper. Previously I had sought in vain for

published information on most aspects of this subject.

Bracketed data below refer only to Utah plants ; otherwise,

the account is based on Oklahoma plants although almost

all data apply to western Proboscidea as well.

The ten individual Oklahoma plants observed were in a

sandy grazed field overlooking Lake Texoma, 1 mile west

of Willis and 2 miles west of the Biological Station, Marshall

County. ts, prominent

Monarda vu%

Helen Grasses in-

cluded Axonopus affinis, Cenchrus pauciflorus, Cynodon

dactylon, Eragrostis sessilispica, and Tridens albescens.

Observations were begun on 1 July and were concluded

on 21 July. During the first three days (not successive),

I watched the flowers for a half-hour period every four

hours throughout the day. Because no insect or other visi-

tors to the flowers were noted at night, I thereafter con-

my observations mos

169
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fromThirty-five flowers

plants— were tagged and numbered for study of time and
pattern of opening, duration of anthesis, and early stages

pment. Every time

Addi-I examined the stigmas for the presence of pollen,

tional data collected from tagged and also from untagged
flowers included flower color and odor, kinds of insect visi-

tors, and duration and pattern of their visits. Insects were
caught in a 1-inch-wide killing vial placed over the throat

of the corolla; the vial was quickly capped as the insect

backed into it from the corolla tube.

FLOWERS

A "face" view and a side view of a unicorn plant flower

are shown in Figure 1. The flowers of Proboscidea louisi-

anica, each bracteate at the base of its pedicel and bibrac-

teolate at the base of its calyx, are in several-flowered,

terminal, erect racemes. The bracts are deciduous at or

even before the beginning of anthesis. [In the Utah plants

they persisted longer cm long.]

A single raceme may show floral development from un-

opened buds distally to full-sized fruits proximally. The
axis of the raceme elongates as the fruits mature.

The synsepalous, somewhat zygomorphic calyx is five-

lobed and is split to the base between the two lowermost
lobes. It is deciduous soon after anthesis. [In Utah plants,

many calices persisted until the fruits were nearly full

sized.] The corolla tube is narrowly cylindrical at its base
but rather abruptly widens at about the level of the top of

the ovary; from there it is narrowly campanulate. The
corolla limb is five-lobed, the two upper lobes erect, the

two lateral lobes spreading to reflexed, and the lower lobe

projecting forward in the plane of the tube. The upper
lobes of the corolla are external in bud and overlap each
other and the lateral lobes. The laterals overlap the lower
lobe, which is completely internal. Just prior to anthesis,

the corolla in bud is very pale whitish yellow, sometimes
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Fig. 1. Flower of Proboscidea louisianica. Upper left: "face"

view. Upper right: side view. Lower: cutaway view, showing
Melissodes communis alighting on lower lip.

inged with green. As the corolla opens, the yellow and
green disappear. At full anthesis the corolla is white with

a pink tinge that increases with age. Orange guidelines

arise centrally on the lower lobe and extend back along

the lower side of the tube to between the bases of the lower

pair of stamens. Minuscule purplish dots sprinkle the
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inside of the tube and spill over onto the corolla throat and

onto the bases of the two upper lobes; those on the lobes

are larger than the others.

The four stamens are didynamous and epipetalous. In

bud the anthers are free from each other and each is bent

into a broad "V." As the flower develops, the filaments

lengthen and the anthers straighten. The anthers of each

pair become connate side to side ; tips of the anthers of one

pair of stamens become connate to adjacent tips of the

anthers of the other pair. By anthesis, the "anther box"

com
mi

tigma

Opening of the anthers occurs by longitudinal dehiscence

of the anther walls on the side facing the axis of the tube.

A mass of pollen is thus precisely in place for some of it

to be picked up by the hairs on the backs of pollinating

insects ascending the tube. Stages in the

the anther box are shown in Figure 2.

lopment

Fig. 2. Stages in the development of the anther box of Probosci-

dea lonisianica. Left: young stage, the anthers not yet in contact

and not yet dehisced. Center: somewhat older stage, anther contact

and dehiscence beginning. Right: at beginning of anthesis, anthers

in contact and fully dehisced.
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examined, a staminode (a fleshy pro-

tuberance about 1.5-3 mm long) occupied the place of the

fifth stamen. That the staminode may sometimes be lack-

ing is suggested by some descriptions of Proboscidea

flowers that fail to mention it, although I prefer to

think this results from faulty observation of floral mor-

phology.

The ovary is bicarpellate and unilocular; each of its two

placentae is in+mrlprl pnrl pvnandpH into a broad lamella.

The slender style is about thrice as long as the ovary. The

stigma, positioned well in front of the anther box, is sensi-

tive to even the slightest touch, its two flat lips, with their

receptive inner surfaces, closing together rapidly (within

about 2 seconds). After about 5 minutes (in the first of

a series of touches) the lips will have spread apart again.

. lly because of

movement of the lower lip. When the lips are open, the

mai

from

an insect passing beneath it. Immediately after so doing,

it closes against the upper one, trapping the pollen between

them and thus preventing its possible dislodging as the

insect leaves the flower. may
prevent or significantly reduce transfer of pollen of a flower

to the stigma of that flower by the exiting insect— the

receptive surfaces of the stigma are simply not exposed.

When the lips are well covered with pollen, they do not

reopen.

In a series of touches, the time required for closing of

the lips increases hardly at all, but the time for their

spreading apart again increases considerably, resulting in

the phenomenon of stigmatic "fatigue." In four flowers,

each on a different plant, I observed stigma response to

eight successive touches, each touch (after the first) being

made after the lips had returned to the fully open position.

times Touch

I_5 minutes; II— 8 minutes; III— 15 minutes; IV—
18 minutes; V— 18 minutes; VI— 20 minutes; VII— 25

minutes ; and VIII— 25 minutes. Observation of "fatigue"
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in the stigma was halted after eight touches because of

fatigue on the part of the observer.

Glandular hairs, producing a copious, viscous, and sweet
secretion, are abundant on the bases of the filaments and
on the area of the corolla tube between the bases of the
filaments. No secretion was noted elsewhere in the flower.

It is presumably this secretion that pollinators seek, al-

though I was unable to demonstrate this (stomach analysis
of pollinators of the unicorn plant should be carried out).

mmg
aceme45° angle with the vertical (i.e., the axis of

The calyx is nearly 90° from the vertical. The corolla,

however, is sharply declined, its tube and lower lobe being
at about 135°, so that visiting insects must move upward
into the tube. In a single raceme I saw no more than three
flowers in anthesis at one time; usually there was only
one, infrequently two.

The flowers typically begin to open in the afternoon,
mostly at about 6 :00 PM but occasionally as early as 1 :00

PM or as late as 11 :00 PM. As opening proceeds, the upper
lobes of the corolla become directed forward, exposing the
lateral lobes. The laterals then become directed forward,
exposing the lower lobe. Finally the lower lobe, too, as-

sumes the forward position, which it retains. The upper
lobes become gradually erect as the laterals spread or be-

come somewhat reflexed. The opening proce;

3 to 6 hours.
from

time

maopen. The lips of the sti}.
, # .

the flower opens fully.

The odor of the flowers is difficult to describe. Somewhat
unpleasant, rather penetrating, it was characterized by an
Oklahoma colleague as "aminoid." I cannot improve upon
this description. The secretion from the glandular hairs

lm
similar

Once a flower is open it stays so for the duration of
anthesis. Most flowers last about 40 hours, the corolla
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dropping suddenly— usually at about noon to 3 :00 PM
of the third day. Flowers on some plants, however, may
last only 30-36 hours. Within 24 hours after corolla fall,

the pedicel moves to about 90° from the vertical. Within

another dav it becomes reflexed to about 135°, the position

it retains during fruit development.

Flowers on individual plants behave similarly with re-

spect to opening time, time required for the flowers to open

fully, and duration of anthesis. This suggests that these

may be genetically-controlled features.

INSECT VISITORS

Visitors to the flowers were infrequent and all were

bees (Hymenoptera, Apoidea) ; many flowers appeared not

to be visited at all. as evidenced by the lack of pollen on

their stigmas. Pollinators were the following:

Family Anthophoridae

Anthophora occidentalis Cresson

Centres subhyalina Fox
Mellisodes communis Cresson

Family Halictidae

Augochlorella striata (Provancher)

[In the Utah plants the only pollinator taken was Bom-

bus fervidus (Fabricius), of the family Apidae.]

These fast flying bees behaved similarly during visits to

the flowers. Landing on the lower lip (see Figure 1), they

quickly ascended the corolla tube, first brushing against

the stigma, the lips of which then closed, and then against

the anther box. Several (5-8) seconds later, they backed

resumed
same

different plant. The amount of pollen deposited on the

stigma as the result of a single visit of a bee varied from

many grains (55, in one count) to almost none, depending

on how much pollen the insect was carrying. The bees

taken as specimens showed most pollen adhering to the

hairs on ton of the thorax but also some on those of the
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ace, abdomen, and legs. The pollen baskets (corbiculae)

on some of the specimens were full of Proboscidea pollen—
and, in some instances, of other, unidentified kinds as well.

Several small bees of the genus Lasioglossum (family

Halictidae) visited Proboscidea flowers but were not pol-

linators. They landed on the lower or lateral lobes and
walked immediately to the anther box, from which they

took pollen and packed it into their pollen baskets. At no

time did they contact the stigma or even the style.

Unicorn plants are markedly viscid pubescent on the

stems and leaves. The glandular hairs entrap many minute

insects (including thrips, fairyflies and other Hymenoptera,
Drosophila and other Diptera, aphids, Hemiptera, and
weevils and other Coleoptera).

POLLINATION EXPERIMENTS

An exclusion experiment was set up by erecting a crude
**4-«~.i-5>tent" of cheesecloth around a large Proboscidea plant.

The tent effectively excluded the bees that, by that time,

I had recognized as pollinators. During the 14 days of

the experiment, eight flowers on the enclosed plant came
into and passed anthesis. One of these I pollinated by hand
with pollen from a flower in a neighboring raceme on the

same plant; it did not set fruit. Another one I pollinated

by hand with pollen from another plant; it set fruit. The
six other flowers, unpollinated, dropped soon after anthesis.

In an additional mini-experiment I pollinated, with its

own pollen, a flower on each of three plants and then bag-

ged each flower to exclude all other pollen. These flowers

produced no fruits.

[In Utah, I pollinated four newly-opened and previously-

unpollinated Proboscidea flowers on one plant: flower 1,

with its own pollen; flower 2, with pollen from another

flower on the same plant; and flowers 3 and 4, with pollen

from another plant. The flowers were then bagged to ex-

clude insects. Flowers 1 and 2 set no fruit ; flowers 3 and 4

had developed fruits 6 cm long by the time my observa-

tions of them were concluded.]
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The results of these limited experiments suggest (1)

that Proboscidea louisianica fruits do not develop in the

absence of pollination and (2) that pollination of a flower

of this species with its own pollen or with pollen from

nlant is fruitless. Further suchsame

itudies, however, are obviously necessary to reach definite

conclusions.

FRUITS

Twenty-three of the tagged flowers produced no fruits.

Instead, they dropped, pedicel and all, within 3 days after

the corollas fell. On the stigmas of these flowers I had

observed no pollen or but a few grains.

Fruit development in the other tagged flowers, each of

which had been well pollinated by bees, was rapid, at least

in the early stages observed by me. Three days after co-

rolla fall, the fruits begin to protrude from the calyx.

Three days later, they were as much as 6 cm long, and the

calyx had dropped. At this point my observations of de-

veloping fruits were halted— my teaching assignment at

the Biological Station was over. However, seemingly nearly

mature fruits were carried to my home laboratory in the

hope that, as they dried out, they would behave as if they

were in situ at Lake Texoma. I believe that they did just

this. Additionally many last year's fruits were collected

om
maturity— but before drying and dehiscence— the

fruits have a body 6-10 cm long and 2 - 3 cm thick and

an arcuately-upcurved, slender beak 1.5 - 3 times as long

as the body. During drying of the fruit, the exocarp, start-

ing along the upper suture, sloughs off in two valves, re-

vealing the stony, sculptured endocarp and the intricate

crest (see Figure 3). The beak splits longitudinally into

two sharp-pointed, hooked "horns." With further drying,

these "horns" become oriented in such a way that they are

reminiscent of mammoth tusks with their tips pointing

toward each other or, when extremely dry, even over-

lapping.
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Fig. 3. Fruits of Proboscidca louisianica. Upper left: fruit not

yet shed from plant, splitting of exocarp beginning to reveal crest.

Lower left: fruit shed, lying on ground, exocarp sloughing off, fruit

beak and body splitting longitudinally. Right: fruit with exocarp

gone and longitudinal splitting completed.
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The shape and center of gravity of the dehisced fruits

are such that these fruits usually lie with the distal or
median nortion Of thp lnwpr Sllffftrw nf +hp hnr\\r in nnn+anf

somewwith the ground, with the proximal portion
elevated, and with the "horns" pointing- upward (see

Figure 3). This position is the one in which the fruit is

most likely to hook onto the feet or ankles of animals, in-

cluding students of floral biology. Many times I have had
to remove Proboscidea fruits that had hooked onto my
stockings. One of my students at the Biological Station,

mentioning that an Oklahoma name for Proboscidea is

cow catcher," told me that one of her minor chores, as
a child on a farm, was periodically to gather and remove
from the barn floor the unicorn plant fruits that stock had
brought in. Presumably— although I did not personally

a

omobserve this— seeds are scattered f:

mals carry them about. The seeds, large and black, are
7-10 mm long. The number of seeds per fruit, in the

10 fruits whose seeds I counted, ranered from 15 to 67.
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REVISION OF VERNONIA (COMPOSITAE)
SUBSECTION PANICULATAE,

SERIES UMBELLIFORMES OF THE
MEXICAN HIGHLANDS

Samuel B. Jones, Jr.

Vernonia is a large genus of 800 to 1,000 species, par-

ticularly abundant in South America, in certain regions

1966).

America (W
iform in its floral mor

ogy, Vernonia exhibits extreme
small

Because of the sheer number of taxa in Vernonia and lack

of knowledge of most species, natural subdivisions of the

genus have only rarely been fully circumscribed.

Subsection Paniculatae series Umbelliformes of section

Lepidapoa established by Gleason (1906) seems to be an

exception and appears to be a natural grouping. Gleason

noted that the branches of the panicle are mostly aggre-

gated or separated by shortened internodes, the peduncles

are approximately uniform in length, the heads appear in

subumbellate clusters which are in turn united into large

pyramidal or hemispheric inflorescences. The plants are

herbaceous to suffruticose perennials. The 10 species ap-

pear closely related and all are found in the highland re-

gions of Mexico.

Gleason (1906, 1922) recognized nine species and in this

paper ten species and seven subspecies are treated with a

greatly revised taxonomy. Keys, synonymies, descriptions,

typifications, distribution maps and specimen citations are

given for the taxa. A new species, V. cronquistii, is de-

scribed from Guerrero and Oaxaca. Vernonia liatroides

ssp. gentryi is described from Durango south to Jalisco.

Several changes in rank are made: V. inuloides is reduced

to V. karvinskiana ssp. inuloides; V. ehrenbergiana is

treated as V. liatroides ssp. ehrenbergiana; and V. ver-

nonioides is now V. seratuloides ssp. vernonioides

.

180
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com

During the past four years, six of the 10 species have

been studied in the field and in the greenhouse. Chromo-

some numbers, sesquiterpene lactones, and flavonoids have

been determined for some of the taxa and hybridization

experiments have been carried out within the group and

with certain other Vernonias. The cytogenetical and phy-

tochemical data provided considerable information and

insight into the systematics of the group and they are

presently being prepared for separate publication and will

only be briefly summarized here.

Vernonia alamanii, V. serratuloides, and the three sub-

species of V. liatroides have the sesquiterpene lactone

Glaucolide-A (Mabry, et al., 1975). This bitter

is found in 10 species of the closely related subsection

Paniculatae series Verae from eastern North America;

it is found as well in several species from South America.

The flavonoid chemistry of V. alamanii and V. liatroides

is similar also to that of series Verae with one exception;

a compound tentatively identified as 3, 3' -0- dicayl querce-

tin 7-0-glucoside is present in the series Umbelliformes

but not in series Verae (Mabry, et al., 1975).

Seven of the 10 species are known chromosomally, each

having n = 17, the same as the 18 species of series Verae

from eastern North America (Jones, 1974). Experimental

hybridizations within and among our accessions of series

Umbelliformes generally have yielded fertile F x
hybrids,

but crosses between members of series Umbelliformes and

series Verae have yielded vigorous but sterile F x hybrids.

The phytochemical and cytogenetical data, briefly summar-

ized here, support Gleason's (1923) conclusions that these

two series were derived from a common ancestral line.

The taxonomic treatment presented here represents a

synthesis of the results of various systematic techniques,

but the descriptive and revisionary aspects have been

largely drawn from about 900 herbarium specimens bor-

rowed from BM, DUKE, ENCB, F, GA, GH, K, LD, MEX, MINN,

MO, NY, P, TEX, UC, UMO, and US.
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KEY TO THE SPECIES

1. Peduncles multi-bracteate throughout with short bracts

1-2 mm long, similar to the outer phyllaries ; heads 3-5

flowered; outer phyllaries glandular-tomentose ; rare

and local from the state of Tepic 10. V. feddemae

1. Peduncles not bracteate or with only one or two bracts

over 2 mm long, not similar to the outer phyllaries;

heads (4) 5 or more flowered; outer phyllaries glabrate
to glandular or slightly pubescent.

2. Involucre height 13-24 mm, width 11-18 mm
1. V. alamanii

2. involucre height 4-12 (15) mm, width 3-12 mm (14).

3. Achenes pilose to pilose-hispid or ciliate on the
ribs.

4. Heads with over 50 flowers. . . 9. V. barclaiji

4. Heads with less than 20 flowers.

5. Heads (4) 5-6 (7) flowered; leaf blades
20-30 cm long, 6-15 cm wide; inner phyl-

laries acuminate 7. V. autumnalis

5. Heads 10-14 (18) flowered; leaf blades
6-14 (16) cm long, 2-9 cm wide; inner
phyllaries acute to cuspidate.
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6- Leaf blades tomentose to hirsute-vil-

lous beneath; distributed from Oaxaca
to Chiapas 5. V. oaxacana

6. Leaf blades glabrate beneath; distrib-

uted from Guerrero to Oaxaca

4. V. cronquistii

3. Achenes glabrate to glandular or resinous-glan-

dular.

7. Outer phyllaries long-acuminate terminating

gradually in a sharp point, (2) 3-6 mm long,

tips 1-3 mm long 8. V. bealliae

7. Outer phyllaries acute, acute-acuminate, or

apiculate to bitten, not terminating gradually

into a sharp point, 0.8-2,5 mm long, tips less

than 1.5 mm long.

8. Heads 20-60 (70) flowered; inner phyl-

laries emarginate with mucro in notch,

often bitten, sometimes acute-acuminate,

2. V. karvinskiana

8. Heads 8-20 (25) flowered; inner phylla-

ries acute, sometimes slightly apiculate, or

mucronate.

9. Leaf blades 2-14 cm wide, ovate-lance-

olate to lanceolate, length/width ratio

2-3 3. V. liatroides

9. Leaf blades 1-3 cm wide, oblong to

linear-lanceolate, length/width ratio

(2,2) 3-8 6. V. serratitloides

1. Vernonia alamanii DC. Prodr. 5: 61. 1836. TYPE:
Mexico: Alaman 1831 (Holotype: g-dc, as photo f! us! as

idc microfiche G-dc!).

Cacalia alamanii (DC.) Kuntze, Rev. Gen. PI. 2: 969.

1891.

Vernonia dictyophlebia Gleas. Bull. New York Bot. Gard.
4 : 203. 1906. TYPE : Mexico : Michoacan : Hills of Patz-

cuaro, Pringle 3347 (Holotype: NY! Isotypes: BM! encb!
f! gh! k! mex! minn! mo! ny! p! uc! us!).
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Vernonia alamanii DC. var dictyophlebia (Gleas.) Mc-

Vaugh, Contrib. Univ. Michigan Herb. 9: 477. 1972.

m tall : stems floccose, becom

below. cm long, 3.5-7 cm
below the middle,

ovate, ovate-lanceolate, to lanceolate, scabrous above, veiny

and either glabrous or pilose-hispid below, apically acute,

basally cuneate, margins serrate; petioles 7-33 mm
floccose. Inflorescences hemispheric or depressed, variable

in size. Heads (43) 51-65 cm

long, floccose, aggregated into clusters. Involucres cam-

panulate, 13-24 mm high, 11-18 mm wide; phyllanes

glabrous, margins fimbriate, loosely imbricated, outer re-

flexed, greenish to brownish-purple ; inner phyllaries linear

to linear-spatulate, 11-19 mm long, 1.5-4 mm wide, tips

mucronate-aristate, mucro 0.3-3.5 mm long; outer phyl-

laries linear to lanceolate or ovate, 4.5-9 (11) mm long,

1.5-3.2 (4) mm wide. Pappus straw-colored; inner bristles

(6) 7-11 mm long, outer bristles 0.8-1.7 mm long. Corollas

(9.6) 12-19 (21) mm long, reddish-purple. Anthers 3-5

(6.1) mm long. Achenes 3-4.5 mm long, densely white

glandular, ca. 10 ribbed, basally terminating in a prominent

yellow areola. Chromosome number n = 17. Flowering

and fruiting occur from (April).

from

Michoacan, a:

2kv limestone

It grows

ora ca. 1,800 to 2,600 m altitude.

This species is centered on the Neo Volcanic Plateau and

extends southward into the Sierra Madre del Sur and

nnv+WnrH into the Sierra Madre Oriental. Gleason recog-

McVaugh
Mc

are not separable on the basis of lower leaf surface.

Vaugh's use of the length of the phyllary awns breaks

down when one examines a large sample of specimens. The

specimens from Michoacan tend to have broader and more

pubescent leaves but even this is highly variable.



1976] Vernonia Jones 185

*c*

I

»

w

^

e

•s

O

o

3

CO

s

bo



186 Rhodora [Vol. 78

representative specimens: Mexico: San Luis Potosi: ca. 10 mi
W Xilitla, hwy 120, King 4438 (f, mich, tex, ijc, us) ; Hidalgo: 9 mi
NE Jacala, hwy 85, King 4216 (f, mich, tex, uc, us); Veracruz:

Huayacocotla, R. Hdez M. & Vazquez de Hdez 986 (GH) ; Guanajuato:
Acambaro, Rzedowski 25349 (mich); Jalisco: Mazamita, Diaz Luna
3164 (encb) ; Michoacan: Zitacuraro-Zirahuato, Hinton 13541 (GH,

MICH, tex, uc) ; Mexico: Temascaltepec, Hinton 8881 (mich, tex,

UC, us); df: Canada of Contreas, Pringle 15034 (f, mich, min, mo,

tex); Morelos: Mountain side above Cuernavaca, Pringle 8045 (f,

GH, mex, mich, min, uc) ; Guerrero: San Antonio-Buenos Aires,

Montes de Oca, Hinton 14071 (GH, MICH, tex, UC, us).

Natural hybridization occasionally occurs between Ver-

nonia alamanii and V . liatroides ssp. ehrenbergiana. Hy-
brid specimens examined include : Mexico : Mexico : Pineda,

Temascaltepec, Hinton 3187 (NY, gh) ; Nanchititla, Temas-
caltepec, Hinton 7546 (k, us) ; Michoacan: 12 mi NW of

Morelia on hwy 15, Jones 20574 (GA).

One putative hybrid between V. alamanii and V. lia-

troides ssp. liatroides was collected: Mexico: Hidalgo: 0.3

mi N km 150 hwy 85, 11 mi S of State Line, Chapman 63

(GA).

2. Vernonia karvinskiana DC. Prodr. 5: 62. 1836. TYPE:
Mexico: Karwinski s.n. (Holotype: G-DC,

g-dc!; isotypes: p! M, as photo ny! us!).

microfiche

Ascending, suffruticose perennial, 1-3 m in height; stems
glabrate to hispid or floccose. Leaves cauline; upper leaf

blades (4.5) 6-10 (11.5) cm long, (0.5) 2-5 (6) cm wide
(length/width ratio ca. 2-3), widest at or below the mid-
dle, lanceolate to ovate, scabrous above, glabrate to floccose

below, apically acute to acuminate, basally cuneate or some-
times rounded-truncate, margins serrate to almost entire;

petioles 2-11 mm long, hispid to glabrate or floccose. In-

florescences pyramidal, variable in size but often 1 dm
across. Heads 20-60 (70) cm
glabrate or pilose to floccose, subumbellate. Involucres

mmvase-shaped, (7) 8-13 (15) mm high, 6-12 (14)
phyllaries glabrous to resinous, loosely appressed, dark
purple to greenish; inner phyllaries lanceolate to linear-
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oblong", (6) 7-11 (12) mm long, 1.3-2.6 mm wide, tips

emarginate with a mucro in the notch, sometimes bitten or

mmapiculate; outer phyllaries lanceolate, 2.2-6

2.5 mm wide. Pappus straw-colored; inner bristles 5.2-7

mm loner, outer bristles 0.5-2 mm long. Corollas (8) 9-12

(13.5) mm Anthers 2.8-4.5 (5) mm
long. Achenes 3-4.3 mm long, furrows often glandular,

ca. 9 or 10 ribbed. Chromosome number n = 17. Flowering

and fruiting occur from Sept. to Feb. (Mar.).

This species is restricted to the state of Oaxaca. It grows

on rocky hillsides, moist mountain slopes, ridges, or dis-

turbed grassy areas in full sun or partial shade of oak or

pine-oak woodlands at an altitude of 1700-2100 m.

Two subspecies are recognized. Their distributions are

shown in Fig. 1. They may be characterized and distin-

guished by the following key:

Inner phyllary tips usually acute; flowers per head 20-30

(34) 2a. ssp. karvinskiana

Inner phyllary tips usually truncate; flowers per head (30)

35-60 (70) 2b. ssp. inuloides

2a. Vernonia karvinskiana DC. ssp. karvinskiana.

Vernonia corymbiformis DC. Prodr. 5: 62. 1836. TYPE:
Mexico: Kanvinski s.n. (Holotype: G-DC, as idc microfiche

G-dc! Isotypes: p! M, as photo NY! us!), (not Gleas. Bull.

New York Bot. Gard. 4: 198. 1906).

Cacalia karvinskiana (DC.) Kuntze, Rev. Gen. PI. 2:

970. 1891.

Cacalia corymbiformis (DC.) Kuntze, Rev. Gen. PI. 2:

969. 1891.

Vernonia conzattii Robins. Proc. Amer. Acad. 44: 615.

1909. TYPE: Mexico: Oaxaca: Sta. Ines del Monte,

Zimatlan, Conzatti 1327 (Holotype: GH! Isotype: MEX!).

common
Sierra Madre de Oaxaca. It intergrades with ssp. inuloides

in the Altiplano de Oaxaca.
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representative specimens: Mexico: Oaxaca: Amongst dwarf

oaks, dry hills above Las Sedas, 7,000 ft., Pringle 6019 (gh, MEX,

MICH, min, MO, NY, P, UC, us) ; in oak woodland at summit about

15 km N of Telixtlahuaca on road to Tehuacan, Elev. 2100 m, Crow
quist & Fay 10914 (NY, tex, us).

2b. Vernonia karvinskiana ssp. inuloides (DC.) S. B. Jones,

stat. nov.

Vernonia inuloides DC. Prodr. 5: 62. 1836. TYPE:
Mexico: Karwinski s.n. (Holotype: G-DC, as IDC microfiche

G-dc!, as photo ny! us! Isotype: p!).

Cacalia inuloides (DC.) Kuntze, Rev. Gen. PI. 2: 970.

1891.

This subspecies is common in the oak-pine woodlands of

the Altiplano de Coatlan and the Altiplano de Mixtepec

northward into the Altiplano de Oaxaca.

representative specimens: Mexico: Oaxaca: 12 miles S of Sola

de Vega and 90 miles N of Puerto Escondido, Cronqnist & Sousa

10504 (GH, mex, Mien, NY, tex ) ; 80 miles S of Oaxaca, S of Mia-

huatlan, Cronquist & Sousa 10445 (gh, mex, MICH, ny).

A splitter perhaps would have recognized two species;

however the differences between these two taxa are more

apparent than real. Sixteen morphological features were

measured or scored on 25 herbarium specimens of each

taxon; most were not useful as key characters. The most

distinctive features are compared in Fig. 2 where their

overlap is readily apparent. The morphological variation

of the two subspecies was undoubtedly reinforced by their

geographical isolation. Subspecies karvinskiana occurs in

the mountains to the north of the city of Oaxaca and ssp.

inuloides is centered in the mountains south of there; in

between they intergrade completely. The close relationship

of these two taxa is best shown by treatment at the rank

of subspecies. If treated as two distinct species this rela-

tionship is likely to be obscured.

3. Vernonia liatroides DC. Prodr. 5: 34. 1836. TYPE:
Mexico: Tamaulipas: Tula to Tampico, Berlandier 2139

(Holotype: g-dc, as IDC microfiche G-dc! as photograph us!

Isotypes: gh! ny! p!).
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Herbaceous perennial, sometimes becoming frutescent,

1-3 m; stems pilose-hispid or sometimes glabrate. Leaves

cauline; leaf blades 4.5-25 cm long, 2-14 cm wide (length/

width ratio ca. 2-3), widest at the middle, lanceolate or

ovate-lanceolate, slightly scabrous or almost glabrate above,

punctate, pilose-hispid, or glabrate below, apically acute,

basally cuneate, margins serrate; petioles 0.4 to 3.5 cm
long, downy to glabrate. Inflorescences narrowly pyramidal

to broadly pyramidal. Heads (8) 9-20 (25) flowered; pe-

duncles 3-5 mm long, downy to glabrate, subumbellate.

Involucres campanulate, (3.7) 4.5-6.5 (8) mm high, (2.8)

4-6 (7.5) mm wide; phyllaries ciliate, loosely appressed,

greenish-purple sometimes shiny; inner phyllaries oblong-

lanceolate, (3.2) 4-5 (6) mm long, (0.8) 1-1.5 (1.7) mm
wide, tips acute, slightly apiculate; outer phyllaries lance-

olate, (0.8) 1.3-2.3 (2.5) mm long, 0.5-1.2 (1.8) mm wide.

Pappus whitish; inner bristles 4.5-6.4 mm long, outer

bristles 0.8-1.5 mm long. Corollas (5) 6-10 (11) mm long,

reddish-purple to light pink, fading to almost white, gla-

brous, very fragrant. Anthers 2-4 mm long. Achenes 2-3.2

mm long, resinous glandular or sometimes glabrous, ca 10

ribs. Chromosome number n = 17. Flowering and fruiting

occur from October to May.

This species is distributed from the Sierra Madre Ori-

ental south and west across the Neo Volcanic Plateau and

northward along the Sierra Madre del Sur and the Buried

Ranges and Sierra Madre Occidental.

Three subspecies are recognized. Their distributions are

shown in Fig. 3. They may be characterized and distin-

guished by the following key

:

Plants normally flowering from October to December, from
the Sierra Madre Oriental, or the Neo Volcanic Plateau

and the Sierra Madre del Sur; leaf blades (4) 5-11 (13)

cm long, 2-5 (7) cm wide, petioles 0.3-1.3 cm long; flowers

per head (8) 9-13 (17).

Fig. 3. Distribution of Vemonia autumvalis and V. liatroides.



1976] Vernonia Jones 191



192 Rhodora [Vol. 78

Plants from the Sierra Madre Oriental, frutescent

herbaceous perennial; corolla lobes (2.2) 2.5-3.5 (4.2)

mm long, corolla (5.5) 7-9 mm long. . 3a. ssp. liatroides

Plants from the Neo Volcanic Plateau and the Sierra

Madre del Sur, herbaceous perennial; corolla lobes 1.8-

2.2 (2.7) mm long, corolla 5-7.5 mm long

3b. ssp. ehrenbergiana

Plants normally flowering from late February to April,

from the Buried Ranges and the Sierra Madre Occidental;

leaf blades (9) 11-20 (25) cm long, (4) 5-11 (15) cm
wide, petioles 0.8-3.5 cm long; flowers per head (11) 12-19

(25) 3c. ssp. gentryi

3a. Vernonia liatroides ssp. liatroides.

Eupatorium tulanum Klatt, Abh. Nat. Ges. (Halle) 15:

323. 1882. TYPE : Mexico : Tamaulipas : Tula to Tampico,
Berlandier 2139 (Holotype GH ! Isotypes: G-DC, as IDC

microfiche g-dc! p!).

Cacalia liatroides (DC.) Kuntze, Rev. Gen. PI. 2: 971.

1891.

This subspecies is common on limestone hillsides, in

mesic habitats of the Sierra Madre Oriental in the tropical

deciduous forest up and into the pine-oak zone. Flowering
and fruiting normally occur from October to January.
The plants become woody near the base of the stems.

representative specimens: Mexico: Tamaulipas: Viereck s.n.

(us) ; San Luis Potosi: 19 mi WSW Xilitla, hwy 120, oak-pine forest,

red limestone soil, Jones 22376 (GA) ; Hidalgo: 27 mi S Tamazunchale
at Santa Maria, shrub 2 m. tall, rocky hillside, Jones 20560 (Ga)

;

Queretaro: 5 mi WSW Jalpan, hwy 120, abundant along limestone

roadsides, Jones 22378 (ga).

3b. Vernonia liatroides ssp. ehrenbergiana (Sch. Bip.) S.

B. Jones, stat. nov.

Vernonia ehrenbergiana Sch. Bip. Linnaea 20: 513. 1847.

TYPE: Mexico: Barranco pr. los reyes, Ehrenberg 710
(Holotype p!).
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Cacalia ehrenbergiana (Sch. Bip.) Kuntze, Rev. Gen. PI.

2:971: 1891.

Vernonia capreaefolia Gleas. Bull. N.Y. Bot. Gard. 4:

200. 1906. TYPE: Mexico: Veracruz: Orizaba, Schaffner

117 (Holotype: gh!).

This subspecies is commonly found along roadsides and

on rocky hillsides in the Neo Volcanic Plateau and the

Sierra Madre del Sur. In the latter region it is often asso-

ciated with limestone. It appears to be a herbaceous peren-

nial, unlike the other two subspecies which become suf-

frutescent. Subspecies ehrenbergiana and ssp. gentryi

intergrade in western Jalisco. Flowering and fruiting

occur from October to January.

representative specimens: Mexico: Jalisco: Guadalajara,

Pringle 2943 (gh) ; Michoacan: km 115 hwy 15 between Zitacuaro

and Cd. Hidalgo, Jones 20572 (ga) ; Guerrero: 8 km SW Xochipala,

Feddema 2765 (encb, mich, tex); Mexico: 2 mi N Ixtapan de Sal

hwy 55, J&nes 20569 (ga) ; Oaxaca: Huajuapam, Nelson 1979 (GH,

us); Puebla: by streams near Tehuacan, Pringle 6246 (BM, encb,

f, GH, mex, min, p, uc, us) ; Veracruz: Orizaba; Bourgeon 3339

(F, gh, K, us).

3c. Vernonia liatroides ssp. gentryi S. B
TYPE: Mexico: Durango: 116 mi W of

40, elev. 2000 m, Jones 22527 (Holotype t

Folia 10-25 cm longa, 5-15 cm lata (ratione longitudinis

cum latitudine 1.5-2.5), ovali-lanceolata, vel lanceolata.

Capitula (11) 13-18 (25) flora.

This subspecies is abundant at elevations of ca 1,500 to

2,000 m on the mesic west slopes in the pine-oak zone down
into the tropical deciduous forests of the Buried Ranges

and the Sierra Madre Occidental. It is named in honor of

Howard Scott Gentry, whose collections from northwest

Mexico have facilitated my studies of this ar

cies of Vernonia.

to May.

from March
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representative specimens: Mexico: Durango: San Ramon,
Palmer 140 (f, gii, mo, NY, us); Sinaloa: 132 mi W Durango near

El Batel on hwy 40, Jones 22528 (ga) ; Nayarit: 15 km W Tepic,

sobre el camino a Jalcocotan, Rzedowski 15614 (encb, mex, mich).

Jalisco: San Sebastian, Hacienda del Ototal, Mexia 1681 (BM, F,

GH, MICH, min, MO, NY, UC, us) ; Zacatecas: 5 mi SW Mezquital

del Oro, McVaugh 22135 (encb, mich, ny).

Nineteen morphological features were measured on 25

specimens of each of the three taxa. The measurements in

general showed considerable overlap; however, those pre-

sented in Fig. 4 are of some diagnostic value. Keeping in

mind the many features shared by these three taxa, they

are best treated as subspecies.

4. Vernonia cronquistii S. B. Jones, sp. nov. TYPE: Mex-

ico: Guerrero: semi-open slopes in pine-oak forest in the

mountains along the highway ca. 62 rd miles N of Aca-

pulco, and 20 mi S of Chilpancingo, Cronquist 9705 (Holo-

type: ny! Isotypes: GH ! mex! mich! mo! ny!).

Herba perennis, erecta, 1.5-metralis ; caules purpurei

necnon glabri. Folia caulina (6.5) 8-12 (15) cm longa,

1.9-4.5 cm lata (ratione longitudinis cum latitudine ca. 3-4),

ad medium dilatata, ovato-lanceolata, supra scabridiuscula,

infra glabrescentia, apicibus acuminatis, basibus anguste

cuneatis, marginibus serratis; petioli 0.5-1.2 cm longi gla-

brescentes. Inflorescentiae paniculatae-umbellatae. Capitula

10-14 (18) -flora, cum pedunculis 0.5-1.3 cm longis. Involu-

cra anguste campanulata 5.5-8.5 mm longa, 3-7.5 mm lata;

phyllaria ciliata, laxe imbricate, purpurea, eis interioribus

lineari-lanceolatis, 4.2-7.5 mm longis, 0.9-1.5 mm latis, api-

cibus acutis vel cuspidatis, eis exterioribus lanceolatis,

1-2 mm longis, 0.6-0.9 mm latis. Pappi setae albae, eis

interioribus 5-6.1 mm longis, eis exterioribus 0.6-1.1 mm
longis. Corollae (7.3) 9-11 (12.6) mm longae, Vernonia-

purpureae, glabrae. Antherae 2.7-3.3 mm longae. Achae-
nia 2.2-3.1 mm longa, piloso-hispida, ca. 9-11 nervata.

Chromosome number n = 17. Flowering and fruiting

occur from October to December. This species is dis-
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tributed from Guerrero to Oaxaca along the Sierra Madre
del Sur as shown in Fig. 5. It occurs on semi-open slopes

in pine-oak or pine forests at elevations of 700-950 m. It

is named in honor of Dr. Arthur Cronquist who made the

type collection and has provided encouragement to me with

my studies of Vernonia.

Additional specimens examined include: Mexico: Guer-

rero: Rincon de la Via, Kruse 739 (encb) ; Plan de Carrizo,

Galeana, Hinton 11035 (gh, k, mich, NY, us); Oaxaca:

5-6 km NE Putla rd to Tlaxiaco, McVaugh 22273 (encb,

MICH).

5. Vernonia oaxacana Sch. Bip. ex Klatt, Leopoldina 20:

74. 1894. TYPE: Mexico: Chiapas: San Carlos, Liebmann
49 (Syntypes: C, as IDC microfiche!, as photo and fragment

us!, as photo f! ny! us!, as drawing and fragment gh!,

as fragment p!).

Suffruticose, 0.5-2.5 m; stems hirsute-villous to tomen-

tose, becoming glabrate with age. Leaves cauline; upper

leaf blades 6.5-14 cm long, 2.4-8.7 cm wide (length/width

ratio ca. 2), widest below the middle, elliptic-ovate, pilose-

hispid above, tomentose to hirsute-villous below, apically

acute, basally oblique to cuneate or rounded, margins ser-

rate; petioles 0.7-2 cm long, villous. Inflorescences pyra-

midal, large, irregular, highly branched, with many leaves.

Heads (10) 11-13 (15) flowered; peduncles 5-10 mm long,

hispid, appearing subumbellate. Involucres campanulate,

(5.3) 6-7 (8) mm high, 4.2-6.6 mm wide; phyllaries gla-

brous, loosely appressed, greenish purple; inner phyllaries

oblong-lanceolate, 4.2-6.7 mm long, 0.8-1.5 mm wide, tips

narrowly cuspidate ; outer phyllaries lanceolate, 0.7-2.2 mm
long, 0.3-1 mm wide. Pappus white; inner bristles 5-6.5

mm long, outer bristles 0.9-2.2 mm long. Corollas (7) 8-9

(10) mm long, reddish-purple. Anthers 2.5-3.5 mm long.

Fig. 5. Distribution of Vernonia barclayi, V. cronquistii, V.

oaxacana and V. serratuloides.
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Achenes 2-3.2 mm long, sparsely ciliate on ribs, rarely

glandular, ca. 10 ribs. Chromosome number n = 17. Flow-

ering and fruiting occur from Dec. to Feb.

This species is distributed from Oaxaca to Chiapas as

shown in Fig. 5. This species grows in oak woodlands and

on rocky roadsides at elevations of 900-1300 m.

representative specimens: Mexico: Oaxaca : Along hwy 190,

67 mi W Tchuantepec, King 2476 (MICH, tex, us); Chiapas: Road-

side in low valley with palms, hwy 190, 15 mi S LaTrintaria, Breed-

love & Raven 8433 (f, mich).

6. Vernonia serratuloides H.B.K. Nov. Gen. Sp. 4: 33.

1818. TYPE: Mexico: Michoacan: "Crescit regione tem-

perata prope urbem Valladolid de Mechoacan, alt. 1000

hex." [Collector?] (Holotype: P, as photo f! as fragment

p!).

Herbaceous perennial, ca. 1 m; stems glabrate to pilose-

hispid or rarely downy. Leaves cauline, crowded; leaf

blades (5.2) 6-12 (13.5) cm long, (0.8) 1-3 (3.8) cm wide

(length/width ratio ca. 2.2-8), widest at or below the mid-

dle, oblong to linear-lanceolate, scabrous or sometimes

glandular-punctate or glabrate above, glandular-punctate

or scabrous to pilose-hispid below, apically acute, basally

cuneate, margins remotely toothed; petioles 2-5 mm, gla-

brate to pilose-hispid. Inflorescences narrowly pyramidal.

Heads 9-19 flowered; peduncles 3-8 mm long, pilose-hispid

to almost downy, subumbellate. Involucres narrowly cam-

panulate, 6-9 mm high, (4) 4.5-9 (10) mm wide; phyllaries

ciliate or hirsute to almost glabrate on the margins, tightly

appressed, greenish to purple; inner phyllaries oblong-

lanceolate, 5-8 mm long, 1-1.5 mm wide, tips acute, some-

times with a small mucro; outer phyllaries lanceolate, 1.3-

2.9 mm long, 0.5-1 mm wide. Pappus straw colored; inner

bristles 5-6.5 mm long, outer bristles 0.4-1.2 mm long.

Corollas 7.4-11 mm long, reddish-purple. Anthers 2.9-3.7

mm long. Achenes 2.5-3.3 mm long, glabrate to resinous-

dotted, 9-11 ribs. Chromosome number n = 17. Flowering
and fruiting occur from Sept. to Dec.
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This species is distributed from Sonora southeastward

into Jalisco and Michoacan as shown in Fig. 5. It grows on

rocky hillsides, dry pastures, oak or oak-pine woodlands,

fallow fields, often in sticky clay soil at altitudes of 300-

1000 m. The range of this species is associated with the

Sierra Madre Occidental and the northwestern part of the

Neo Volcanic Plateau.

Two subspecies are recognized. They may be character-

ized and distinguished by the following key:

Leaf blade length/width ratio 4-8; flowers per head 9-14;

corolla length 7.4-9 mm ; involucre width 4-7 mm
6a. ssp. serratuloides

Leaf blade length/width ratio 2.2-3.6; flowers per head 15-

19; corolla length 9.1-11 mm; involucre width 6.5-10 mm.
6b. ssp. vernonioides

6a. Vernonia serratuloides ssp. serratuloides.

Vernonia sinclairi Benth. Bot. Voy. Sulph. 109. 1845.

TYPE : Mexico : Nayarit : San Blas-Tepic, Sinclair s.n.

( Holotype K
! )

.

Perezia paniculata Gray, Proc. Amer. Acad. Arts 21:

393. 1886. TYPE: Mexico: Chihuahua: Mountains above
Batopilas at the Frailes, ca. 7,000 ft, Palmer 279 (Holo-

type: gh! Isotypes: bm ! us!).

Cacalia serratuloides (H.B.K.) Kuntze, Rev. Gen. PI. 2:

970. 1891.

Cacalia sinclairi (Benth.) Kuntze, Rev. Gen. PI. 2: 970.

1891.

Vernonia umbcllifera Gleas. Bull. New York Bot. Gard.

4: 199. 1906. TYPE: Mexico: Jalisco: Plains of Guadala-

jara, Pringle 2316 (Holotype: ny! Isotypes: bm! f! mex!
mo! ny! p! uc! us!).

M. E. Jones, Contrib. West
69. 1933. TYPE : Mexico : J;

M. E. Jones s.n. (Holotype:

us!).

gment
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REPRESEN

This subspecies is widespread with many collections from

the southern part of its range. As to be expected there is

some local variability but it is not sufficient to warrant

recognition of additional taxa.

tative specimens: Mexico: Sonora: Sierra de Alamos,

Gentry 4862 (MICH, mo, ny, us); Chihuahua: rd. from Parral to

Batopilas, Goldman 156 (us); Sinaloa: NW base of Cerro Colorado,

Gentry 5192 (ny) ; Durango: Tamazula, Ortega 4443 (us); Nayarit:

Laguna Santa Maria del Oro, Windier 2904 (MICH) ;
Jalisco: Hills

near Etzatlan, Pringle 11607 (f, MICH, mo, us); Michoacan: ca.

5 mi N Cotija and 22 mi S Jiquilpan, King & Soderstrom 4592

(MKX. MICH. NY. TEX. UC US).

6b. Vernonia serratuloides ssp. vernonioides (Gray) S. B.

Jones, stat. nov.

Perezia vernonioides Gray, Proc. Amer. Acad. Arts 22:

433. 1887. TYPE: Mexico: Rio Blanco, in shady grassy

bottoms, Palmer 745 (Holotype: gh!).

Vernonia vernonioides (Gray) Bacigal. Contr. Gray

Kerb. 97: 77. 1931.

Vernonia jaliscana Gleas. Bull. New York Bot. Gard. 4:

198. 1906. TYPE: Mexico: Jalisco: Hills near Guadala-

jara, 5,000 ft, Pringle 9994 (Holotype: gh! Isotypes: f!

mo!us!).

Subspecies vernonioides is known only from Jalisco near

Guadalajara. The one exact location would place it in the

dissected canyon country to the NNE of the city.

representative specimens: Mexico: Jalisco: Ixtlahuacan de los

Membrillos, oak woodland, Detling 8775 (mich) ; Rocky hills near

Guadalajara, Pringle 2884 (F, gh, mex, ny).

Eighteen morphological features on all nine available

specimens of ssp. vernonioides and on 25 specimens of ssp.

serratuloides were measured or scored. The two subspecies

share many morphological features indicative of a close

relationship. They differ in few characters as shown in

Fig. 6. The treatment of these two taxa places emphasis

on their similarities rather than on their differences.
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7. Vernonia autumnalis McVaugh, Contr. Univ. Mich.

Herb. 9: 477. 1972. TYPE: Mexico: Jalisco: 5 km S. of

La Huerta, in oak forest, elev. 500-550 m, McVaugh 19833

(Holotype: mich. Isotype: ga!).

Herbaceous perennial, 1-2 m; stems lanate sometimes

becoming glabrate, striate. Leaves cauline; leaf blades 20-

30 cm long, 6-15 cm wide (length/width ratio ca. 2.5),

widest at or above the middle, elliptic-oblanceolate, gla-

brous above, lightly resinous to arachnoid below, apically

acute, basally cuneate, margins revolute and remotely

toothed, sometimes pinnately 4-lobed; petioles 1-2.7 cm
long, glabrate to lanate. Inflorescences broadly pyramidal.

Heads (4) 5-6 (7) flowered; peduncles ca. 5 mm long,

lanate, sub-umbellate. Involucres campanulate (5) 6-9 mm
high, (3.5) 4.5-5.2 mm wide; phyllaries arachnoid-ciliate,

loosely appressed, purple; inner phyllaries elliptic-oblong,

long, 1.3-1.9 mm wide, tips acuminate; outer

phyllaries lanceolate, 0.9-1.5 mm long, 0.7-0.9 mm wide.

Pappus whitish; inner bristles 5.5-6.5 mm long, outer

bristles 1-1.2 mm long. Corollas 8.8-10 mm long, reddish-

purple, white glandular. Anthers 2.2-3.2 mm long. Achenes

2.7-3.6 mm long, pilose, 6-7 ribbed with 1 main rib on con-

vex side. Chromosome number n = ca. 17. Flowering and

fruiting occur from Oct. to Dec.

This species is found in southwestern Jalisco as shown

in Fig. 3. It grows in ravines of oak-pine forest and tropi-

cal deciduous forest at 650 to 800 m elevation in the North-

ern Uplands of the Sierra Madre del Sur. Mexia 1575 from

San Sebastian, Jalisco appears to be a hybrid between V.

autumnalis and V. bealliae.

representative specimens: Mexico: Jalisco : Mountainsides above

(north of) La Cuesta, McVaugh 20268 (encb, mich); 5 km N El

Tuito, Mpio. tie Cabo Corrientes, McVaugh 25476 (mich).

mm

8. Vernonia bealliae McVaugh, Contr. Univ. Mich. Herb. 9:

479. 1972. TYPE : Mexico : Jalisco : San Sebastian, Nelson

4098 (Holotype: gh. Isotype: us!).
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Vernonia corymbiformus sensu Gleas. Bull. New York
Bot. Gard. 4: 198. 1906, not V. corymbiformis DC.

Suffruticose, erect or sometimes arching, 1.5-3 m; stems

almost glabrous to lightly floccose. Leaves cauline; leaf

blades (7) 9-14 (16) cm long, (2) 3-7 (10) cm wide

(length/width ratio ca. 2-3), widest at or slightly below

the middle, lanceolate to lanceolate-ovate, glabrous to some-

what scabrous above, reticulate-veined, resinous, with

glandular trichomes to almost glabrous below, apically

acuminate to almost acute, basally cuneate, margins ser-

rate; petioles (0.7) 1-2 (3.5) cm long, glabrate to pilose-

hispid or almost tomentose. Inflorescences pyramidal,

usually 1-3 dm wide. Heads 17-29 flowered; peduncles

1-3 cm long, strigose to resinous or glabrate, sub-umbellate

in tight clusters. Involucres campanulate, (7.7) 9-11 (11.7)

mm high, (5.5) 7-8 (8.3) mm wide; phyllaries glabrous,

margins sometimes ciliate, loosely appressed, purple; inner

phyllaries lanceolate, 6.3-9 mm long, 1-1.8 mm wide, tips

awned, 0.2-1 mm long; outer phyllaries lanceolate, 2-5.6

mm long, 0.6-1.2 mm wide. Pappus white to straw colored;

inner bristles 6-7 mm long, outer bristles 0.5-1.5 mm long.

Corollas (8.5) 10-11.5 (12) mm long, reddish purple.

Anthers (2.5) 3-4 mm long. Achenes ca. 4 mm long, densely

white glandular when young, resinous when older. Flower-

ing and fruiting occur from Feb. to May.

This species is distributed from Jalisco south to Michoa-

can as shown in Fig. 1. It grows in humid pine-oak-fir

forests and barrancas on steep slopes and along streams,

altitude 1620-2600 m, in the Northern Uplands of the

Sierra de Parnaso, the Sierra de Perote, and Sierra de

Coalcoman.

representative specimens: Mexico: Jalisco : ca. 15 mi SE
Autlan, McVaugh 10331 (duke, GH, mkx, mich, ny, tex); Michoacan:

S. Torricillas, Ccalcoman, Hinton 13674 (f, mo, ny, us).

9. Vernonia barclayi H. Robinson & C. F. Reed. Phyto-

losria 27: 52. 1973. TYPE: Mexico: Sonora: Sierra Tecuari

:



204 Rhodora [Vol. 78

slopes above Rancho El Banco along road between Alamos

and Mil Pilas, Chihuahua, A. S. Barclay & J. Arguellas

2018. (Holotype: us! Isotype: reed).

Plants frutescent, ca. 2 m tall; stems striate, whitish

tomentose. Leaf blades 4-10 cm long, 1.5-3.5 cm wide

(length/width ratio ca. 3) widest below the middle, oblong-

elliptic, downy above, tomentose below, apically acute,

basally rounded, margins remotely and faintly toothed;

petioles 2-3 mm long, whitish tomentose. Inflorescences

subumbellate. Heads ca. 60 flowered; peduncles 1.5-2 cm
long, whitish tomentose. Involucres campanulate, ca. 8 mm
high, 10-12 mm wide; phyllaries arachnoid, tightly ap-

pressed in ca. 5 series, greenish with a slight tinge of

purple; inner phyllaries lanceolate, ca. 6 mm long, ca. 1.5

mm wide, tips acuminate; outer phyllaries lanceolate, 2.5

mm long, 1 mm wide. Pappus whitish; inner bristles ca.

7 mm long, outer bristles 0.7 mm long. Corollas 12.5 mm
long, reddish-purple. Anthers 3.5 mm long. Achenes 3.5

mm long, sparsely pilose-hispid, ca. 10 ribbed. Flowering

and fruiting occur from April to May.

This species is known only from the type location in the

state of Sonora along the road between Alamos, Sonora and

Mil Pilas, Chihuahua (Fig. 5). It is locally abundant along

moist ravines in the oak zone of Sierra Tecuari.

10. Vernonia feddemae McVaugh, Contr. Univ. Mich. Herb.

9(4): 480. 1972. TYPE: Mexico: Tepic: ca. 5 km NE of

Puga (ca. 15 km NE of Tepic), pastured lands among
large boulders, with trees and shrubs, elev. ca. 1000 m,

Feddema 846A (Holotype: mich!).

Perennial herb, 1 m tall; stems striate, slightly pu-

bescent. Leaves cauline, coriaceous; leaf blades 8-12 cm
long, 3-5 cm wide (length/width ratio ca. 1.6-1.9), widest

at the middle, elliptic, glabrate above, resinous-glandular

and slightly downy below, apically acute, basally rounded-

cuneate to slightly oblique, margins remotely toothed,

revolute; petioles 2-5 mm long, downy. Inflorescences
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pyramidal. Heads 3-5 flowered; peduncles ca. 1 cm long,

pilose-hispid, multibracteate, almost subumbellate. Invo-

lucres cylindric, ca. 8 mm high, ca. 4 mm wide; phyllaries

glandular-tomentose, loosely appressed, greenish-purple

;

inner phyllaries narrowly elliptic, ca. 4 mm long, ca. 1 mm
wide, tips apiculate; outer phyllaries ovate, ca. 1.5 mm long,

ca. 1 mm wide. Pappus whitish ; inner bristles 4.5 mm long,

outer bristles 0.9 mm long, scale-like. Corollas ca. 9 mm
long, reddish-purple, white glandular. Anthers ca. 2.6 mm
long. Achenes ca. 2.5 mm long, pilose, with ca. 9 or 10 ribs.

Flowering and fruiting occur from August to September.

This species is known only from the type locality. This

collection was made in pastured lands among large boul-

ders, with trees and shrubs, at an elevation of ca. 1,000 m.

As McVaugh (1972) noted, this species is related to others

in the group by habit, but the repeated forking of the

branches of the inflorescence and the long multibracteate

peduncles are unique to this group and unique among Mex-

ican Vernonias. All things considered, it is probably best

placed among this group of Vernonias until other evidence

suggests otherwise.

EXCLUDED SPECIES

Vernonia bolleana Sch. Bip. ex Seemann, Bot. Voy. Her-

ald 297. 1856. TYPE: Mexico: N. W. Mexico, Seeman s.n.

(Holotype: k! as photo MICH ! Isotypes: p! g!). This spe-

cies was placed by Gleason (1906) in subsection Panicu-

latae series Verae but it does not appear to belong here or

in subsection Paniailatae series Umbelliformes. Most likely

it should be placed in the genus Bolanosa.
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THE VASCULAR FLORA OF THE
GROS MORNE NATIONAL PARK COASTAL PLAIN

IN NEWFOUNDLAND

Andre Bouchard and Stuart Hay

summer
Mor

Newfoundland in order to provide baseline information on

its vegetation. These data were then used, in conjunction

with air photos, to produce a vegetation map and a vegeta-

tion analysis of the area (Bouchard, 1974). The field

studies produced an abundance of data not apparent or

easily extracted from the more generalized vegetational

analysis. This fact, together with the fact that few flor-

istic studies specific to the maritime provinces have been

written, led to the preparation of this flora of the coastal

nlain of the Gros Morne National Park.

Figure 1. Morne National Park on the Island of Newfound-

land, in Eastern Canada.
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DESCRIPTION OP THE AREA

Geography and Physiography

Gros Morne National Park is situated on the western

coast of Newfoundland (Figs. 1 and 2). The coastal plain

area of the park extends from Rocky Harbour in the south

to Lower Head in the north, a straight line distance of

44 kilometers (27 miles) or a coastline distance of 55 kil-

ometers (34 miles).

The shoreline is composed primarily of low cliffs of loose

and unconsolidated glacial and marine material alternating

here and there with rocky points or headlands and occa-

sional dune formations. Back from the shoreline is a gently

rolling plain of up to 150 meters elevation. This plain

extends inland distances of from four to thirteen kilometers

(two and one half to eight miles) to the base of the high

altitude Long Range Mountains, the dominant physio-

graphic feature of the region. These mountains, ranging
to 806 meters (2644 feet), have four "fjords" opening on

the coastal plain. Western Brook Pond, a "fresh water
fjord", is the most spectacular and is easily seen from the

study area.

Geology

ma
of interbedded sedimentary formations, the Humber Arm
Group, the Green Point-St. Pauls Group and the St. George
Group which alternate in bands parallel to the coast (Geo-

map some breccias oi mi
die Cambrian and some Pennsylvanian and/or Mississip-

pian sedimentaries, all three groups are Ordovician.

The Humber Arm Group is found throughout the coastal

plain. It is composed mainly of greyish green and grey

sandstones, conglomerates, and grey shales (Baird, 1958).

In the northern section of the plain, the Green Point-St.

Pauls Group (composed of thin bedded limestone, abundant
Cow Head type breccias, shale and siltstone), alternates

with the Humber Arm Group. In the southern section, the



210 Rhodora [Vol. 78

St. George Group, composed of massive grey, blue-grey,

and white limestone dolomite, buff weathered, white dolo-

mite and interbedded shales, constitutes an important part

of the bedrock. The breccias are most abundant at Broom
Point and Cow Head. The sedimentary rocks of the coastal

lowland are thickly buried beneath marine and glacial

deposits, except for a few rock ridges and headlands. This

complex array of glacial and marine features is easier to

understand when interpreted in terms of a piedmont gla-

cier phase characterized by expanded-foot valley glaciers

formerly terminated in a sea that once stood about 100

meters higher and transgressed inland to that elevation as

the glaciers receded up the troughs of the Long Range

Mountains (Grant, 1970 and 1973).

Climate

The climate of Newfoundland is best known from the

work of Hare (1952) and this sketch is drawn primarily

from his data. Three climatic factors related to the geo-

graphical position of Newfoundland appear to be of over-

whelming dominance in determining the vegetation of the

coastal plain area. These are the moderating influence of

the ocean, the strong and prevailing winds coming from

the Gulf of St. Lawrence, and a continual moisture excess.

A cool climate with a short growing season is responsible

for the boreal aspect of the vegetation. The mean air

temperature (mean of daily maximum and minimum) in

July is between 12.8°C (55°F) and 15.6°C (60°F). In

January, it is between -9.4°C (15°F) and -6.7°C (20°F).

The temperature of the sea surface, in mid July, for the

study area is between 10°C (50°F) and 12.8°C (55°F).

The vegetative growing season ranges from 140 to 150

days. The start of the vegetative season (mean air tem-

perature higher than 6.1°C (43°F) ) is between May 20 and

May 30. For comparison, it is approximately April 10 for

Montreal and Ottawa.

Relatively high precipitation, low potential evapotrans-

piration and poor water drainage due to the general flat-
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ness of this lowland have resulted in the formation of large

raised bogs. The mean annual precipitation is between 102

and 114 cm. The potential evapotranspiration, or the "land-

scape water need", is between 43 and 48 cm, leaving an

annual moisture surplus greater than 55 cm. The mean

annual snow fall ranges from 317.5 to 380 cm.

The predominant southwest on-shore winds are an im-

portant environmental factor responsible for the structure

of several plant communities, especially the fir and white

spruce scrub of the seashore and the black spruce and

dwarf laurel dwarf scrub.

Vegetation

Although the coastal plain appears to be quite sim

from a phvsiocrraphic point of view, the vegetation is re

com
The extensive flat wet terrains characteristic of the

coastal plain are mostly covered with large raised bogs.

Sedge meadows (or fens) and american larch scrub colo-

nize the richer wet sites of this nearly level ground.

commu
nity of the wet oligotrophic sites of this lowland. The mesic

and more protected areas support forests of balsam fir.

Black spruce and dwarf laurel dwarf scrub are usually

mo more

quently toward the Long Range Mountains where wind

exposed habitats prevail. In a few cases, the extremely

exposed sections are more or less barren and colonized by

alpine bearberry, diapensia and alpine azalea, otherwise

found on the top of the Long Range Mountains.

A web of meandering freshwater creeks is found

throughout the lowland and often dissects the raised bogs.

on those sites. Around the largercommon
lakes, aquatic communities are found but are usually not

very rich in species. However, interesting elements such as

water lobelia and creeping spearwort can be seen.

Small tidal flats, within the park boundaries, are located

on the north shore of St. Pauls Inlet. Halophytic plant
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communities, ranging from large monospecific populations

of samphire to closed herbaceous communities of salt marsh
sedge, colonize the flats.

Several plant communities are restricted to the narrow
band of land between the shoreline and the road (Fig-

ure 2). The common scrub community is a wind shaped

krummholz of balsam fir and white spruce. A mosaic of

herbaceous plant communities exists between the barren,

gravelly beaches and the krummholz, or between the beach

and the road where the krummholz has been logged. Beach-

grass colonizes the dunes formed at the mouth of Stanford

River (Shallow Bay) and at the mouth of Western Brook.

The few rocky cliffs along the seashore have a very sparse

vegetation.

The seashore has received most of the human impact.

The narrow band of land, between the shoreline and the

road, has been used for settlements. The small villages of

Downes Point south of Shallow Bay, Sally's Cove and

Green Point, are situated on the seashore. The remainder

of this thin band of land is sporadically occupied by fisher-

men during spring and summer. Although small potato

gardens and hay fields are found here and there, the impact

of cultivation on the coastal plain is limited. On the other

hand, sheep, horses, and cows, left to range freely along

the coast and the road, have had considerable impact on

the nature of the shoreline's plant communities. The road

and the settlements have also permitted the introduction

of numerous weed species.

Logging and fire are two other sources of disturbance on

the coastal plain. Because of the general wetness of this

lowland, the fire produced communities are very restricted

in size. Fire is responsible for the white birch scrub and
the dwarf scrub of dwarf laurel and low sweet blueberry.

The fir forests have been intensively logged and therefore

replaced by successional communities. These are either

dense homogenous second growth of balsam fir or hete-

rogenous second growth of balsam fir with deciduous

shrubs.
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PREVIOUS FLORISTIC STUDIES

The western coast of Newfoundland has attracted sev-

eral botanists. Bachelot de la Pylaie, a French naturalist,

made two trips to Newfoundland (Leroy, 1957), the first

one in 1816 and the second one in 1819-20. He actually-

spent fifteen days at St. George's Bay and eight days at

Ingornachoix. This first locality is south and the latter is

north of the Gros Morne National Park. Unfortunately

the vascular plant section of his flora was not published.

His important herbarium collections are kept at the Na-
tional History Museum of Paris.

Wag
some

park area. His findings and studies of other botanists were

published in the form of a flora (Waghorne, 1893, 1895,

1898). Most of the material was named by Professor

Macoun of Ottawa. His flora is an enumeration by tax-

onomic order. Localities and phenology data are given for

numerous species.

In the first part of this century Professor Fernald of

Harvard University directed a series of botanical trips in

western Newfoundland (Fernald, 1911, 1926-27, 1933).

His studies of this area were done mainly around Bonne
Bay, just south of the Coastal Plain. Cow Head (within

the Coastal Lowland) was visited by Wiegand in 1910

(Fernald, 1911). Plants such as Botrychium lunaria,

Arabis alpina, and Gentiana nesophila were found, among
others, on the interesting brecchia formation. On the wet
conglomerate limestone and calcareous sandstone cliffs and
ledges was found the type specimen of Cochlearia cyclo-

carpa (Blake, 1914).

After visiting numerous localities, Fernald (1911, 1918)

wrote that the boreal and even the arctic floras are abun-

dantly represented with some elements of the southern

coastal types. This coastal element in Newfoundland's

flora is fascinating and deserves special attention.
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These coastal plants are divided in two subclasses by

Fernald. These are: (1) the Canadian or Alleghenian

common
wick, and coastwise New England, but unknown in eastern-

most Quebec and Labrador, and (2) Carolinian plants

common to Newfoundland, Nova Scotia, Cape Cod and

adjacent islands, Long Island or coastal and southern New
Jersey, but rare or unknown inland or in continental

eastern Canada. Schizaea pusilla is an example of this

second grouping.

Fernald (1911), after considering other possibilities,

made the interesting hypothesis that these coastal plants

would have crossed to Newfoundland by a strip of sands

and similar soils stretching, with only slight interruptions,

from This land

bridge of siliceous soils would have been attractive to spe-

cies such as Pinus resinosa, Schizaea pusilla and Hudsonia

cricoides of highly siliceous regions pushing successfully

across the bridge to Newfoundland (Fernald, 1911), On
the other hand this land bridge would have been unattrac-

tive to species such as Thuja occidentalis and Viburnum

alnifolium.

The Long Range Mountains of the Western Coast consti-

tute the eastern boundary of the study area. Some plants

of this western section of Newfoundland (Fernald, 1918)

are species of high arctic-alpine range. In America, these

species are abundant mainly in the arctic archipelago or

in the Canadian Rocky Mountains. Plants of these Long
Range Mountains and of other areas in the Gulf of St.

Lawrence, especially endemics, were the basis for the

famous nunatak theory of Fernald (1925). The ideas were

discussed in "Persistence of plants in unglaciated areas of

boreal America" (Fernald, 1925).

Recently Damman (1965) has shown that most of the

species distributions can be satisfactorily explained by

present climatic and edaphic conditions.

Much field work and more publications are still needed

on Newfoundland's flora. The only complete checklist of
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the vascular plants was published 20 years ago (Rouleau,

1956).

METHODS

Selection of Stands

The two basic objectives in stand selection were to cover

the range of vegetation composition and the geographical

extent of the coastal plain. Homogeneity of the components

over an area of 2 to 4 hectares on a uniform topographical

unit or a series of uniform units was the criterion for stand

selection. The stands were selected along the ground truth

survey transects for air photo correlation. For certain rare

types, such as creekbeds, specifically because of size re-

strictions, this criterion could not be universally applied.

Natural communities were quantitatively sampled where
grazing by sheep, cows and horses, in addition to logging

and other human high intensity activities, were not obvious.

Preferential sampling of natural undisturbed communities

and/or communities where the presence of man has been

erased by an even maturing second growth vegetation is

due to the emphasis on wilderness in National Park plan-

ning and the limited time available.

Disturbed areas were visited, the vegetation was de-

scribed and the flora inventoried, but no extensive studies

were done. Specimen collections were also done in numer-

ous areas that were not systematically sampled, as field

work was progressing.

Collection of Field Data
In the nonforested communities, the frequency was as-

sessed by use of 20 square meter quadrats randomly spaced

following the methodology used by Curtis (1959).

In the forest communities, the Quarter Method (Cottam

and Curtis, 1956, Curtis, 1959, and further elaborated by

Maycock, 1963) was used to measure the composition of

the arboreal and sapling stratum in each stand. Usually

30 random points were recorded, although in restricted

types of vegetation fewer were taken. All individuals with
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a d.b.h. (diameter at breast height) greater than 10.2

centimeters (four inches) were considered as trees, be-

tween 2.5 cm (one inch) and 10.2 cm (four inches) as

saplings and those with a d.b.h. less than 2.5 cm (one inch)

as seedlings. In the case of several species (Alnus rugosa,

Pyrus decora, etc.) the normal size criteria were not easily

applied because they may be present as understory shrubs

or never attain the canopy. Thus in these circumstances

saplings of these species were recorded only when tree-

sized individuals were also present. At all other sampling

points a meter and all herb,

shrub, and tree seedling species present were recorded.

In all of these communities a full presence list of the vas-

cular Dlants was made.

Treatment of Stand Data

In each stand, a frequency value was determined for

each tree species by calculating the percentage of points

at which it was present.

Stand frequency values for herbs, shrubs and seedlings

were obtained by determining percentage occurrence in

quadrats of a meter square.

A commonness index was computed for every species

within each vegetation type that was quantitatively studied.

The commonness index may range from to 10,000 for a

species within a community type and is obtained by multi-

plying the average frequency-of-occurrence in sample

points or quadrats within a community type by the percent

of stands within a community type in which the species

was present (Ohmann and Ream, 1971).

This commonness index was used to evaluate the im-

portance of the majority of the species mentioned in the

present study.

A species is considered to be "very common'' with a

commonness index ranging from 5,000 to 10,000, "com-

mon" with values ranging from 1,000 to 4,999, and "un-

common" with values of less than 1,000. Many uncommon
species can easily be found within the designated vegeta-
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tion types ; however, the probability of finding such a spe-

cies is less than 10% in a randomly selected meter quadrat

or point. Locating rare species normally requires extensive

field work. Of course such species are the ones whose

status will change as more knowledge is accumulated on

the flora of the coastal plain.

Each species was evaluated for its occurrence in the

following vegetation types or mapping units used for the

vegetation maps and for the vegetation analysis (Bou-

chard, 1974).

A Second growth forest of balsam fir (Abies balsamea).

Most of the canopy is 8 meters or more above the

ground. The associated tree species are usually white

spruce (Picea glauca) and white birch (Betula papyri-

fera). Less often black spruce {Picea mariana) con-

stitutes an important element of the balsam fir stands.

Bl Black spruce scrub. m
dominant shrub over a peat moss (Sphagnum) mat.

Balsam fir is always an important member of this

community. Speckled alder (Alnus rugosa) becomes

lm Within

unit some black spruce stands may reach 8 m. in

height.

B2 American larch (Larix laricina) scrub. This homog-

enous open scrub, 1 to 3 m. tall, is characterized by a

rich ground flora commonly composed of elements

such as tall meadow rue (Thalictrum pohjgamum) y

low birch (Betula pumila) and sedges.

B3 Wind shaped balsam fir and white sprue

krummholz of balsam fir are found alon

These

White spruce is usually present and dominates some

small sections. The flattened crowns vary in height

from less than 1 m., near the sea, to about 6 m., in-

land. Mature stands are composed of a few large

trees with typically flattened crowns but nearly pure

stands of saplings also occur. The understory of this

scrub has been heavily grazed by sheep and horses.
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B4 Homogenous second growth scrub of balsam fir. The
height of this dense scrub varies from 1 to 6 m.

B5 Heterogenous second growth scrub of balsam fir and

deciduous shrubs. Several deciduous shrubs such as

mountain maple (Acer spicatum), white birch, rasp-

berry (Rabus idaeus)
,
green alder {Alnus crispa) and

speckled alder, with heights varying from 1 to 6 m.,

are common in this balsam fir scrub. Usually there are

scattered large trees of white birch, balsam fir and

white spruce. Open forests of white birch with lower

strata of balsam fir are included in this mapping unit.

B6 White spruce scrub. Balsam fir is the co-dominant of

this 4 to 8 m. tall scrub. This rare type of vegetation

is restricted in size on the coastal plain and heavily

disturbed by man's activities.

B7 White birch scrub. The height of this heterogenous

community varies from 2 to 6 m. The understory is

composed of diverse shrubs and herbs.

B8 Tall meadow rue, sweet gale (Myrica gale), meadow
sweet (Spiraea latifolia) and speckled alder scrub.

These shrubs, 1 to 2 m. tall, colonize the flood plains

found along meandering fresh water creeks and rivers.

Along the larger creeks and rivers, speckled alder is

the dominant shrub with scattered trees of larch,

white birch, white spruce and black spruce. The
ground flora is abundant and diversified.

CI Black spruce and dwarf laurel (Kalmia angustifolia)

dwarf scrub. This community, of less than 50 cm. in

height, varies from pure formations of black spruce

to more or less heterogenous formations of black

spruce in which ericaceous shrubs, especially dwarf
laurel, are co-dominants.

C2 Ericaceous dwarf scrub. Dwarf laurel, low sweet

blueberry (Vacclnium angastifolium) , Labrador tea

• (Ledum groenlandicum) and rhodora (Rhododendron



1976] Qros Morne— Bouchard & Hay 219

canadense) are the dominants. These average 25 cm.
in height.

D Peat moss and reindeer moss (Cladina) bog. Numer-
ous ponds or "flashets" are present. Tufted club rush
(Scirpus cespitosus) is the dominant vascular plant.

Baked apple (Rubus chamaemorus) and black crow-
berry (Empetrum nigrum) are very common. The
ericaceous shrubs, leather leaf (Chamaedaphne caly-

culata), dwarf laurel, Labrador tea, bog laurel (Kal-

mia pollfolia), bog rosemary (Andromeda glauco-
' phylla) and small cranberry (Vaccinium oxycoccos),

occur very frequently, are all confined to a lower
stratum and are usually less than 5 cm. in height.

E Sedge meadow. Communities of Carex found in wet
areas. One or several sedges such as starved sedge
(Carex exilis) , villose sedge (Carex lasiocarpa) and
livid sedge (Carex livida) dominate this vegetation
type. These communities are also often invaded by
shrubs such as sweet gale, low birch and larch. Hy-
dric herbaceous plants such as buckbean (Menyanthes

*

trifoliata) and water horsetail (Eqnisetum fluviatile)

are frequent.

F Mosaic of herbaceous plant communities. Found along
the seashore and the inlets, these communities form a
thin band of vegetation when adjacent to barren
gravelly or sandy beaches. Red fescue grass (Festuca
rubra), junegrass (Poa pratensis), redtop (Agrostis
alba) and numerous introduced species are the most
common plants. Indigenous plants such as beachhead

«~ m

iris (Ins hookeri) , three-toothed cinquefoil (Poten-
tilla tridentata) and bird's eye primrose (Primula

• ' laurenUana) have persisted in these communities that

are heavily grazed by sheep, horses and cows.

G Dunes and sandy seashore community. Extensive
areas are colonized by beachgrass (Ammophila brevi-

• ligulata) and also heavily grazed by sheep, horses and
cows.
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H Rocky cliffs community. This very sparse herbaceous

vegetation is composed commonly of seaside plantain

(Plantago juncoides). Roseroot (Sedum rosea) is also

a common plant.

I Tidal flat communities. These halophytic plant com-

munities range from large monospecific populations of

samphire (Sallcornva europaea) on bare ground to

closed herbaceous communities of salt marsh sedge

(Carex salina).

J Cleared areas. These have been drastically changed

by human activities (settlements, gardens, gravel pits,

etc.). The vegetation is mainly composed of intro-

duced plants.

The nomenclature, except for a few species, follows

Gray's Manual of Botany (Fernald, 1950). The taxonomi-

cal arrangement of families follows Rouleau (1970).

The specimens have been deposited in the Gros Morne

National Park Herbarium, in the National Herbarium of

Canada (can) and in the Marie-Victorin Herbarium of

University of Montreal (mt).

THE VASCULAR FLORA

Lycopodiaceae

Lycopodium annotinum: Rare in the ericaceous dwarf

scrub.

Lycopodium complanatum: Rare in the ericaceous dwarf

scrub.

Lycopodium lucidulum : Rare in the second growth forests

of balsam fir, in the white birch scrub, in the creek bed

communities and in the black spruce and dwarf laurel

dwarf scrub.

Lycopodium obscurum: Rare in the second growth forests

of balsam fir.
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Selaginellaceae

Selaginella selag inoides : Uncommon in the american larch

scrub, in the peatmoss and reindeer moss bogs and in the

sedge meadows.

Isoetaceae

Isoetes muncata: Uncommon in the aquatic communities.

Equisetaceae

juisetum arvense: Common in the black spruce scrub, in

the white birch scrub and cleared areas; uncommon in

the second growth forests of balsam fir, in the american

communiti
mosaic

communities

shore communities and in the rocky cliff communities.

Equisetum fluviatile: Very common in the american larch

scrub ; common in the sedge meadows and in the aquatic

communities; uncommon in the black spruce scrub and

in the peatmoss and reindeer moss bogs.

Equisetum palustre: More or less common in the american

larch scrub ; uncommon in the black spruce scrub, in the

creek bed communities, and in the sedge meadows; also

found in some ponds of peatmoss and reindeer moss bogs.

Equisetum sylvaticum: More or less common in the black

spruce scrub; uncommon in the second growth forests of

balsam fir and in the white birch scrub.

Equisetum variegatum: Uncommon in the american larch

scrub.

Ophioglossaceae

turn Lunaria:

communities

mosaic

Found at Lower

Head

ium matricariaefolium : Rare, found on a grazed

room
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ytrychium multifidum: Uncommon in the creek bed com-
munities and in the mosaic of herbaceous plant com-
mun

ium virginianum: Uncommon in the american larch
scrub.

Osmundaceae

OsmuncUicinnamomca: Uncommon in the black spruce
scrub, in the american larch scrub and in the creek bed
communities.

1

Osmunda regalis: Very rare. Found on the north shore of
Round Steady on the edge of an heterogenous second
growth scrub of balsam fir and deciduous shrnhs

Athyriaceae

Athyrium filix-fcmina: Uncommon in the second growth
forests of balsam fir, in the black spruce scrub, in the
white birch scrub, in the creek bed communities, in the
mosaic of herbaceous plant communities along the sea-
shore and the inlets and in the cleared areas.

Cystopteris frag ills: Uncommon and restricted to the
rocky cliff communities.

-\ Aspidiaceae

Onoclea sensibilis : More or less common in creek bed com
munities; uncommon in the mosaic of herbaceous plan
communities along the seashore and the inlets.

Pteretis pensylvanica: Uncommon in the creek bed com
muniti

Dryopteridaceae

Dryopteris cristata: Uncommon in the american larch
scrub and in the creek bed communities.

Dryopteris disjuncta: Common in black spruce scrub; un-
common in the heterogenous second growth scrub of
balsam fir and deciduous shrubs, in the white birch
scrub, and in the creek bed communities; rare in the
second growth forests of balsam fir.
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Dryopteris filix-mas : Uncommon to rare, found on a log-

ging trail, just north of Berry Hill.

Dryopteris phegopteris: Rare in the second growth forests

of balsam fir, in the black spruce scrub, in the heteroge-

nous second growth scrub of balsam fir and deciduous

shrubs and in the creek bed communities.

Dryopteris spinulosa: Very common in the second growth

balsam fir. common
uncom

mon in the black spruce scrub, in the wind shaped balsam

fir and white spruce scrub, in the homogenous second

growth scrub of balsam fir, in the white birch scrub and

in the creek bed communities.

Dryopteris thelypteris : Uncommon in the creek bed com-

munities.

Dryopteris X bootii: Rare to uncommon, found on a log-

ging trail in a black spruce scrub, at Sally Cove.

Polystichum braunii: Rare in creek bed communities.
i

Polypodiaceae

Polypodium virginianum: Rare, found on a large boulder

near Western Brook Pond outlet.

Pinaceae

Abies balsamea: Very common in the second growth for-

ests of balsam fir, in the black spruce scrub, in the wind

shaped balsam fir and white spruce scrub and in the

homogenous second growth scrub of balsam fir; very

common to common in the heterogenous second growth

scrub of balsam fir and deciduous shrubs, uncommon in

american

communities dwarf

laurel dwarf scrub, in the peatmoss and reindeer moss

bogs, in the sedge meadows, in the rocky cliff communi-

ties, in the mosaic of herbaceous plant communities along

commu
nities ; rare in ericaceous dwarf scrub.
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Larix laricina: Very common in the american larch scrub;

common in the sedge meadows; uncommon in the black

spruce scrub, in the white birch scrub, in the creek bed

communities, in the black spruce and dwarf laurel dwarf
scrub, in the peatmoss and reindeer moss bogs, and in

the barrens communities.

Picea glauca: Very common in the white spruce scrub;

common in the wind shaped balsam fir and white spruce

scrub; more or less common in second growth forests of

balsam fir; uncommon in the homogenous second growth

scrub of balsam fir; uncommon in the heterogenous sec-

ond growth scrub of balsam fir and deciduous shrubs, in

the white birch scrub, in the creek bed communities, in

the rocky cliff communities, and in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets.

Picea mariana: Very common in the black spruce scrub

and in the black spruce and dwarf laurel dwarf scrub;

uncommon but locally abundant in the second growth
forests of balsam fir; uncommon in the american larch

scrub, in the creek bed communities, in the peatmoss and
reindeer moss bogs, in the sedge meadows, and in the

barrens communities ; rare in the ericaceous dwarf scrub.

Cupressaceae

Juniperus communis: Common in the barrens communi-
ties; uncommon in the american larch scrub, in the

homogenous second growth scrub of balsam fir, in the

black spruce and dwarf laurel dwarf scrub, in the eri-

caceous dwarf scrub, in the peatmoss and reindeer moss
bogs, in the sedge meadows, in the mosaic of herbaceous

plant communities along the seashore and the inlets and
in the rocky cliff communities.

Juniperus horizontalis : Uncommon in the american larch

scrub, in the black spruce and dwarf laurel dwarf scrub

and in the rocky cliff communities.
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Taxaceae

ixus canadensis : Common in the second growth forests

of balsam fir and in the heterogenous second growth

scrub of balsam fir and deciduous shrubs ; more or less

common in black spruce scrub; uncommon in the white

himh R^rnh and in the creek bed communities.

Nymphaeaceae

egatum: Uncommon but locally abundant in

aquatic communities.

Ranunculaceae

Aconitum bicolor: A rare introduced plant for the coastal

plain, found along a small stream at Shallow Bay.

Actaea rubra,: Uncommon in the creek bed communities.

Anemone canadensis : Very rare. Found on a gravelly out-

wash, along Stag River.

Caltha palustris : Common in the american larch scrub and

in the creek bed communities; uncommon in the black

spruce scrub and in the mosaic of herbaceous plant com-

munities along the seashore and the inlets.

Coptis groenlandica: Common in the black spruce scrub;

uncommon in the second growth forests of balsam fir,

in the black spruce and dwarf laurel dwarf scrub, in the

ericaceous dwarf scrub, in the peatmoss and reindeer

moss bogs and in the sedge meadows.

Ranunculus abortivus : Uncommon in the creek bed com-

munities.

Ranunculus acris : Common in the cleared areas; uncom-

mon in the creek bed communities, in the rocky cliff

communities and in the mosaic of herbaceous plant com-

munities along the seashore and the inlets.

Ranunculus cymbalaria: Uncommon and restricted to

rocky cliff communities.

Ranunculus pensylvanicus : Very rare. Found on a gravelly

outwash, along Stag River.
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Ranunculus repens : Uncommon in the wind shaped balsam
fir and white spruce scrub, in the mosaic of herbaceous

plant communities along the seashore and the inlets and
in the cleared areas.

Ranunculus reptans: Rare in the aquatic communities.

Thalictrum alpinum: Common in the american larch scrub.

Thalictrumpolygamum: Very common in the american
larch scrub and in the creek bed communities; uncom-
mon

mosaic of herbaceous plant communities along the

communities

Sarraceniaceae

Sarracenia purpurea: Very common in the sedge meadows;
common in the american larch scrub and in the peatmoss
and reindeer moss bogs; uncommon in the black spruce

and dwarf laurel dwarf scrub; rare in the ericaceous

dwarf scrub.

Urticaceae

Urtica gracilis: Rare in the creek bed communities.

Betulaceae

Alnuscrispa: Common in the heterogenous second growth
scrub of balsam fir and deciduous shrubs and in the white
birch scrub; uncommon in the second growth forests of

balsam fir, in the black spruce scrub, in the creek bed
communities, in the cleared areas and in the barrens
communities.

Ahms rugosa: Very common in the creek bed communities;
common in the black spruce scrub and in the heteroge-

nous second growth scrub of balsam fir and deciduous

shrubs, uncommon in the second growth forests of bal-

sam fir, in the american larch scrub, in the black spruce
and dwarf laurel dwarf scrub, in the sedge meadows and
in the mosaic of herbaceous plant communities along the

seashore and the inlets.
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Betula borealis: Rare in the black spruce and dwarf laurel

,
dwarf scrub. -

,

Betula michauxii: Common in the sedge meadows and
around the small ponds of the peatmoss and reindeer

moss bogs.

Betula papyrifera: Very common in the white birch scrub;

common in the second growth forests of balsam fir and
in the heterogenous second growth scrub of balsam fir

and deciduous shrubs; uncommon in the black spruce

scrub, in the wind shaped balsam fir and white spruce
scrub, in the homogenous second growth scrub of balsam
fir, in the creek bed communities, in the sedge meadows
and in the barrens communities; rare in the peatmoss
and reindeer moss bogs, in the black spruce and dwarf
laurel dwarf scrub and in the ericaceous dwarf scrub.

Betula-pumila: Very common in the american larch scrub;

common in the black spruce scrub; uncommon in the

creek bod communities, in the black spruce and dwarf
laurel dwarf scrub and in the peatmoss and reindeer

moss bogs; rare in the ericaceous dwarf scrub.

Corylaceae

Corylus cornuta: Uncommon in the heterogenous second
growth scrub of balsam fir and deciduous shrubs: rare

m the creek bed communities.

Myricaceae

Mijrica gale: Very common in the american larch scrub

and in the sedge meadows; common in the creek bed
communities, in the black spruce and dwarf laurel dwarf
scrub, in the ericaceous dwarf scrub and in the peatmoss
and reindeer moss bogs; uncommon in the black spruce
scrub, mosaic of herbaceous plant communities alone: the

communities

Portulacaceae

Montia lamprosperma: Uncommon in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets.
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Caryophyllaceae

'flora: Uncommon in the mosaic of herba-

communities along the seashore and the in-

lets.

comm

along the shoreline of the forebay of Western Brook

Pond.

Arenaria peploides: Uncommon in the rocky cliff communi-

ties.

Cerastium arvense: Rare. commu
Western

Pond.

latum: Uncommon in the mosaic

communities along the seashore a

lets, in the rocky cliff communities and in the cleared

areas.

Sagina nodosa: Uncommon in the rocky cliff communities.

Saginaprocumbens: Uncommon in the mosaic of herba-

communities

lets.

Spergiilaria canadensis : Uncommon in the tidal flat com

munities

Uncommon
cleared areas.

Stellaria media: Uncommon in the mosaic of herbaceous

communities
commu

Chenopodiaceae

Atriplex patula: communities

Chenopodium album: Found along the road, at St. Pauls

Salicornia europaea: Common in the tidal flat communities

Salsola kali: Uncommon in the sandy seashores.

onum

Polygonaceae

Found along the road, at St. Pauls
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fowleri: Rare in the mosaic

communities

St. Pauls.

Found at

onum Found along the road, at St. Pauls

Polygonum viviparum: Uncommon in the mosaic

ceous plant communities
communities

Rumex acetosa: Uncommon to rare in the mosaic

communities

lets.

Rumex acetosella: Uncommon to rare in the mosaic of her-

baceous plant communities along the seashore and the

inlets and in the cleared areas.

mexicanus: I

; communities

ommon in the mosaic of herbaceous

Rumex orbiculatus: Uncommon in the american larch

scrub, rocky cliff communities and in the mosaic of her-

baceous plant communities along the seashore and the

inlets.

Hypericaceae

Hypericum virginicum: Uncommon in the sedge m
communities and in the aquatic communi

ties.

Violaceae

Viola cucullata: Common in the creek bed communities;

uncommon in the american larch scrub and in the mosaic

communities

the inlets.

americanViola incognita: Uncommon in the

in the heterogenous second growth scrub of balsam fir

and deciduous shrubs, in the white birch scrub, in the

creek bed communities, in the rocky cliff communities

and in the mosaic of herbaceous plant communities along

the seashore and the inlets; rare in the second growth

forests of balsam fir and in the wind shaped balsam fir

and white spruce scrub.
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Viola lab radorica: Rare in the sedge meadows.

Viola nephrophylla: Rare in the creek bed communities.

Viola pattens: Uncommon in the american larch scrub, in

the creek bed communities and in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets.

Viola remfolia: Uncommon in the second growth forests

of balsam fir, in the black spruce scrub, in the heterog-

enous second growth scrub of balsam fir and deciduous

shrubs, in the white birch scrub, in the creek bed com-

munities and in the mosaic of herbaceous plant commu-
nities along the seashore and the inlets.

Viola renifolia X pallens: Rare in the heterogenous second

growth scrub of balsam fir and deciduous shrubs.

Viola septentrionalis: Rare in the creek bed communities.

Brassicaceae

Cakile edentula: Uncommon in the rocky cliff communities

and on the sandy seashores.

Capsellabursa-pastoris: Uncommon in the rocky cliff com-
munities and in the cleared areas.

Cardamine pensylvanica: Found on a gravelly outwash
along Stag River.

Cochlear ia cyclocarpa: Uncommon in the rocky cliff com-
munities.

Draba glabella: Rare. Found in a rocky cliff community,
along the shoreline of the forebay of Western Brook
Pond.

Draba in carta: Uncommon in the rocky cliff communities.

Salicaceae

Salix Candida : Uncommon in the american larch scrub, in

the creek bed communities and in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets.

Salix discolor: Uncommon in the black spruce scrub, in the
r

american larch scrub, in the white birch scrub and in

the creek bed communities.
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Salix lucida: Found on the western shore of Western Brook
Pond.

Salix pellita: Uncommon in the american larch scrub.

Salix planifolia: Rare. Found on a gravelly outwash, along
Stag River.

Salix serissima: Rare in the american larch scrub.

Populaceae

Populus balsamifera: A few individuals in a white birch
scrub, on the southwest side of Western Brook Pond.

Ericaceae

Andromeda glaucophylla: Very common in the peatmoss
and reindeer moss bogs and in the sedge meadows ; com-
mon in the american larch scrub ; uncommon in the black
spruce and dwarf laurel dwarf scrub and in the erica-

ceous dwarf scrub.

Arctostaphylos alpina: Uncommon and restricted to the
barrens communities.

Chamaedaphne calyculata: Very common in the black

peatmoss
moss bogs: common in the ame

scrub, in the ericaceous dwarf scrub and in the sedge
meadows; uncommon in the black spruce scrub and in

the creek bed communities.

Gaultheria hispidula: Very common in the black spruce
scrub; common in the american larch scrub; uncommon
in the second growth forests of balsam fir, in the homog-
enous second growth scrub of balsam fir and in the black
spruce and dwarf laurel dwarf scrub; rare in the wind
shaped balsam fir and white spruce scrub and in the
ericaceous dwarf scrub.

Kalmia angustifolia: Very common in the black spruce and
dwarf laurel dwarf scrub, in the ericaceous dwarf scrub
and in the peatmoss and reindeer moss bogs ; common in

the black spruce scrub ; uncommon in the second growth
forests of balsam fir, in the american larch scrub, in the
sedge meadows and in the barrens communities.
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Kalmiapolifolia: Very common in the peatmoss and rein-

deer moss bogs; common in the black spruce and dwarf

laurel dwarf scrub, ericaceous dwarf scrub and in the

meadows; uncommon
communiti

enlandicum: Very common
american

and dwarf laurel dwarf scrub, in the ericaceous dwarf

scrub and in the peatmoss and reindeer moss bogs ;
corn-

in thp. sedffe meadows: uncommon in the barrensmon in tne sedge

communities.

Loiselewiaprocumbens: Uncommon and restricted to the

barrens communities.

Rhododendron canadense : Very common in the ericaceous

dwarf scrub; uncommon in the black spruce scrub, in

the creek bed communities, in the black spruce and

dwarf laurel dwarf scrub and in the barrens communi-

ties.

Vacciniaceae

Gaylussacia baccata: Rare in the ericaceous dwarf scrub.

dumosa: Uncommon in the peatmoss

moss

iccinium angustifolium : Very common in the black

spruce and dwarf laurel dwarf scrub and in the erica-

ceous dwarf scrub; common in the black spruce scrub

and in the peatmoss and reindeer moss bogs ;
uncommon

in the homogenous second growth scrub of balsam fir, in

thp creek bed communities, in the sedge meadows and in

communities

macroca/r oon: Uncommon in the sedge meadows

and in the tidal flat communities ; also found around the

ponds of peatmoss and reindeer moss bogs.

Vaccinium oxycoccos : Very common in the american larch

scrub, in the peatmoss and reindeer moss bogs and in the

sedge meadows; common in the black spruce scrub and

in the black spruce and dwarf laurel dwarf scrub; un-

common in the ericaceous dwarf scrub and in the mosaic
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communities

the inlets.

Vactinium uliginosum: Common in the peatmoss and rein-

deer moss bogs and in the barrens communities; uncom-

mon in the ericaceous dwarf scrub, in the sedge meadows

and in the mosaic of herbaceous plant communities along

the seashore and the inlets ; rare in the black spruce and

dwarf laurel dwarf scrub.

Vactinium vitis-idaea: Very common in the black spruce

and dwarf laurel dwarf scrub and in the ericaceous

dwarf scrub ; common in the black spruce scrub ;
uncom-

mon in the peatmoss and reindeer moss bogs, in the

mosaic of herbaceous plant communities along the sea-

shore and the inlets and in the barrens communities;

balsam

Pyrolaceae

Moneses uniflora: Uncommon in the second growth forests

of balsam fir, in the american larch scrub, in the wind

shaped balsam fir and white spruce scrub, in the homog-

enous second growth scrub of balsam fir and in the

balsam

ciduous shrubs.

irola asarifolia : More or less common in the american

larch scrub; uncommon in the creek bed communities.

mmo Uncommon in the second growth

balsam

balsam

Pyrolasecunda: Uncommon in the second growth forest;

of balsam fir, in the black spruce scrub and in the amer

ican larch scrub.

Monotropacea

Mon growth

balsam

Monotropa uniflora: More or less common in the second

growth forests of balsam fir; uncommon in the wind

shaned balsam fir and white spruce scrub, in the heterog-
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enous second growth scrub of balsam fir and deciduous

shrubs, in the white birch scrub, and in the creek bed

communities; rare in the black spruce scrub.

Empetraceae

Empetrum eamesii: Uncommon in the barrens communi-

ties.

Empet?wum nigrum: Very common in the black spruce and

dwarf laurel dwarf scrub and in the peatmoss and rein-

deer moss bogs; common in the ericaceous dwarf scrub

and in the sedge meadows ; uncommon in the black spruce

scrub, in the rocky cliff communities, in the mosaic of

herbaceous plant communities along the seashore and the

inlets and in the barrens communities.

Diapensiaceae

Diapensia lapponica: Uncommon, but locally abundant, in

the barrens communities.

Primulaceae

Glaux maritima: Rare in the peatmoss and reindeer moss

bogs; uncommon in the tidal flat communities.

Lysimachia terrestris: Uncommon in the aquatic communi-
ties.

Primula laurentiana: Uncommon in the rocky cliff com-

munities and in the mosaic of herbaceous plant communi-

ties along the seashore and the inlets.

Primula mistassinica: Rare but locally abundant in an

american larch scrub.

Trientalis borealis: Common in the second growth forests

of balsam fir, in the american larch scrub, in the erica-

ceous dwarf scrub, in the peatmoss and reindeer moss
bogs and in the sedge meadow; more or less common in

the black spruce scrub; uncommon in the homogenous
balsam

balsam :

f

communities

mosaic of herbaceous plant communiti
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seashore and the inlets and in the barrens communities

;

rare in the black spruce and dwarf laurel dwarf scrub

and in the wind shaped balsam fir and white spruce

scrub.

Grossulariaceae

Ribes glandulosum: Uncommon in the homogenous second

growth scrub of balsam fir, in the heterogenous second

growth scrub of balsam fir and deciduous shrubs, in the

white birch scrub and in the creek bed communities ; rare

in the second growth forests of balsam fir.

Ribes lacustre: Uncommon in the second growth forests of

balsam fir, in the black spruce scrub, in the heterogenous

second growth scrub of balsam fir and deciduous shrubs,

in the white birch scrub and in the creek bed communi-

ties.

Ribes triste: Uncommon in the black spruce scrub, in the
' balsam fir ;

communities

Crassulaceae

Sedum rosea: Uncommon but locally abundant in the rocky

cliff communities.

Saxifragaceae

Mitella nuda amencan
more or less common in the black spruce scrub; uncom

mon in the white birch scrub and in the creek bed com

munities : rare in the second growth forests of balsam fir

communiSaxifraga aizoon: Rare. Found in a rocky cliff

along the shoreline of the forebay of Western Brook

Pond.

Saxifraga cespitosa: Rare and restricted to rocky cliff

communities.

Parnassiaceae

Parnassiaparviflora: Rare and restricted to rocky cliff
• i •

communities.
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r

Rosaceae

Agrimonia striata: Found along the roadside, at Shallow

Bay.

Alchemilla filicaulis : Found on a gravelly outwash, along

Stag River.

Amelanchier bartramiana: Uncommon in the black spruce

scrub, in the american larch scrub and in the ericaceous

dwarf scrub; rare in the black spruce and dwarf laurel

dwarf scrub.

Amelanchier laevis : Uncommon to rare in the black spruce

and dwarf laurel dwarf scrub.

Amelanchier spicata: Uncommon in the ericaceous dwarf
scrub; rare in the second growth forests of balsam fir.

Fragaria virginiana: Uncommon in the rocky cliff com-

munities, in the mosaic of herbaceous plant communities

along the seashore and the inlets and in the cleared areas.

Geum macrophyllum : Uncommon in the american larch

scrub and in the creek bed communities.

Geumrivale: Uncommon in the black spruce scrub, in the

american larch scrub and in the creek bed communities.

Potentilla anserina: Uncommon in the rocky cliff commu-
nities, in the mosaic of herbaceous plant communities

along the seashore and the inlets, in the tidal flat com-

munities and in the cleared areas.

Potentilla egedei: Uncommon along the sandy seashores.

Potentilla frnticosa: Common in the american larch scrub;

uncommon in the sedge meadows and in the creek bed

communities.

Potentilla palnstris: Uncommon in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets and in the small creeks.

Potentilla norvegica: Uncommon in the cleared areas.

Potentilla tridentata: Uncommon in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets and in the barrens communities.

Prunus virginiana: Uncommon in the heterogenous second

growth scrub of balsam fir and deciduous shrubs and in

the creek bed communities.
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americana • Uncommon to rare, on the dunes of

Western Brook, in a balsam fir, white spruce and green

alder formation. Rarely found in the second growth

forests of balsam fir.

Pyrus decora: Common in the second growth forests of

balsam fir; uncommon in the black spruce scrub, in the

creek bed communities, in the homogenous second growth

scrub of balsam fir, in the heterogenous second growth

scrub of balsam fir and deciduous shrubs, in the white

hirr.h scrub and in the barrens communities.

rpa: Common in the ericaceous dwarf

peatmoss and reindeer moss bogs and in the
me

sedge meadows; rare in the creek bed communities.

Rosanitida: Uncommon in the black spruce scrub, in the

creek bed communities and in the sedge meadows; rare

in the black spruce and dwarf laurel dwarf scrub and in

the american larch scrub.

Rubus acaulis : Uncommon to rare in the mosaic of herba-

communities

lets.

chamaemoms: Very common in the black spruce

and dwarf laurel dwarf scrub and in the peatmoss and

reindeer moss bogs; common in the ericaceous dwarf

scrub; more or less common in the black spruce scrub;

uncommon in the sedge meadows.

Rubus idaeus: Common in the heterogenous second growth

scrub of balsam fir and deciduous shrubs ; uncommon in

the homogenous second growth scrub of balsam fir, in the

creek bed communities, in the mosaic of herbaceous plant

communities along the seashore and the inlets and in the

cleared areas.

Rubus pubescens : Common in the black spruce scrub and

in the american larch scrub; uncommon in the second

growth forests of balsam

growth scrub of balsam i

communities

mosaic of herbaceous plant communities along the

seashore and the inlets.
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Sanguisorba canadensis: Common in the american larch

scrub and in the creek bed communities; uncommon in

the black spruce scrub, in the white birch scrub, in the
black spruce and dwarf laurel dwarf scrub, in the sedge
meadows, in the mosaic of herbaceous plant communities
along the seashore and the inlets and in the tidal flat

communities.

Spiraea Jatifolia: Common in the creek bed communities

;

uncommon in the black spruce scrub, in the mosaic of
herbaceous plant communities along the seashore and
the inlets and in the tidal flat communities.

Fabaceae

Lathyrus jwponicus : Uncommon in the rocky cliff commu-
nities and in the mosaic of herbaceous plant communities

commu

along the seashore and the inlets.

Lathyrus palust ris : Uncommon in the rocky cliff

nities, in the mosaic of herbaceous plant communities
along the seashore and the inlets and in the tidal flat

communities.

Trifolium pratense: Uncommon in the mosaic of herba-
ceous plant communities along the seashore and the inlets

and in the cleared areas.

Trifoliumrepens: Uncommon in the rocky cliff communi-
ties and in the cleared areas.

Vlciacracca: Uncommon in the cleared areas

Droseraceae

Drosera anglica: Uncommon in the sedge meadows
Drosera intermedia: Rare to uncommon in the wet

Drosera linearis:

moss and reindeer moss i

ery rare in the peat moss
moss bogs. Found south of Bakers Brook.
rosera rotundifolia: Very common in the peat moss and
reindeer moss bogs and in the sedge meadows ; common
in the american larch scrub; uncommon in the black
spruce scrub and in the black spruce and dwarf laurel
dwarf scrub; rare in the ericaceous dwarf scrub.
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Onagraceae

Circaea alpina : Uncommon in the wind shaped balsam fir

and white spruce scrub, in the heterogenous second

growth scrub of balsam fir and deciduous shrubs, in the

creek bed communities and in the rocky cliff communi-

ties.

Epilobium angustifolium: Uncommon in the black spruce

scrub; uncommon but locally abundant in the cleared

areas.

turn West

ern Brook Pond.

niobium alandulosum: Uncommon in the american

communities

areas

;

communities

_ x n latifolium: Very rare in the sandy seashore and

lake communities. A large colony was found at the

mouth of Stag River.

Epilobium palustre: More or less common in the american

larch scrub ; uncommon in the creek bed communities, in

the rocky cliff communities, in the mosaic of herbaceous

plant communities along the seashore and the inlets and

in the tidal flat communities.

Myriophyllaceae

Myriophyllumaltemiflorum: Uncommon in the aquatic

communities.

Myriophijllum tenellum : Uncommon in the aquatic com-

munities.

Hippuridaceae

Hivnuris vulgaris: Uncommon to rare in small

Aceraceae

urn • Very rare. A few individuals have been

found in a black spruce scrub, south of Bakers Brook.

zerspicatum: More or less common in the second growth

forests of balsam fir ; common in the heterogenous second

growth scrub of balsam fir and deciduous shrubs; un-
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common in the black spruce scrub, in the american larch

scrub and in the creek bed communities.

Balsaminaceae

Impatiens capensis : Common in the creek bed communi-
ties; uncommon in the mosaic of herbaceous plant com-
munities along the seashore and the inlets.

Cornaceae

Cornus canadensis : Very common in the ericaceous dwarf
scrub; common in the second growth forests of balsam
•fir and in the black spruce scrub; uncommon in the

american larch scrub, in the homogenous second growth
scrub of balsam fir, in the heterogenous second growth
scrub of balsam fir and deciduous shrubs, in the creek

bed communities, in the black spruce and dwarf laurel

dwarf scrub, in the peatmoss and reindeer moss bogs, in

the mosaic of herbaceous plant communities along the
seashore and the inlets and in the barrens communities.

Cornus stolonifera: Common in the creek bed communities;
uncommon in the black spruce scrub, in the american
larch scrub, in the heterogenous second growth scrub of

balsam fir and deciduous shrubs and in the white birch
scrub.

Cornus suecica: Uncommon to rare. Found on an exposed
rocky peninsula colonized by a krummholz of balsam fir,

on the north shore of the St. Pauls Inlet.

Araliaceae

Aralia nudicaulis : Uncommon in the creek bed communi-
balsam

Apiaceae

Angelica atropurpurea: More or less common in the amer-

ties.

uncommon in the creek bed communi-

Carum carvi: Uncommon in the cleared areas.
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Contoselinum chinense: Uncommon in the black spruce

scrub, in the american larch scrub, in the creek bed com-

munities, in the rocky cliff communities and in the

mosaic of herbaceous plant communities along the sea-

shore and the inlets.

Heracleum maximum: Uncommon in the black spruce

scrub, in the white birch scrub, in the creek bed com-

munities, in the mosaic of herbaceous plant communities

along the seashore and the inlets and in the cleared areas.

Ligusticum scothicum: Uncommon in the rocky cliff com-

munities and in the mosaic of herbaceous plant commu-
nities along the seashore and the inlets.

Aquifoliaceae

Nemopanthus mucronata: Uncommon in the second growth

forests of balsam fir, in the black spruce scrub, in the

homogenous second growth scrub of balsam fir, in the

creek bed communities, in the black spruce and dwarf

laurel dwarf scrub and in the ericaceous dwarf scrub;

rare in the peatmoss and reindeer moss bogs.

Rhamnaceae

Rhamnus alnifolia: Common in the american larch scrub;

uncommon in the creek bed communities; rare in the

black spruce scrub.

Santalaceae

Comandra richardsiana : Very rare in the peat moss and

reindeer moss bogs. Found south of St. Pauls.

Geocaulonlividum: Uncommon in the black spruce and

dwarf laurel dwarf scrub.

Elaeagnaceae

Shepherdia canadensis : Uncommon to rare in the rocky

cliff communities ; found also in a small stand of krumm-
holz near the mouth of Western Brook.

Caprifoliaceae

Linnaea borealis: Common in the second growth forests of

balsam fir, in the black spruce scrub and in the american
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larch scrub ; uncommon in the homogenous second growth
scrub of balsam fir, in the creek bed communities, in the

black spruce and dwarf laurel dwarf scrub and in the

sedge meadows; rare in the wind shaped

white spruce scrub.

balsam

Loniceravillosa: Common in the sedge meadows; uncom-
mon in the black spruce scrub, in the american larch

scrub, in the homogenous second growth scrub of balsam

fir, in the creek bed communities, in the peatmoss and

reindeer moss bogs and in the mosaic of herbaceous plant

communities along the seashore and the inlets.

Sambucuspubens: Uncommon but locally abundant along

the roadside, south of Bakers Brook.

Viburnum cassino ides: Uncommon in the black spruce

scrub, in the homogenous second growth scrub of bal-

sam fir, in the creek bed communities, in the black spruce

and dwarf laurel dwarf scrub and in the ericaceous

dwarf scrub; rare in the second growth forests of bal-

sam fir.

Viburnum edule: Uncommon in the white birch scrub; rare

in the black spruce scrub.

Viburnum trilobum: Uncommon in the creek bed commu-
nities; rare in the second growth forests of balsam fir.

Gentianaceae

Gent iana nesophila: Uncommon in the rocky cliff commu-
nities; uncommon to rare in the mosaic of herbaceous

plant communities along the seashore and the inlets.

Halenia deflexa: Uncommon in the mosaic of herbaceous

plant communities along the seashore and the inlets.

Lomatogonium rotatum: Uncommon to rare. Found on a

trail at St. Pauls.

Menyanthaceae

Menyanthes trifoliata: Common in the sedge meadows;
uncommon in the mosaic of herbaceous plant communi-
ties along the seashore and the inlets; rare in the creek

bed communities.
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Rubiaceae

Galium asprellum: More or less common in the creek bed

communities.

Galium kamtschaticum: Rare in the black spruce scrub.

Galium labradoricum: Very common in the american larch

scrub; common in the creek bed communities; uncom-

mon in the mosaic of herbaceous plant communities along

the seashore and the inlets.

Galium pahistre: Uncommon in the tidal flat communities.

Galium trifidum: Uncommon in the creek bed communities.

Galium triftovum: Uncommon in the black spruce scrub, in

the heterogenous second growth scrub of balsam fir and

deciduous shrubs, in the white birch scrub and in the

creek bed communities.

Convolvulaceae

Convolvulus septum: Uncommon in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets.

Boraginaceae

Mertensia maritima: Uncommon in the rocky cliff commu-
nities ; found all along the seashore.

Myosotis laxa: Uncommon in the mosaic of herbaceous

communities

Scrophulariaceae

Castilleja septentrionalis: Rare, found under a white

spruce scrub, at the mouth of Western Brook.

Euphrasia: This is a very complex genus. Uncommon in

communities, in the mosaic

commu
communities

Mimulus moschatus: Uncommon to rare, found on a trail

near Berry Hill.

Pedicularis palustris: Rare in the sedge meadows, found

also along the road.



244 Rhodora [Vol. 78

Rhinanthus crista-galli: Uncommon in the american larch

scrub, in the rocky cliff communities, in the mosaic of

herbaceous plant communities along the seashore and the

inlets and in the cleared areas.

Veronica americana: Uncommon to rare, found along a

trail, in an american larch scrub, at Cow Head.

Veronica serpy llifolia: Along the roadside, on a dry grav-

elly shoulder, at Green Point.

Lentibulariaceae

Pinguecula vulgaris: Uncommon in the sedge meadows, in

iff communities and in the mosaic

communities alone: the seashore a

lets.

Utricularia cornuta: Uncommon
peatmoss and reindeer moss

bogs.

Utricularia intermedia : Uncommon in the sedge meadows
and in the aquatic communities.

Utricularia minor: Uncommon in the sedge meadows, in

the aquatic communities and in the wet depressions of

the peatmoss and reindeer moss bogs.

Utricularia vulgaris: Uncommon in the aquatic communi-

ties.

Plantaginaceae

Littorella americawa : Rare to uncommon in the aquatic

communities.

Plantago juncoides: Common to uncommon in the rocky

cliff communities; uncommon in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets, in the tidal flat communities and in the cleared

areas.

Plantago major: Uncommon in the rocky cliff communities,

in the mosaic of herbaceous plant communities along the

seashore and the inlets and in the cleared areas.

Plantago oliganthos: Uncommon in the tidal flat communi-

ties.
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Lamiaceae

Galeopsis tetrahit: Uncommon in the cleared areas.

Lycopies americanus : Rare in the creek bed communities.

Lycopus uniflorus : Uncommon in the creek bed communi-

ties, in the sedge meadows and in the aquatic communi-

ties.

Mentha arvensis: Uncommon in the creek bed communities.

Prunella vulgaris: Uncommon in the american larch scrub

and in the cleared areas.

Scutellaria epilobiifolia: Uncommon in the creek bed com-

munities.

Scutellaria lateriflora: Uncommon in the creek bed com-

munities.

Callitrichaceae

Callitriche hermaphroditica: Uncommon to rare in the

small streams.

Campanulaceae

Campanula rotundifolia : Uncommon in the sedge meadows,

in the rocky cliff communities and in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets.

Lobeliaceae

Lobelia dortmanna: Uncommon to rare in the aquatic com-

munities.

Lobelia kalmii: Rare, found in a wet depression within a

cleared area, just north of Rocky Harbour.

Asteraceae

jhillea millefolium: Uncommon in the rocky cliff com-

munities, in the mosaic of herbaceous plant communities

along the seashore and the inlets and in the cleared areas.

mphalis margaritacea : Uncommon in the mosaic of her-

baceous plant communities along the seashore and the

inlets and in the cleared areas.
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Antennaria spathulata: Rare. Found in a rocky cliff com-

munity, along the shoreline of the forebay of Western

Brook Pond.

Aster foliaceus: More or less common in the american

larch scrub; uncommon in the creek bed communities, in

the rocky cliff communities, in the mosaic of herbaceous

plant communities along the seashore and the inlets and

in the tidal flat communities.

Aster nemoralis : Common in the sedge meadows; uncom-

mon in the aquatic communities and in the wet depres-

sions of the peatmoss and reindeer moss bogs.

Aster puniceus : Common in the creek bed communities;

uncommon in the black spruce scrub, in the white birch

scrub, in the mosaic of herbaceous plant communities

along the seashore and the inlets and in the tidal flat

communities.

Aster radula: Common in the american larch scrub and in

the sedge meadows ; uncommon in the black spruce scrub,

in the creek bed communities, in the tidal flat communi-
ties and in the aquatic communities.

Aster umbellatus : Uncommon in the cleared areas.

Chrysanthemum leucanthe?num : Uncommon to common in

the cleared areas.

Cirsium arvense: Uncommon in the mosaic of herbaceous

plant communities along the seashore and the inlets and
in the cleared areas; rare in the black spruce scrub.

Cirslum muticum: Uncommon to rare in the creek bed

communities.

Eupatonum maculatum: Uncommon in the creek bed com-
munities.

Leontodon autumnalis: Uncommon in the rocky cliff com-
munities, in the mosaic of herbaceous plant communities
along the seashore and the inlets and in the cleared areas.

Mati xria matricarioides : Uncommon to rare in the rock]

communities; uncommon in the cleared areas.

thes trifoliolata : Uncommon in the rocky cliff com
mun
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Senecio aureus: Uncommon in the black spruce scrub, in

the american larch scrub and in the creek bed communi-
ties.

Senecio pseudo-arnica: Found along the shore of St. Pauls
Inlet.

Uncommon in the rockv cliff communities

canadensis: Uncommon
Solidago macrophylla : Uncommon in the black spruce

scrub, in the heterogenous second growth scrub of bal-

sam fir and deciduous shrubs and in the creek bed com-
munities ; rare to uncommon in the second growth forests

of balsam fir.

Solidago rugosa: Common in the creek bed communities;
uncommon in the white birch scrub and in the cleared

areas.

Solidago uliginosa: Very common in the american larch

scrub; common in the black spruce scrub, in the creek

bed communities and in the sedge meadows.
Sonchus arvensis : Uncommon in the mosaic of herbaceous

plant communities along the seashore and the inlets.

Tanaceturn vulgare: Found on the roadside, at Martin
Point.

v

Taraxacum officinale: Common to uncommon in the cleared

areas; uncommon in the rocky cliff communities and in

the mosaic of herbaceous plant communities along the

seashore and the inlets.

Alismataceae

Sagittaria graminea: Uncommon to rare in the aquatic

communities

Juncaginaceae

Triglochin gaspense: Uncommon in the tidal flat communi-
ties.

maritima: Common in the american
uncommon in the sedge meadows.

Triglochin palustris: Uncommon in the mosaic of herba-
ceous plant communities aloner the seashore and the in-
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lets and in the wet depressions of the peatmoss and rein-

deer moss bogs.

Zosteraceae

Zostera marina: Uncommon to common in the tidal flat

communities.

Potamogetonaceae

Potamogeton alpinus: Uncommon but locally abundant in

the small streams.

Potamogeton amplifolius: Uncommon to rare in the aquatic

communities.

Potamogeton epihydrus: Uncommon in the ponds of the

peatmoss and reindeer moss bogs, in the small streams

and in the aquatic communities.

Potamogeton filiformis: Uncommon in the tidal flat com-

munities.

Potamogeton gramineus: Uncommon in the aquatic com-

munities.

Potamogeton natans: Uncommon but locally abundant in

the small streams.

Ruppiaceae

Ruppia maritima : Uncommon in the tidal flat communities.

Liliaceae

Cllntonia borealis: Common in the second growth forests

of balsam fir; uncommon in the black spruce scrub, in

the heterogenous second growth scrub of balsam fir and

deciduous shrubs and in the creek bed communities.

Maianthemum canadense: Common in the second growth

forests of balsam fir and in the ericaceous dwarf scrub;

uncommon in the black spruce scrub, in the wind shaped

balsam fir and white spruce scrub, in the heterogenous

second growth scrub of balsam fir and deciduous shrubs,

in the white birch scrub, in the creek bed communities,

in the peatmoss and reindeer moss bogs, in the mosaic

of herbaceous plant communities along the seashore and
the inlets and in the barrens communities.
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Smilacina stellata: Uncommon in the creek bed communi-

ties, in the rocky cliff communities, in the mosaic of her-

baceous plant communities along the seashore and the

communities

Smilacina trifolia: Very common
american larch scrub: common

bed communities, in the black spruce and dwarf laurel

dwarf scrub and in the sedge meadows; uncommon in

the ericaceous dwarf scrub, in the peatmoss and reindeer

moss bogs, in the mosaic of herbaceous plant communi-

ties along the seashore and the inlets and in the barrens

communities.

Streptopus amplexifolius: Uncommon to rare in the second

growth forests of balsam fir, in the heterogenous second

growth scrub of balsam fir and deciduous shrubs and in

the creek bed communities.

Streptopus roseus: Uncommon to rare in the second growth

forests of balsam fir and in the creek bed communities.

Tofieldia glutinosa: Uncommon in the american larch scrub

and in the sedge meadows.

Trilliaceae

Trillium cernuum: Rare in the creek bed communities

Iridaceae

Iris hookeri: Uncommon but locally abundant in the rocky

cliff communities and in the mosaic of herbaceous plant

communities along the seashore and the inlets; uncom-

mon in the tidal flat communities.

Iris versicolor: Common in the american larch scrub and

in the creek bed communities; uncommon but locally

abundant in the mosaic of herbaceous plant communities

along the seashore and the inlets ; uncommon in the sedge

meadows and in the tidal flat communities.

Sisyrinchium montanum: Uncommon in the mosaic of her-

baceous plant communities along the seashore and the

inlets.
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Orchidaceae

Arethusa bulbosa: Uncommon in the sedge meadows and
in the peatmoss and reindeer moss bogs.

Calopogonpulchelhts: Uncommon to rare in the peatmoss

and reindeer moss bogs.

Corallorhiza maculata: Rare in the second growth forests

of balsam fir, at Berry Hill.

Cypripediumacaule: Rare, found in a dry creek bed near

Berry Hill.

Cypripedium calceolus : Rare in the black spruce scrub,

found near Berry Hill.

Cypripedium reginae : Uncommon in the american larch

scrub.

Goodyerarepens: Uncommon in the second growth forests

of balsam fir.

Goodyera tesselata: Uncommon in the second growth for-

ests of balsam fir and in the heterogenous second growth
scrub of balsam fir and deciduous shrubs.

Habenaria cktvellata: Rare in the sedge meadows.

Habenaria dilatata: Common in the american larch scrub

;

uncommon in the black spruce scrub, in the creek bed

communities and in the mosaic of herbaceous plant com-
munities along the seashore and the inlets.

Habenaria hyperborea: Uncommon in the american larch

scrub.

Habenaria obtusata: More or less common in the second

growth forests of balsam fir; uncommon in the black

spruce scrub, in the homogenous second growth scrub of

balsam fir and in the wind shaped balsam fir and white
spruce scrub.

Habenaria orbiculata: Rare in the second growth forests

of balsam fir,

Habenaria psycodes: Uncommon to rare in the mosaic of

herbaceous plant communities along the seashore and
the inlets and in the creek bed communities.

Listera convallarioides: Uncommon in the black spruce

scrub and in the american larch scrub.



1976] Gros Morne— Bouchard & Hay 251

Listera cordata: More or less common in the second growth
forests of balsam fir; uncommon in the black spruce

scrub and in the american larch scrub.

Malaxis unifolia: Uncommon to rare in the american larch

scrub and in the sedge meadows.

Pogonia ophioglossoides : Uncommon in the sedge meadows.

Spiranthes romanzoffktna: Found on a wet sloping trail, at

St. Pauls.

Juncaceae

Juncus articulatus: Rare in the american larch scrub.

Juncus balticus: Uncommon in the tidal flat communities.

Juncus brevicaudatus: Uncommon in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets, in the tidal flat communities and in the cleared

areas.

Juncus bufonius: Uncommon in the heterogenous second

growth scrub of balsam fir and deciduous shrubs.

Juncus canadensis: Uncommon in the american larch scrub.

Juncus effusus: Uncommon in the cleared areas.

Juncus filiformis: Uncommon in the american larch scrub
and in the mosaic of herbaceous plant communities along
the seashore and the inlets.

Juncus pelocarpus: Uncommon in the aquatic communities
and in the flashets of the peatmoss and reindeer moss
bogs.

Juncus stygius: Rare in the sedge meadows.

Juncus tenuis: Uncommon in the heterogenous second
growth scrub of balsam fir and deciduous shrubs.

Juncus trifidus: Uncommon in the barrens communities.

multiflora: Uncommon
sam

the cleared areas.

communLuzula spicata : Rare. Found in a rocky cliff

hftlong the shoreline of the forebay of Western Brook
Pond. i

•

i
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Cyperaceae

Carex angustior: Found on a logging trail at Sally Cove.

Carex aquatilis: Uncommon but locally abundant in the

creek bed communities ; uncommon in the american larch

scrub, in the peatmoss and reindeer moss bogs and in the

sedge meadows.

Carex atratiformis: Uncommon in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets.

Carex aurea: Uncommon in the mosaic of herbaceous plant

communities along the seashore and the inlets.

Carex brunnescens: Uncommon in the mosaic of herba-

ceous plant communities along the seashore and the inlets

and in the creek bed communities.

Carex buxbaumii: Uncommon in the mosaic of herbaceous

plant communities along the seashore and the inlets and

in the creek bed communities.

Carex canescens: Uncommon in the american larch scrub,

in the creek bed communities, in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets and in the tidal flat communities.

Carex capillaris: Uncommon in the rocky cliff communities

and in the mosaic of herbaceous plant communities along

the seashore and the inlets.

Carex cephalantha: Uncommon in the wet depressions of

moss

mea
com

Carex chordorrhiza: Rare in the sedge

Carex crawei: Rare in the dunes and s

munities.

Carex deweyana: Uncommon to rare in the cleared areas.

Carex diandra: Uncommon in the american larch scrub.

Carex disperma: Uncommon in the black spruce scrub and

in the american larch scrub; rare in the creek bed com-

munities.

Carex exilis: Very common in the sedge meadows; uncom-

mon in the american larch scrub and in the peatmoss and

reindeer moss bogs.
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Carexflava: Uncommon in the creek bed communities.

Carex gracillima: Found on a logging trail, near Berry Hill

Carex gynocrates: Uncommon in the american larch scrut

meadows
scrub.

Carex interior: Very common in the american larch scrub;

uncommon in the black spruce scrub, in the creek bed

communities and in the tidal flat communities.

Carex intumescens: Uncommon in the creek bed communi-

ties.

Carex lasiocarpa: Very common in american larch scrub;

common in the sedge meadows; uncommon in the black

spruce scrub and in the creek bed communities.

Carex lepidocarpa: Uncommon in the american larch scrub.

Carex leptalea: Common in the american larch scrub and

in the creek bed communities; uncommon in the black

spruce scrub.

Carex leptonervia: Uncommon in the creek bed communi-

ties and in the mosaic of herbaceous plant communities

along the seashore and the inlets.

Carex limosa: Common in the sedge meadows ; uncommon

in the american larch scrub, in the mosaic of herbaceous

plant communities along the seashore and the inlets, in

the tidal flat communities and the wet depressions of the

peatmoss and reindeer moss bogs.

Carex livida: Common in the american larch scrub and in

the sedge meadows.
Carex mackenziei: Uncommon in the tidal flat communities.

Carex michauxiana: Found on a wet muddy edge of a pond,

near Berry Hill.

Carex miliaris : Uncommon in the dunes and sandy sea-

shore communities.

Carex nigra: Uncommon in the rocky cliff communities.

Uncommon but locally abundant in the mosaic of herba-

ceous plant communities along the seashore and the in-

lets and in the cleared areas.

Carex oligosperma: Found on a wet trail near Western

Brook Pond.
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communiCarex paleacea: Uncommon in the tidal flat

Carexpallescens: Found on a logging trail at Sally Cove.
Carex pauciflora: Uncommon in the sedere meadows: rare

dwa
the ericaceous dwarf scrub.

Carex paupercula: Uncommon in the black spruce scrub,

in the american larch scrub and in the creek bed com-
munities.

Carex pieperiana: Uncommon in the american larch scrub.

Carex projecta: Found on a logging trail, north of St.

Pauls Inlet.

Carex rariflora: Common in the peatmoss and reindeer

moss bogs; uncommon in the sedge meadows.
Carex recta: Uncommon in the creek bed communities and

in the mosaic of herbaceous plant communities along the
seashore and the inlets.

Carex rostrata: Uncommon in the black spruce scrub, in

the american larch scrub, in the creek bed communities,
in the sedge meadows, in the aquatic communities and in

ret depressions of the peatmoss and reindeer moss

meadow

bogs.

Carex rupestris: Uncommon in th

Carex salina: Uncommon but locally abundant in the tidal

flat communities.

Carex scoparia: Uncommon in the mosaic of herbaceous
plant communities along the seashore and the inlets, in

the tidal flat communities and in the heterogenous second
growth scrub of balsam fir and deciduous shrubs.

Carex stipata: Uncommon in the creek bed communities
and in the mosaic of herbaceous plant communities along
the seashore and the inlets.

Carex teniaflora: Uncommon in the american larch scrub.
Carex trisperma: Very common in the black spruce scrub;
uncommon in the american larch scrub, in the creek bed
communities, in the black spruce and dwarf laurel dwarf
scrub, in the ericaceous dwarf scrub and in the cleared
areas am
in the wind shaped balsam fir and white spruce scrub.
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Carex vaginata: Uncommon
in the american larch scrub.

Carexvesicaria: Found on a logging trail, north of St.

Pauls Inlet.

Carexviridnla: Found on the roadside, near Western

Brook, and on a trail, at St. Pauls.

Carex viridula X lepidocarpa: Found on a wet trail, at Cow
Head.

Eleocharis halophila: Uncommon in the tidal flat communi-

ties.

Eleocharis palustris : Uncommon but locally abundant in

the aquatic communities.

Eleocharis smallii: Uncommon in the mosaic of herbaceous

plant communities along the seashore and the inlets.

Eriophorum angustifolium : Common in the american larch

scrub; more or less common in the sedge meadows; un-

common in the black spruce and dwarf laurel dwarf
peatmoss

moss

wm Uncommon, in the wet depres-

peatmoss and reindeer moss

Eriophorum gracile: Uncommon ii

the peatmoss and reindeer moss

Eriophorum spissam (inch : Erio$ eanum

mon More or less common in the black spruce and

urel dwarf scrub; uncommon in the ericaceous

rub and in the peatmoss and reindeer moss bogs

;

he black spruce scrub and in the sedge meadows.

Uncommon to rare in the peat-^lophorum virginicwm:

moss and reindeer moss

Eriophonim viridi-carinatum: Uncommon to rare in the

black spruce scrub.

Rhynchospora alba: Uncommon in

common but locally abundant in

the peatmoss and reindeer moss

mead

irpus acutus : Uncommon in the tidal flat communities

uncommon but locally abundant in the aquatic communi

ties.
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Scirpus americanus: Uncommon in the tidal flat communi-
ties.

Scirpus atrocinctus: Uncommon to rare in the creek bed

communities.

Scirpus cespitosus: Very common in the peatmoss and rein-

deer moss bogs and in the sedge meadows; common in

the american larch scrub ; uncommon in the black spruce

and dwarf laurel dwarf scrub and in the ericaceous dwarf
scrub,

Scirpus hudsonianus: Uncommon in the american larch

scrub and in the sedge meadows.
Scirpus rufus: Uncommon in the tidal flat communities.

Scirpus subterminalis : Uncommon in the aquatic communi-
ties.

Eriocaulaceae

Eriocaulon septangulare: Uncommon to rare in the aquatic

communities and in the sedge meadows.

Poaceae

Agropyronrepens: Uncommon in the cleared areas.

Agropyron trachycaulum: Uncommon in the american

larch scrub.

Agrostis alba: Common in the mosaic of herbaceous plant

communities along the seashore and the inlets and in the

cleared areas; uncommon in the rocky cliff communities
and in the tidal flat communities.

Agrostis scabra: Common in the american larch scrub.

Agrostis tenuis: Uncommon in the mosaic of herbaceous
plant communities along the seashore and the inlets.

Ammophila breviligulata: Very common in the dunes and
sandy seashore communities, uncommon in the mosaic of

herbaceous plant communities along the seashore and
the inlets.

Anthoxanthum odoratum: Uncommon in the mosaic of

communities
inlets.

Bromus ciliatus : More or less common in the american
larch scrub, uncommon in the creek bed communities.
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Calamagrostis canadensis: Common in the creek bed com-

munities and in the sedge meadows; uncommon in the

black spruce scrub, in the ericaceous dwarf scrub, in the

peatmoss and reindeer moss bogs, in the mosaic of her-

baceous plant communities along the seashore and the

communi

White
ties.

Catabrosa aquatica: Found on the tilt(

Rock Islets.

Cinna latifolia: Uncommon in the creek bed communities.

Deschampsiaflexuosa: Uncommon in the american larch

scrub; uncommon to common in the mosaic of herbaceous

plant communities along the seashore and the inlets.

Elymus arenarius: Uncommon in the rocky cliff communi-

ties and in the dunes and sandy seashore communities.

Festuca rubra: Common in the mosaic of herbaceous plant

communities along the seashore and the inlets and in the

cleared areas; uncommon but locally abundant in the

rocky cliff communities; uncommon in the american

larch scrub, in the creek bed communities and in the

tidal flat communities.

Glyceria borealis: Found on a wet trail, at Cow head.

Glyceria canadensis : Uncommon in the creek bed commu-

nities.

Glyceria striata: Common in the creek bed communities;

uncommon in the black spruce scrub, in the white birch

scrub and in the sedge meadows.

Hordeum jubatum: Uncommon to rare in the tidal flat com-

munities.

Milium effusum: Rare in the creek bed

Muhlenbergia glomerata: Uncommon in

communities

scrub.

pratense: Uncommon in the mosaic

communities along- the seashore and

in the cleared areas.

Poa alpina : Rare. Fo comm
Western

eminens: Found on the tilted breccia, at St. Pauls.
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Poapahistris: Uncommon in the creek bed communities, in

the rocky cliff communities and in the mosaic of herba-

ceous plant communities along- the seashore and the in-

lets.

Poa pratensis : Common in the mosaic of herbaceous plant

communities along the seashore and the inlets and in the

cleared areas; uncommon in the rocky cliff communities
and in the tidal flat communities.

Puceinellia paupercula: Uncommon in the tidal flat com-
munities.

Spartina pectinata : Uncommon in the tidal flat communi-
ties.

um sulcatum: Uncommon to rare in the mosaic of

commu
inlets.

Sparganiaceae

Sparganium august ifolium: Uncommon in the aquatic com-
munities.

Sparganium eurycarpum: Found along a stream flowing

into Shallow Bay, at Lower Head.

Sparganium minimum: Uncommon in the aquatic commu-
nities.

Sparganium multipedunculatum : Found in a flashet within

a peatmoss and reindeer moss bog.

Typhaceae

Typha latifolla : Uncommon in the creek bed communities.
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ON THE GEOGRAPHICAL DISTRIBUTION,
ECOLOGY AND DISTINCTIVE FEATURES

OF LISTERA X VELTMANII CASE

Paul M. Catling

Veltman (Lister

a

X veltmanii from

ma

the type locality in Alger Co., Michigan {Case 1964a,

1964b) . Since both of its putative parents, L. convallari-

oides (Sw.) Nutt. and L. auricukita Wieg., grow in close

proximity in other parts of the northeast, it seemed likely

that the hybrid would occur elsewhere. This prediction was

realized on 20 July, 1975, when we discovered Listera X
veltmanii along the sandy banks of the Pancake River near

Dist., Ontario. A subse-

quent search of some major northeastern herbaria (ames,

can, dao, GH, lkhd, nebc, trt) revealed that the hybrid,

although rare, is widely distributed in northeastern North

America (fig. 1). Whenever collected it was confused with

either one or the other of its putative parents. Since the

ten new and widely separated stations now known, in addi-

tion to the type locality, represent the total known distribu-

tion of this hybrid, the specimen data are fully cited below.

CANADA: New Brunswick: KENT CO.: mountain back of Claire,

17 July 1904, A. A. Eaton (ames 2567). Newfoundland: grand falls

DIST.: low alluvial woods, north bank of river below the falls, Grand

Falls, valley of Exploits Eiver, 10 July 1911, M. L. Fernakl and

K. M. Wiegand 5242 (ames 84315). ST. george dist.: Harry's Brook,

Black Duck, 27 June 1930, Rachel B. Kennedy (ames 84265). bona-

VISTA south dist.: Terra Nova National Park, 14 July 1962, R. D.

Mv.br (dao). Quebec: gaspe west co. : alluvial wooded banks, Riviere

St. Anne des Monts, 3-17 August 1905, 16 July 1906, M. L. Fernald

and J. F. Collins (ames 84271, can 16751 & 16748). Charlevoix CO.:

Ste.-Anne-des-Lacs, Lac Barn, 11 July 1968, G. Lemieux 14256 (dao).

Ontario: algoma dist. : cedar swamp near Duck Harbour, vicinity

of Michipicoten Harbour, 29 July 1938, R. C. Hosie et al. (can

16732) ; cedar swamp at Rahal Lake, vicinity of Michipicoten

Harbour, 15 July 1938, R. C. Hosie et al. (trt 55174); in coarse

sandy soil along the spring-flooded banks of river under alders,

Pancake River near Lake Superior shore, 20 July 1975, P. M.

261
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Catling, K. L. Mcintosh, and S. M. McKay (trt 181960, 181961, dao,
can), thunder bay dist. : moist boggy soil under cedars, northwest
corner of Perry's Bay, Silver Islet, Sibley Penn., 22 July 1950, C. E.
Garton et al. (ames 84868, dao, lkhd 3660, TRT 78051) ; same as pre-
ceding, 6 August 1972, C. E. Garton 15163 (lkhd 30858). UNITED
STATES: Michigan: isle royale: mixed open woods, Grace Har-
bour, 7 July 1930, C. A. Brown 3220 (can 200860).

Although Case (pers. comm.) reports finding large
colonies of intermediate plants at Grand Marais, Michigan,
which were clearly not Fx hybrids, only two sheets were
found in the herbaria searched that may have represented
backcrosses (with Listera convallarioides) . On one of these
the apparent backcross plants were mounted with some
more typical hybrids from Duck Harbour, Ontario (cited

above). The other sheet represented a collection from
Summit Depot, New Brunswick (on calcareous peat under

tamarack by Loon Lake. Mad
a?n (dao)).

same
with typical specimens of one of the parents : the specimen
of Listera X veltmanii from Claire, New Brunswick, as

well as that from Rahal Lake, Ontario, were mounted on
the same sheet with L. convallarioides, and hybrids from
Harry's Brook, Newfoundland, were mixed with typical

L. auriculata. In almost all cases one or both putative par-
ents have been collected from the same location as the
hybrid. Case (he. cit.) has also reported finding the hybrid
in association with either one or the other parent.

At Pancake Bay an ecological separation between the
hybrids and the putative parents was apparent. Listera
auriculata was quite frequent (ca. 100 flowering plants in

14 mile) on the moist sandy banks of the Pancake River
under alders (Alnus rugosa (DuRoi) Spreng.) with the
primary associates being the mosses Atrichum oerstedi-

anum (C. Mull.) Mitt, and Hypnum lindbergii Mitt., and
the liverwort, Pellia epiphylla (L.) Corda. Other frequent
associates included Carex intumescens Rudge, Equisetum
sylvaticum L., Rubus pubescens Raf., Viola cf. nephrophijlla
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minor L., Scutellaria
*

'flora L., Aster laterifl

amplexifolius (L.) DC. var. denticulatus Fassett. This is

a characteristic habitat and association for L. auricuMa in

Ontario.
immediate

area of the seasonally flooded riverbanks, but about 20-40

metres up some of the intermittent streams in a forest of

White Birch (Betula papyrifera Marsh). Here it was

growing profusely (at least 200 flowering plants) among

the sedges in the black mucky soil of a streambed. The

sedge community was dominated by Carex scabrata

Schwein. Other associates included Carex stipata Muhl.,

Carex intumescens Rudge, Eupatorium maculatum L.,

Circaea alpina L., Viola cf. nephrophylki Greene, Aster

lateriflora (L.) Britt., Aster umbellatus Mill., Veronica

americana (Raf.) Schw., and several bryophytes (Mnium

spp., etc.).

About thirty flowering plants of Listera X veltmanii

were found along the sandy river banks near plants of

L. auriculata. At least twenty grew in an apparently

unstable habitat where much sand covered the ground

(fig. 2a), and only Atrichum oerstedianum, Equi

sylvaticum and Carex intumescens were frequent associ-

ates. These habitats sometimes occurred where streams

more

m

om Gen-

erally the hybrids were found in small, widely scattered

groups of one to five plants, and only in a few cases were

they in very close association (within a few metres) with

L. auriculata. To some extent a distinct and perhaps inter-

mediate type of habitat was characteristic of the hybrid,

and the hybrid habitat was certainly more disturbed. Case

(1964b, p. 71) similarly noted that L. X veltmanii grew in

a habitat "that was not exactly typical of that of either

parent", and he also noted "considerable evidence of physi-

cal disturbance."

At Pancake Bay all of the plants of Listera found could

easily be assigned to either L. X veltmanii, L. auriculata.
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J-. auxicuLata

.

E
E

o

Bancroft Algoma Thunder Boy Perry Boy Pancake Bay

X. Xviltmanll

Perry Bay Pancake Bay

X. conea LLUlioiuEi

Simcoe Bruce Bruce
<-

E
E

Pancake Boy

V

Fig. 3. Camera lucida drawings of the lips of Listera spp.

a-g, Listera auriculata. a, York R., near Bancroft, Hastings Co.,

45°04', 77?44' (trt 181742). b, Michipicoten Harbour, Algoma Dist.,

48°00', 85°00' (trt 55177). c, Jackfish Lake, 48°45', 87°15', Thunder
Bay Dist. (trt 49731). d, e, Perry Bay, Thunder Bay Dist., 48°20',

88°50' (trt 181952). f, g, Pancake Bay, Algoma Dist., 46°57', 84°41'

(trt 181957).

h-n, L. X veltmanii. h, Perry Bay, Sibley Peninsula, Thunder Bay
Dist (TRT 78051). i-n, Pancake Bay, Algoma Dist. (trt 181960,

181961).

o-v, L. convallarioides. o, Bass Lake, Simcoe Co., 44°35', 79°31 ;

(trt 148120). p, Lymburner Lake, Bruce Co., 45°11', 81°20' (trt

161002). q, Cape Croker, Bruce Co., 44°56', 81°01' (trt 38541). r-v,

Pancake Bay, Algoma Dist. (trt 181955).
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or L. convallarioides. The extremes in variation of lip

shape were collected, and are illustrated in figure 3. When
these were compared with lip outlines from other stations

it became clear that both putative parents and hybrids

were auriculata from

Pancake Bay, and from Perry Bay (where the hybrid

has also been found), was quite similar to L. auriculata

from locations where L. convallarioides and the hybrid are

unknown (fig. 3a-3c). Similarly L. convallarioides from

Pancake Bay was comparable with L. convallarioides

throughout its range including Bruce and Grey Counties,

Ontario, where L. auriculata and L. X veltmanii are not

known to occur (fig. 3o-3q). This would seem to further

establish the rarity of backcrossing.

The lip of Listera X veltmanii is quite distinctive in

having a relatively short claw and in being very slightly

auricled at the base (fig. 2b, 3h-3n). L. auriculata is

almost without a claw and has well developed auricles,

while L. convallarioides is long-clawed with basal p omi

nences ("teeth"). In addition the lips of L. X veltmanii

and L. convallarioides tend to be distally widened (cuneate)

whereas L. auriculata is often as wide basally as distally,

or slightly widened only in the distal third. In L. X velt-

manii the lip tends to have more convex lateral margins

while in L. convallarioides the lateral margins are concave

for at least the distal third of their length. Finally the

1/5 X
veltmanii and L. auriculata, but usually much less in L.

convallarioides. It is important to note that some variation

in lip shape, especially the apical dilation, is correlated

with position of the flower in the raceme. Flowers nearer

to the top of the raceme tend to have lips that are less

apically dilated than those below. Figures 3m and 3n

illustrate this from the same
raceme, fig. 3n representing the terminal (14th) flower

while fig. 3m represents the third flower from the base.

Other floral parts have not been quantitatively studied,

but intermediacy is apparent in some cases. For instance,
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the width of the lateral petals and length of the column of

Listera X veltmanii tend to be intermediate between the

putative parents. In length of the floral parts the hybrids

are generally closer to L. convallarioide

s

. At maturity the

ovaries of L. X veltmanii are similar to L. convallarioides

in being more ascending and less anteriorly gibbous than

L. auriculata.

As well as in these floral characters Listera X veltmanii

frequently differs from its putative parents in being much
larger (up to 2.5 dm.). Also, in L. X veltmanii the glandu-

lar pubescence of the flower pedicels is generally shorter

and more sparse than that of the main axis. In L. con-

vallarioides this glandular pubescence is just as thick and
long on the pedicels as on the main axis of the raceme, and
extends in a somewhat reduced form over the ribs of the

ovary. In L. auriculata the flower pedicels and ovary are

glabrous.

A final interesting distinction concerns flowering time.

When we visited the Pancake River on 20 July we found
several plants of Listera X veltmanii in full anthesis, and
many plants still had several upper flowers intact, but all

plants of L. auriculata and L. convallarioides were either

past anthesis with all of the flowers quite withered, or with
only a few of the uppermost flowers intact. Judging from
the dates accompanying some herbarium specimens, it

would seem that L. X veltmanii continues flowering some-
what later than its putative parents at other stations as
well.

The fact that Listera X veltmanii is presently known
only where the ranges of the putative parents overlap
further suggests that Case was correct in assuming the
plant to be a hybrid. Listera auriculata has a northeastern
distribution extending from the Lake Superior region north
to Hudson Bay and east to northern New England and the
Canadian Maritime Provinces. In the east L. convallari-
oides overlaps with L. auriculata, but extends further to
the south in New England and in the Great Lakes region.
Unlike L. auriculata it ranges west across southern Canada
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mountains. In

parts of the east where

south than L. auriculata, no L. X veltmanii has been

found more

of these areas. The absence of L. X veltmanii

sympatry of the putative parents therefore seems

real.

Although this interesting hybrid is rare, it has likely

areas. Its annarent restriction tosome
the sympatric distribution of the parents, its widespread

occurrence, and frequent association with the putative par-

ents, would seem to suggest spontaneous hybridization and

low hybrid fertility. The fact that Listera X veltmanii is

frequently quite distinct, and that the putative parents

nearby are also quite distinct, suggests that the hybrid is

often somehow effectively isolated from its parents.
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THE SARRACENIA RUBRA COMPLEX

Frederick W. Case and Roberta B. Case

INTRODUCTION AND HISTORY

In his "Flora Carolinia", 1788, Walter described Sarra-

cenia rubra. MacFarlane, in his monograph of the "Sar-

raceniaceae" (1908), treated S. rubra in a broad sense and
did not name any forms or varieties.

In 1929, E. T. Wherry described Sarracenia jonesii from
Flat Rock, North Carolina, as a separate species closely

related to S. rubra Walt. According to Wherry, the range
of S. jonesii extended from the mountains of Henderson
and Buncombe Counties, North Carolina, southwestward
through Alabama to the coast of western Florida and into

eastern Mississippi.

In 1949, C. R. Bell published his "A Cytotaxonomic
Study of the Sarraceniaceae of North America." In this

work, he reduced Sarracenia jonesii to the rank of forma
under S. rubra Walt., including in forma jonesii all her-

barium specimens from the known range of the entire S.

rubra complex that showed leaves with sharply expanded
upper pitcher tubes.

S. T. McDaniel, in his doctoral thesis (1966), further

reduced Sarracenia jonesii, considering that it had no tax-

onomic status.

From
acenia

con considering the validity of S. jonesii and the nature of

S. rubra. Almost every discussion appearing in print pre-

sents a different view. After much discussion by others,

Wherry, in 1972, reduced S. jonesii to the rank of sub-
species under S. rubra, and recognized that its range was
limited to the mountains of North and South Carolina.

Our interest in Sarracenia rubra began about 1953 when
our own field studies, experiences, and observations seemed
at odds with published information. Our observations and

270
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more
labam

com
taxa, all related, yet in some ways all subtly distinct.

Before we present our data, we believe it will be helpful

to consider the important taxonomic characters used by
some

ems involved.

SIGNIFICANT TAXONOMIC CHARACTERISTICS

The structural features most significant in distinguish-

ing species of Sarracenia include leaf shape and size, types

of leaves produced, size, shape, carriage and reflexion of

the pitcher hood, presence or absence on the leaf of win-

dow-like areoles, details of leaf coloration, pubescence and

substance.
.,

Wherry apparently considered leaf size of prime im-

portance in his early study of Sarracenia jonesii, but Bell

(1949), commented as follows:
.

"Size is of no value per se in species delimitation
'*

1
1< in this genus. Various ecological factors result in
r -

M
*

- «

'

mature plants of many sizes within a given spe-

cies. The extreme cases of this are shown in S.

minor and S. flava, but less striking differences

in size appear in all other species bf Sarracenia.

Size, therefore, is not a constant, and cannot be

used as a basis for taxonomic differentiation."

We agree with Bell that ecological factors can produce

great size variation among wild individuals of any species
—

grown under diverse conditions; indeed, we feel that this

ecologically induced variation is responsible for much of

the past confusion in the S. rubra complex. We further

agree that an occasional aberrant variant can occur within
*

any given species, but we cannot agree that size in general

terms is not constant; rather all of our studies indicate

that there are definite, genetically controlled size trends

for leaves and leaf parts in all species of Sarracenia. It is
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not that size is of no value, but that ecological factors,

acting upon developing leaves, affect the expression of leaf

size and shape.

Within the parameters we have discussed in this paper,

we agree completely with Bell (1949) when he says; "The
m

m
most useful single feature used by taxonomists in species

delimitation within the genus Sarracenia."

While flower structure is most distinctive at the genus
level, only petal color, petal shape, and to a lesser degree,

flower size and scent have been used in species demarca-
tion. Flower size is related not only to the species involved,

but is also affected by the ecological situation, age, and
vigor of the plant. The later flowers on a given plant tend
to be reduced in size, sometimes significantly so over the
earlier ones. There is enough overlap of size, petal shape,
and scent between various species to render flowers of

limited value for taxonomic differentiation.

The taxonomic usefulness of the leaf over the blossom in

Sarracenia must be considered in light of the specialized

function of the leaf. The hollow, tubular leaf is a pitfall,

passive trap, complete with baiting fluids which paralyze
or poison insects, as shown by recent studies (Sci. News
106:286. Nov. 2, 1974).

Plummer, et al. (1964) found that nutrition through
insect trapping affects pitcher plant growth rates far more
than had previously been appreciated. We found that we
could bring two-inch plantlets of Sarracenia flava, S.

jonesii, S. alabamensis subsp. wherryi X S. minor, and
others to near flowering size in as few as 9 or 10 artificial

control seedlings scarcely grew at all.

month apart

related

1974-1975)

Thomas Gibson (personal communications
clearly established that when several sne

sympatric sarracenias grow in the same
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trap different species of native insects with little overlap

between species.

It seems to us that there is sound evidence in Sarracenia

of growth, competition, and survival factors which involve

the trap-leaves. It is not surprising, then, that it is the

leaves which have undergone the striking evolutionary

changes and that floral structures have evolved less and

are of less value in taxonomic studies. The principal works

of the past, e.g., MacFarlane (1908), Harper (1918),

Wherry (1929, 1935), Bell (1949), and McDaniel (1966,

1971), have made use of this leaf diversity; their works

and identification keys make use of leaf structures coupled

with petal color almost exclusively.

We have concluded that pitcher size of the largest leaves

of the growing season, orifice width, hood length and
width, scape height, and an index derived by dividing hood

length by width yield the most reliable measurable data

for pitcher comparison. When these data are related to

color of mature, hardened leaves, venation patterns, hood

carriage and reflexion, ratio between scape and leaf height,

leaf substance and pubescence, overall flower size, petal

shape, size and color, and geographic distribution, definite

patterns emerge.

ECOLOGICAL RESPONSES DURING LEAF DEVELOPMENT

In a genus in which leaf characteristics assume great

importance, it is essential to realize how ecological condi-

tions affect leaf development. This is particularly so in

Sarracenia where the unique, hollow pitcher complicates

ecological response. Many factors directly affect leaf de-

velopment; our observations and the meager published

observations indicate that the response of leaves is essen-

tially the same in all species.

MacFarlane (1908) comments that coolness, shade, and
moisture all cooperate to affect reduced pitcher cavity,

color intensity, and conformation of the laminar wing in

all species, but he cites no definite experimentation. Bell



274 Rhodora [Vol. 78

(1949), in considering Sarracenia psittacina discusses the

influence of light upon its leaves:

The leaves however, do show the effect of strong

sunlight. Leaves of plants growing in shaded

locations tend to be longer, greener, and have

smaller hoods than those grown in the sun, which

are often found with large hoods and almost solid

red leaves.

Bell (1949, pp. 157, 158) also discusses the fact that red

color of both leaf and flower in Sarracenia purpurea is

influenced by intensity of sunlight. Wherry (1933), in

discussing S. purpurea var. heterophylla, discusses the

nature of the type specimen of heterophylla, and ascribes

its elongated leaves to shading. Mandossian (1966) reports

a laboratory experiment designed to test the effect of light

intensity upon production of pitcher volume and laminar

development in Michigan S. purpurea. She concluded that

low light levels result in large, highly developed pitcher

lamina and in "absorption" (reduction) of the pitcher.

That this is true under both laboratory and field conditions,

we can verify.

Unfortunately we have seen no thorough discussions of

changes in leaf shape correlated with light intensity in the

trumpet-leaved pitcher plants. But we have grown all

species for over 20 years in our comparative cultures and

out of doors, and have observed them in the field. All of

the trumpet-leaved species respond in a similar manner.
Given other requirements, growth is most vigorous and
coloration most intensely developed in full sunlight. The
pitchers, with relatively short, strong petioles, stand prop-

erly erect, with fully expanded pitcher and hood.

If light decreases from that of full sunlight intensity,

changes occur in developing leaves. New leaves elongate

significantly over previously formed leaves; petioles be-

come weak; pitcher volume may at first increase slightly,

but if shading persists, subsequent leaves become reduced

in size and pitcher volume. The wing or lamina of the

pitcher enlarges, especially in the mid-region of the pitcher.
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The increased laminar wing warps the pitchered section

into abnormal positions. In most species, the pitcher hood

at first enlarges, but is ultimately sharply reduced. In

heavily shaded specimens developing hoods may have diffi-

culty in assuming a normal carriage.

In most species flowering is heaviest in fully sunlit

plants. As light is reduced, flowering decreases. Heavily

shaded plants seldom bloom at all, although members of

the Sarracenia rubra complex, somewhat better adapted to

brushy, shaded habitats than most species, retain the abil-

ity to flower sparingly even when shade-induced leaf de-

formation is considerable.

All sarracenias are hydrophytes. Other conditions being

equal, the maximum growth potential of leaves is reached

in the presence of an abundant water supply. If the water
supply is reduced to a minimum that will maintain life for

the pitcher plant at a time when it produces new leaves,

changes in leaf form result, which are similar in all spe-

cies. Pitcher volume becomes reduced, and the laminar

wing increases markedly in proportion. In trumpet-leaf

types such as Sarracenia rubra, new leaves become shorter,

less inflated, often with hoods that barely open. Less

anthocyanin pigment develops. In taxa which normally

produce more than one set of pitchered leaves in one sea-

son, excessive dryness may result in failure to produce late

season pitchers, or in the production of stunted ones.

The amount of peaty, organic material in the soil in-

fluences pitcher size in all Sarracenia, provided other re-

quirements are met. Harper (1918) and Bell (1949)
report unusually large leaves on S. minor growing on
floating islands of rotting vegetation in Okefenokee Swamp,
Georgia. Bell reports that leaves of these large forms
reverted to a smaller, more typical form under his green-

house conditions. Presumably the highly organic substrate

plus abundant water influenced leaf size in the wild plants.

On the inner Coastal Plain near Lucknow, South Caro-

lina, and in the Fall Line Sand Hills of Taylor County,

Georgia, we collected large-leaved plants of Sarracenia
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rubra. Shaded specimens, especially from the Georgia

station, were very tall, reminiscent of S. jonesii Wherry.

When removed to our greenhouses and grown in our pre-

pared, uniform soil mix, all plants from these areas gradu-

ally reverted to a size typical of S. rubra from the more

sandy, outer Coastal Plain soils.

Mandossi with

in Michigan, found that pitcher plants growing in a marly,

mineral-type soil formed many crowns and numerous small

pitchers; those in highly organic sphagnum bogs made

panded.

leaves, but were larger, more fully i

tl transplants readjusted morphologica

manner : she found that plants needed

least two growing seasons to adjust leaf size and form

from
cites

adjustment

many other

Ecological factors appear to influence pitcher plant leaf

development strongly. One must
comparing similar leaved taxa u

time

SCOPE OF THE PRESENT STUDY

Our study of the Sarracenia rubra complex has been

four-fold: 1) extensive field observations, 2) nearly 20

years of comparison of live material from all known "S.

rubra9
' populations grown under standardized conditions

in our greenhouses, 3) comparison since 1970 of plants of

all populations grown out of doors in an artificially created

wet sand bog, and 4) extensive leaf analysis utilizing not

only material from our culture experiments, but also of

specimens deposited in the herbarium collections histori-

cally important to this problem.

We performed minimal chromosomal studies, as the work
of Bell (1949) and Hecht (1949) indicates that n = 13,

2n = 26 in all species. The small size and size range of
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the chromosomes in the entire genus (Bell, 1949) and in

the "S. rubra" taxa in particular, and the difficulty of ob-

taining really good root tip observations in this genus, make

karyological studies difficult. There is need for additional

work. For chromatographic examination of the complex,

we
will be seoaratelv oublished by them

FIELD POPULATION EXAMINED

We examined the major population centers of all species

of Sarracenia so that we might understand the influence of

hybridization and introgression upon the group. For all

species which enjoy an extensive range, we visited a num-

ber of stations at various distant points within that range

so as to obtain a broad sampling of study material. We
have observed them at all seasons, winter, flowering, young

leaf development, mature leaf, fruiting; in all we have

examined thousands of living plants in the wild.

If one consults the distribution maps for Sarracenia

rubra (sensu Bell, 1949, plate 12) or as treated by Mc-

Daniel (1966), one obtains the impression that "S. rubra"

grows in suitable habitats more or less uniformly across

the area of its range as shown on the maps. Our field

studies do not confirm this. We found that there appeared

to be five disjunct populations; four of these showed what
we consider to be distinctive structural and behavioral

differences.

If one plots the localities for existing herbarium speci-

mens on a map, the distributions also fall into five disjunct

groups which approximate the ranges of the populations as

we determined them from our field studies of the past 20

years (see Fig. 1).

For our field observations and our comparative culture

studies of the Sarracenia rubra complex we observed popu-

lations and obtained cultures from the following states and
counties: Alabama: Autauga, Baldwin, Chilton, Elmore,

Escambia, Mobile, Washington. Florida: Okaloosa, Santa
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Rosa. Georgia: Taylor. North Carolina: Bladen, Bruns-
wick, Columbus, Henderson, Transylvania, Buncombe.
South Carolina: Georgetown, Horry, Kershaw, Lee, Pick-

ens. Mississippi: Wayne.
Most of our observations on the various populations,

based upon both field work and comparative culture, are
summarized in Table 2, or in the taxonomic treatments in

this paper.

MEASUREMENT PROBLEMS

In 1956, and again in 1972-75, we examined all the speci-

mens of the Sarracenia rubra complex from the following
herbaria: us, PH, penn, ncu, NY, fsu, (1972-75 only) and
Duke (1956 only). 1

Many herbarium specimens are very difficult to compare
with others. They are collected at nearly all seasons of the
year; many are taken in flower and either lack leaves of
the current season, or are taken with leaves not yet fully

expanded. Pressing of the tubular leaf distorts the carriage
and reflexion of the pitcher hood. Drying often destroys
external pubescence, distorts substance, and destroys the
subtleties of leaf color.

In addition, there was often the haunting suspicion that
with the larger-leaved taxa, many herbarium specimens

herbarium
represent the typical plant.

remarks
and the diversity of the herbarium specimens made us
question whether the herbarium comparisons would be re-
liable. This concern proved to be unfounded (see fig. 2).
Another problem arose at this time. Past authors gave
measurements Since

members of the Sarracenia rubra complex can produce

We
we have studied. We are grateful to Dr. W. H. Wagn

Wells
Science, for their valuable counsel and for securing the specimen
loans for us at various times in this study.



280 Rhodora [Vol. 78

many
ize comparisons and measurements seemed to us essential.

We determined, therefore, to define our own leaf and hood

measurements, thus hoping to eliminate the changes in

hood carriage (and hence height) caused by pressing of

specimens. We also determined to devise a standardized

method of comparative culture which would eliminate as

many

MEASUREMENTS

MacFarlane (1908) pointed out that seedling leaves in

all species of Sarracenia tend to resemble closely those of

S. minor Walt., and do not show well the specific differ-

ences. We might not agree that all seedling or juvenile

pitcher-leaves resemble S. minor, but our observations do

show that specific differences show most clearly in the

largest leaves of a growing season of vigorous flowering-

size plants growing in full light. In order to standardize

comparison of the taxa in our comparative cultures, we
measured only the two largest leaves produced by a flower-

ing rhizome terminus of a given clone that season,

barium material, the only standardization possibl

measure the one or two (if present) largest comph

on the specimen.

For her-

MEASUREMENT TECHNIQUE

We measured pitcher leaf length from the point of at-

tachment of the amplexicaul base to the rim of the pitcher

orifice. Such leaf measurements do not include the hood.

Hood length refers here to the distance from the narrowest

part of the hood constriction (or neck) to the tip of the

hood, while hood width refers to the distance across it at

its widest point.

To facilitate measurement comparisons of the tubular

pitcher between fresh and herbarium materials, we give

width figures for flattened pitchers rather than diameters

for expanded ones.
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Scape height measurements run from point of basal at-

tachment to the attachment of the sepals. Petal length and

width represent the structure's greatest dimensions.

There are distinctive differences in pitcher taper and

expansion in the Sarracenia rubra complex. These are

subtle, and can be affected by ecological factors present as

the leaf develops. The same is true for the carriage of the

manner

Color patterns vary not only among the populations, but

in the same taxon or clone in relation to leaf age, health,

and the amount of sunlight the leaf received. We found no

truly satisfactory method to measure these characteristics

statistically. Yet there are characteristics distinctive to

each population. These are best described or illustrated in

the appropriate sections of this paper.

COMPARATIVE CULTURE METHODS

We brought together, in our greenhouses at Saginaw,

Michigan, plants of each of the taxa collected by us from

the wild. We chose plants at random, where possible, but

we did make an effort not to select plants of obviously

hybrid origin. We grew our plants in an east-west oriented

Everlite greenhouse. We placed the plants to be compared

on the benches in north-south rows so that all plants would

receive approximately equal lighting during the day and

none would seriously shade the others. Tops of the plastic

flowerpots stood above the base of the greenhouse glass;

thus the plants received maximum available light. No
shading was used on the glass of the greenhouse, and

plants received full sunlight throughout the day, excepting

when the plants were shaded from

direct sun's rays after 3 :00 P.M. by a nearby building, but

there was always open sky directly overhead. Light was
uniform and strong; during July and August, 1974, we
checked the intensity of the light daily between 11 :00 a.m.

and 2:00 p.m. with a Gossen, Luna-Pro incident light

summer
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meter. We found the plants received 4,000 to 8,000 foot-

candles of light, depending upon the degree of cloudiness.

Plants received the normal photoperiod for this latitude.

In winter, we gave them a dormant period at ± 0°C for
two months. Growth commenced in late February, and the
plants in the greenhouse here bloomed at the same time as
that usual for wild plants in the Gulf Coastal states, i.e.,

early April.

During the summer months, open windows and doors
admitted many insects which the pitcl

numbers
er plants captured in

uniform growing medium
compounded soil using six parts washed silica sand (ob-
tainable at builder's supply stores) with four parts com-
mercially packaged Canadian (sphagnum) peat, thoroughly
mixed together. Rhizomes were nlanted at the surfa** of

mix

uniform moisture to all plants, we made
approximately two inches deep and lined these with 10 mil
polyethylene sheeting to make a shallow tank. Pots stood
in this tank with the soil surface approximately 5 inches
above the water level; all pots received the same water
supply. The water used came from a surface well which
drained from acid sands; its pH averages 6-6.5, and the
native vegetation in the damp places near the water source
included such acid-soil and bog plants as Vaccinium sp.,

Sphagnum sp., Osmunda regalis, Liparis sp., and Spi-
ranthes sp.

cimens used in our comparative

most of them
more

In all cases, their growth was in every way typical for all
known species of Sarracenia, and our plants produced
vegetative parts which were within the size ranges of the
existing herbarium material from the same areas as our
study plants and within the size ranges of plants we have
observed in the field.
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FINDINGS

Figure 2 shows leaf size ranges from 6 distinct popula-

tion areas representing 4 taxa. Figures 3 and 4 present

data on pitcher size vs. hood length/width ratios for the

6 populations. Analysis of measurable data for several

useful taxonomic characters is compiled in Table 1.

To determine if the population differences represented

chance variation or whether the variation was significant,

we performed an analysis of variance on the five leaf and
scape measurements (see Table 1), and found in each case

that the degree of significance was well above the 0.5%
level, indicating that the chance that these specimens be-

longed to a single population was extremely small. The
specimens of the Taylor Co., Georgia, area and those of the

disjunct western Florida area, while differing from the

plants of the Carolina-Georgia Coastal Plain area in leaf

size and shape, differed from them to a much lesser degree

than those plants differed from other populations. When
this information is coupled with other structural similari-

ties shared by these populations and not found in the

others, and with what we believe has been the geological

history of the group, we considered that these particular

populations, even though disjunct, represent one specific

entity.

In all measurements, our data on the 6 populations show
significant grouping into 4 structurally distinct taxa, both
for comparative culture and for wild specimens. We had
not expected that the wild specimens would show the

natural groupings so clearly, in view of the great influence

ecological conditions exert over pitcher size and conforma-
tion in Sarracenia. The smaller sizes of the comparative
culture material over wild (fig. 2) reflect the response of

the material to uniform conditions in which shade effects

(etiolation), moisture, and soil differences were eliminated.

Our comparative culture material we consider to represent

healthy, normal plants; many of our study clones have
thrived in our culture for 10-20 years, all bloom profusely,
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and the size ranges of our specimens are within the size

ranges of wild specimens from the same localities. Our

largest leaves of S. alabamensis subsp. alabamensis for

1974 matched in size, color and conformation the largest

leaves of wild plants from Chilton Co., Alabama, collected

by Thomas Gibson and brought to Saginaw, Mi., for com-

parison.

Besides the size differences, each population differs in

structural features which are not susceptible to precise

measurement but which are nevertheless distinctive. Table

2 presents a comparison between the taxa for some of these

and other features as do figures 5 and 6.

v ? l' : < -
r *

r J*

Fig. 5. A, Sarracenia jonesii, Transylvania Co., N. C. B, S.

rubra, inner Coastal Plain plant from Lucknow, S. C, and C, S.

rubra, from outer Coastal Plain near Georgetown, S. C. These 3

clones were grown 6 inches apart in an artificial bog- garden out-

doors at Saginaw, Michigan for 3 growing seasons. Plant B, when

collected, had pitchers nearly as tall as those of S. jonesii and would

have been considered an "intergrade" by some authors.
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Fig. 6. Leaves of the 4 taxa comprising the Sarracenia rubra
complex, selected because they approximate in size the mean for

material grown under our comparative culture method. In pairs,

left to right, S. jonesii, S. rubra, S. alabamensis subsp. alabamensis,

and S. alabamensis subsp. wherryL

It is particularly important to realize that the significant

population groupings based on structural differences also

represent populations geographically segregated from each

other.

CHEMICAL INVESTIGATIONS

To see if comparative phytochemistry might show some
significant trends within the Sarracenia rubra complex, we
asked Dr. John Romeo, Chemical Plant Taxonomist, Oak-
land University, Rochester, Michigan, to examine our com-
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parative culture plants. The work was carried out on all

species of Sarracenia from our comparative cultures dur-

ing June and July, 1975, at Oakland University, and at the

University of Texas, Austin, Texas. Chemical analysis for

amino acids and alkaloids, using chromatography and

electrophoresis techniques, indicates only common protein

amino acids present, with no significant differences between

species. No alkaloids were detected by Romeo (personal

communication, 1975).

Professors Romeo and Mabry also examined flavonoid

compounds of all species of Sarracenia by paper chroma-

tography. Study on these compounds is be

Romeo, Mabry
allow no sweei

chromatography

number
f comDc

taxa too great to be of conclusive value in determination of

speciation in the S. rubra complex. However, a pattern did

emerge which we feel supports our conclusions drawn from
structural and geographic data.

Plants of Sarracenia rubra from the inner Coastal Plain

near Lucknow, South Carolina, and the outer Coastal Plain

near Supply and Shallotte, North Carolina, and George-

town, South Carolina, showed significant chemical differ-

ences from others of the complex in having two compounds
present in large amounts which were not present in others

of the complex, excepting in specimens of S. jonesii from

Pickens Co., South Carolina, and Buncombe Co., North

Carolina (but not all £. jonesii tested).

Four of five samples from Florida share a compound
with three of four Sarracenia jonesii and one of the Caro-

lina-Georgia Coastal Plain population. None of the other

members of the S. rubra complex contains this compound,

but it also occurs in S. minor and in two populations of

S. purpurea tested.

Plants of the Flint River drainage in Taylor Co., Georgia,

shared weak amounts of a compound in common with

plants from Florida but differed from the Carolina Coastal

Plain Sarracenia rubra in some compounds.
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A compound present in most clones of Sarracenia ala-
bamensis subsp. alabamensis occurs also in plants from

do, Alabama, but not elsewhere in the S. rubra com-
plex. same

from Perdido, from
and Citronelle, Alabama, lack this compound. However,
the Fruitdale-Citronelle area is one of particularly high
incidence of hybridization among- several pitcher plant spe-
cies. McDaniel (1966) states "chemical introgression may
occur in populations where extensive hybridization occurs."
considerable variation in trace amounts of four compounds
in our material from this region suggests such introgres-
sion has indeed occurred.

The several pairs of populations which share flavonoid
compounds between them which are not found elsewhere
in the Sarracenia rubra complex suggest to us a relation-
ship between them which agrees strongly with our geo-
logic-geographic conclusions, and we will discuss it in that
section of this paper.

TAXONOMIC TREATMENT

Field observation, structural differences, size differences,
lmoronism

clusters of subtle but distinctive traits in disjunct popula-
tions, clearly indicate that what has been called Sarracenia
rubra consists of four or fivp rK«r>vof<i tava ^ana^A;^^ „~«„

limits

All of the populations appear superficially similar. It

them
the individual populations as subspecies, but we do not feel
that such a treatment would reflect a true evolutionary
picture. There are other considerations. No two taxa are
known to be truly sympatric and good evidence of intergra-
dation between members of the different taxa does not
exist. Plants such as those cited by Bell (1949) or Mc-
Daniel (1966) as intermediates between Sarracenia rubra
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S. jonesii can be shown to be ecological forms

plained as complex hybrids (see discussion of S. rubra).

comparat
time

a given locality ; therefore, if they did grow together, inter-

breeding would not normally occur. Each population differs

from the others in leaf size, color, texture, shape, hood

size and shape, and in flower size and petal shape. One

population differs substantially in producing dimorphic

pitchers.

Hybrids formed between members of one population of

the complex and a common other parent {Sarracenia pur-

purea subsp. venosa) differ in leaf size, proportion and

texture from hybrids between members of other popula-

tions of the complex and the same common parent (fig. 7).

After careful consideration of our statistical data (Table

1) and of our field observations, and especially after our

more than 20 years of observation of these plants growing

under standardized conditions, we believe that the follow-

ing taxonomic treatment best reflects the situation found

in nature.

The following key relies primarily upon the types of

leaves produced, and the characteristics of the fully ma-

tured, largest leaves of the growing season which have

developed in bright sunlight. Because of the effects of

ecological conditions pointed out in this paper, several

specimens from a population will usually key better than

a single specimen. Unless an herbarium specimen has been

specially prepared and dried rapidly under heat, details of

color, texture, and pubescence become obscured, rendering

the specimen very difficult to use. We recommend, where

possible, use of fresh leaves.

While we do not consider geographic location an ideal

key character, the members of the Sarracenia rubra com-

plex may be "keyed out" geographically, as each of the

taxa is disjunct from the others of the complex. We have,

therefore, included this information in the key.



1976] Sarracenia Case & Case 297

- . . - + - .
.

I
- <* - >**

"J

'

^

flCv

A

V :
*'

-

•

J

^

V

{*>

-*-W

- «

F

H

4*v
& *«"

MA

*
^
.*'*» V

•w

!

Fig. 7. Leaf samples of hybrids between purpurea
subsp. venosa and 3 members of the S. rubra complex: left to right,

purpurea
two clones, S. ru S. purpurea, Brunswick Co., N. C; and
S. alabamensis subsp. wherryi X S. purpurea, hand pollinated hybrid
produced by us, both parents from Washington Co., Alabama. All

leaves from flowering-sized plants in comparative culture, although

we have seen and had leaves on the £. jonesii hybrid up to 3 times

larger than the specimen pictured.



J

298 Rhodora -
'

'

[Vol. 78

A KEY TO THE RED-FLOWERED; TRUMPET-LEAVED
SPECIES OF SARRACENIA

A, Upper portion of pitcher-tube and hood strongly

white-areolate, the areoles greatly exceeding in area

the thicker, photosynthetic tissue between. Hood mar-

gins strongly undulate. Erect, gladiate laminar phyl-

lodia usually present 5. leucophylla.

AA. Upper portion of pitcher-tube and hood without are-

oles, or if areolate, obscurely and irregularly so, with

pale yellowish-green or whitish-green areoles. Hood
margins without undulation, or with a few irregular,

broad undulations. Phyllodia, if present, few, ob-

scure, recurved-decumbent B.

B. Pitcher tissue below orifice thick, almost waxy, the

outer surface glabrous to puberulent (under mag-
nification). Orifice rim tightly rolled, its juncture

with the pitcher wing usually not indented, if in-

dented, neither strongly so nor does indentation

form a conspicuous, somewhat everted spout

which extends forward over the pitcher wing.

Orifice rim, major veins of both inner and outer

pitcher tube, main and branch-veins of inner neck

of hood strongly colored red-purple, the coloring

of the hood veins extending to hood margins on

both surfaces. Hood not reflexed or only slightly

reflexed above neck C.

C. Pitchers 21-73 cm tall (average 45 cm), long

petiolate, the solid petiolar portion up to 1/3

the length of the leaf; abaxial portion of the

petiole flattened in cross section, resembling

an inverted T. Pitcher chamber diameter nar-

row, expanding sharply in upper 14 of tube.

Orifice diameter 1-4 cm wide. Neck of hood

long, hood ascending, held high over the ori-

fice, cordate, its margins weakly to moder-
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ately reflexed, 2.4-6.5 cm long, 2.4-5.4 cm

wide. Flower scapes about equalling pitcher

height. Mountains

western Carolinas S. jonesii.

CC. Pitchers 5.7-57 cm tall (average 21 cm) ,
short

petiolate, the solid petiolar portion less than

14 the length of the pitcher; abaxial portion

of the petiole rounded in cross section. Pitcher

chamber diameter relatively narrow through-

out, evenly and gradually tapered upwards,

orifice 0.5-2.8 cm wide. Neck of hood short,

hood usually carried close over orifice in a

plane at nearly right angles to the long axis

of the pitcher (less so in Florida population),

its margins scarcely or not at all reflexed, 0.7-

4.5 cm long, 0.7-3.9 cm wide, ovate. Flower

scapes 1.5-2 times height of leaves. Plant of

the Carolina-Georgia Coastal Plain and Fall

Line Hills, with a disjunct area in western

Florida S. rubra.

BB. Pitcher tissue below orifice thin, densely fine-

pubescent. Orifice rim loosely rolled, orifice at rim

often slightly flared-everted, its juncture with the

pitcher wing strongly indented and everted, form-

ing a spout which extends slightly forward over

the wing. Orifice conspicuously yellow-green.

Upper pitcher green to golden-green, occasionally

copper-red flushed. Major veins of upper pitcher-

tube red-purple on inside of the tube only (al-

though color may show through leaf tissue,

especially in dried material). Veins of outside

of hood of the same color as the tissue between

veins. Veins of inner neck and hood, if colored,

colored on main veins only, the colored portion

not extending into puberulent distal portion of

hood. D.
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D. bpring and late summer pitchers unlike in size,

volume, and often shape; the spring- leaves

shorter, narrower, usually sigmoidly curved;

flushed red-bronze when young. Summer pitchers

not decidedly recurved, much exceeding spring

leaves in height and volume, light clear green to

golden-green, 18-71 cm tall (average 40 cm) ;

orifice 1.7-6.7 cm in diameter. Area below
pitcher rim with a few to many scattered ob-

scure, light greenish-yellow to whitish areole-like

mottlings on outer surface. Hoods very large,

neck broad, hood 2.5-9 cm long, 2.2-8.8 cm wide,
moderately to strongly reflexed, its margins with
a few broad, irregular undulations. Mature hood
tissue between veins conspicuously convex-puck-
ered, yellow-green on outer surface. Veins of the
hood uncolored above and in distal half below.
Flower scapes 27-57 cm tall, exceeding the spring
leaves and about equalling the summer ones.

Plant of the Fall Line Hills of central Alabama
north of the Black Belt soils

S. alabamensis subsp. alabamensis.

DD. Spring and late summer pitchers essentially alike

in size, volume and shape, dull green, flushed

strawberry-bronze upwards, without areoles, 8-

cm45 cm tall (average 18 cm
wide, tube often wider below orifice. Hood 0.8-

4.5 cm long, 0.8-4 cm wide, overarching orifice

to suberect, as wide or wider than long, veins of

from
maj

to distal portion of hood only in some clones.

Flower scapes 14-38.5 cm tall, equalling or
slightly exceeding tallest leaves. Plant of south-
western Alabama and eastern Mississippi on
both sides of the area of the confluence of the
Tombigbee and Alabama Rivers

S. alabamensis subsp. wherryi.
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1. Sarracenia rubra Walter, Fl. Carol. 152. 1788. 2

Leaves semi-evergreen, dying back 1/3-2/3 only if severely

frosted. Largest seasonal leaves of flowering plants rela-

tively narrow throughout, gradually tapered from base to

orifice, 5.7-57 cm tall, 0.5 to 2,8 cm wide; lateral wing

relatively wide and prominent, often widest at or slightly

below the middle, green becoming suffused with maroon

tones in older, fully sunlit leaves, Florida forms often

maturing to dark solid maroon colors. Leaf texture waxy,

firm, rim of mature pitcher essentially horizontal (i.e. at

right angles to main axis of pitcher) ; rolled rim not espe-

cially prominent, becoming dark maroon or dull green, the

point of juncture of rim with lateral wing raised slightly

or on the same level as the rest of the pitcher rim, or barely

indented. Hoods as measured by us longer than broad, 0.7

to 4.5 cm long, 0.7 to 3.9 cm wide; ratio of length/width

.98 to 4.3 in East Coast population, 0.8 to 1.5 in Florida

population; hood suberect, carried close over the orifice;

neck of hood not particularly contracted at base, the major

veins and cross-veins of both outer and inner pitcher and

hood surfaces becoming dark maroon-red with color spread-

ing in Florida and west Georgia forms to mesophyll be-

tween vein reticulations, usually remaining green except

on veins in Carolina material; veins of inside of hood col-

ored maroon throughout entire distal, hirtellous portion

(see fig. 6). Flower scapes erect, usually 2-3 times taller

than tallest leaves, 17.0 to 66 cm tall in Atlantic coastal

material, 26.5 to 48 cm tall in Florida population. Sepals

1.5 to 2.7 cm long, 2.0 to 2.6 cm wide, slightly narrowed or

contracted beyond the middle in many individuals, maroon
or greenish-maroon mottled on outer surface, the inner

surface mostly green; lateral margins becoming strongly

replicate over mid-line until they touch; calyx also re-

curving strongly away from the ovary after anthesis.

Petals maroon, often on both surfaces, or with greenish

suffusion on inner surface, panduriform, the basal cuneate

2For synonomy of S. rubra see Bell (1949).
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small

be very strongly so
;
petals 2.5 to 4 cm long, the distal lobes

1.3-2.5 cm wide. Style disk 2 to 3.5 cm in diameter, 2-cleft,

m Matu
cm in diameter, densely tuberculate

Type locality: South Carolina, presumably on the Santee

River.

Distribution: Very local, rapidly becoming rare in some
districts, in bogs, swamps, and the Coastal Plain savan-

nahs, or on springy hillsides near the Fall Line of Georgia,

ranging from the Cape Fear River system in North Caro-

lina locally southward to the Altamaha River system of the

Atlantic Coastal Plain, southward ranging farther inland

toward the inner Coastal Plain and Fall Line Sand Hills.

Very local on the Flint River watershed system in western

Georgia. A disjunct population more variable in leaf size

and shape occurs in Walton, Santa Rosa and Okaloosa

Counties in western Florida.

Representative Specimens: Florida: okaloosa co., 3 mi W of

Crestview, E. T. Wherry (penn); Milligan, J. M. MacFarlane
(penn); 4 mi E of Crestview, A. N. Leeds (ph); swamp, Shoal

River, H. H. Hume (duke) ; Adams Church near Crestview, S. T.

McDaniel (fsu) ; margin of pond 1 mi E of Crestview, R. K. God-

frey (PSU) ; santa rosa CO., 5.2 mi SE of Fla 87, vicinity of Yellow

River N of Holley, H. E. Ahles (ncu) ; wAlton CO., ca 16 mi NE
of Niceville, /. Bcckner, C. Chapman & R. R. Smith (ncu) ; DeFuniak
Springs, A. H. Curtis (us); margin of swamp, A. H. Curtis (ny).

Georgia; bibb CO., near Lakeside, T. Darling, Jr. (penn); bullock
CO., Statesboro, H. W. Trudell (ph) ; Columbia CO., 12 mi N of Au-
gusta, J. M. MacFarlane & W. Davis (penn); EMANUEL CO., bog in

pine barrens near Graymont, R. M. Harper (ny); macon CO., Toad-
over Creek, 8 mi SE of Reynolds, J. H. Pyron & R. McVaugh (ph);
Montgomery CO., swamp in sand hills west of Erick, R M. Harper
(us) ; sumter CO., sandy bog SE of Americus, R. M. Harper (us)

;

sandy bogs, R. M. Harper (ny); tattnall CO., 1 mi S of Ohoopee,
R. M. Harper (us). North Carolina: Brunswick co., Wilmington,
E. T. Wherry (us) ; Columbus co., 4 mi S of Cerro Goi-do, C. R. Bell

(NCU); savannah near Brunswick, A. E. Radford (ncu) ; CUMBER-
land CO., vicinity of Fayetteville, R. A. Clark (duke) ; harnett co.,

open bog, Overhills, H. Laivg (NCU) ; HOKE CO., 4 mi SW of Mont-
rose on Mountain Creek, H. E. Ahles (ncu) ; Montgomery CO., 5%
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mi SE of Candor, A. E. Radford (ncu) ;
onslow CO., Jacksonville,

H. J. Oosting (duke) ; 2V2 mi E of Onslow-Pender Co. line on NC 35,

H. E. A hies W. W. Ashe (NCU) ;

Scotland CO., 2.9 mi N of Silver Hill, H. E. Aides & R. S. Leaner

(NCU) ; 10 mi N of Laurinburg on Rt. 70, C. R. Bell (NCU) ;
WAYNE

CO., 5.8 mi E of Mt. Olive, C. J. Burk (NCU). South Carolina:

chesterfield CO., between Cheraw and Su^ar Loaf Mountain, L. F.

Ward (us) ; clarendon CO., % mi S of Manning, W. Stone (penn) ;

COLLETON CO., C. R. Bell (NY) ; DARLINGTON CO., Haitsville, J. B.

Norton (us) ; Seaboard R.R., W of Hartsville, J. B. Norton (ncu)
;

Georgetown CO., 5% mi S of Georgetown, R. K. Godfrey & Tyron

(NY) ; LANCASTFR CO., near Kershaw, H. D. House (US) ;
lee CO.,

2.7 mi N of Lucknow, A. E. Radford (ncu);

NW of Edmund, .4. E. Radford (ncu) ; 5 mi S of Columbia, God-

frey & Tyron (us); thicket just N of Gaston, E. T. Wherry (penn).

LEX

We restrict the epithet rubra to the plants from the

Coastal Plain and Sand Hill regions of Georgia, North and

South Carolina, and to the local disjunct population in

Walton, Santa Rosa and Okaloosa Counties in western

Florida. Plants of the Carolinas are the most uniform,

tending to produce green, maroon-veined pitchers of small

size and volume, a closely arching hood which is longer

than broad, and without reflexed margins. The pitcher

chamber tapers only slightly, the pitcher is nearly as wide

middl

rim The scapes

of the delicately small flowers usually exceed the leaves

times

om that of MacFar

lane, Bell, and McDaniel. MacFarlane did not recognize

races or taxa within the Sarracenia rubra complex.

Wherry, rightly as we believe, considered the Carolina

mountain plants a distinct although allied species, S.

lonesn. many
hybrids of western Florida and Alabama, and plants of

S. alabamensis from central Alabama confused him and

he ascribed to S. jonesii a range in Alabama, Florida, and

Mississippi which actually did not exist and which he later

corrected (Wherry, 1972).
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Most of the controversy over the Sarracenia rubra com-
plex stems from the early misunderstanding of the nature
and range of S. jonesil Bell (1949), believing that the
only reliable character which distinguished S. jonesii from
S. rubra was the distinctive pitcher taper, and that this

pitcher form occurred throughout the range of S. rubra
reduced S. jonesii to a forma within S. rubra. He noted
that many large Coastal Plain individuals lacked S. jonesii's

distinctive pitcher taper and he considered these large
individuals as belonging to S. rubra.

McDaniel (1966) recognized that "S. rubra" consisted of
more than one morphological form. He states:

Were almost any taxonomist unaware of the prob-
lem given selected specimens from Henderson Co.,

NT. C, and selected specimens from the lower
coastal plain of the same state, he would un-
doubtedly consider the two groups of specimens
to represent two clearly distinct species. How-
ever, when all of the diversity of S. ru

must
form common

form common
are extremes of the same species connected by
intermediates both in North Carolina and in other
states. ... I believe that this species has basically
four morphological expressions, each of which has
certain geographic distributions. Intergradation
between these forms is common and I do not feel
it necessary or desirable to distinguish any or all

of them as infraspecific taxa.

Several problems seem to have confused past taxono-
mists. First is the belief that the Sarracenia jonesii leaf
form occurs anywhere except in the Carolina mountain
counties. Contrary to McDaniel's statement that there are
"selected specimens" from the mountains which are the
common" form, there is only one structural form mani-
ested in the mountain counties, S. jonesii, and it occurs
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only there. Plants from the Fall Line Sand Hills of Ala-
bama represent S. alabamensis subsp. alabamensis, which
produces small S. rubra-\ike spring leaves and large, some-
what S. jonesii-Yike summer leaves. Unusually large plants
from the Gulf Coastal Plain represent either large ecads of

S. rubra, extremes of S. alabamensis subsp. wherryi, or
introgressed hybrid individuals (see discussion elsewhere
in this paper).

There remains the problem of the citations of "inter-

grades" and of the relatively tall sand hill populations
from the Carolinas, Georgia and Florida. We have seen
no evidence that intergradation occurs at all. The Carolina
Sarracenui jonesii is not known to make contact with any
other members of the S. rubra complex. Indeed, it is

separated from others of the complex by the Piedmont
province which in the Carolinas is approximately 100 miles
wide. Large-leaved plants of S. rubra, from the inner
Coastal Plain and Fall Line Sand Hills, especially the her-
barium material from Kershaw, Lee, Lancaster, Chester-
field, and Lexington Counties of North and South Carolina,
and plants we collected from Taylor County, Georgia, ap-
proach the height of S. jonesii. Although they lack the dis-

be interpreted as intermediate forms

chamber i

they migh
determine

form was genetic or ecological

mens
from near Lucknow, Lee Countv. South

on the inner Coastal Plain in 1972. In both areas plants
possessed unusually tall pitchers. We grew collected divi-

sions of some of these clones in our comparative culture
greenhouses and outside in our sand bog garden. Clones
of each area were placed beside plants of S. jonesii from
Henderson and Transylvania Counties, North Carolina and
from Pickens County, South Carolina.

As pointed out by Mandosian (1966) the plants required
time to adjust metabolic growth pools. The first leaves
produced in cultivation, while smaller than those of Sarra-



30C Rhodora [Vol. 78

rem
Plain Carolina S. rubra. Those in the harsher outdoor gar-

den situation became reduced in size most rapidly, but by

the end of the third season both the comparative culture

plants indoors, and the outdoor plants had reduced leaf

size to that typical of outer Coastal Plain S. rubra, and all

subsequent growth has remained so (see fig. 5). Sarracenia

joncsii, in both indoor and garden culture has, meanwhile,

retained its characteristic leaf shape and leaf size, even

though in the outdoor bog garden both moisture and or-

matter were below the amounts

habitat in the wild.

mediates

Sarracenia mbra and S. jonesii thus appear to be nothing

3 than ecads induced by the generally more shaded,moi
peaty environment.

The disjunct colony of Sarracenia rubra in western

Florida appears at first to be quite confusing. Within this

area occur 1) plants which are typical, 2) plants typical

in shape, but taller, and 3) plants much taller, some with

some

somewhat resembl Partial-

larly in dried specimens, the plants become difficult to

place. Some of these unusual plants differ in color as well.

Anderson (1949) has pointed out that certain physical

characteristics from one species may pass into another with

which it is hybridizing independently of other character-

istics, and may become established as a characteristic in

the population of the introgressed species in its zone of

contact. McDaniel (1966) in chromatographic experi-

ments, suggests that chemical introgression may occur in

Sarracenia populations where extensive hybridization oc-

curs. He specifically found such evidence between S. (data

and S. leucophylkt. He feels (McDaniel, 1966, p. 20) that

a degree of variability within certain species may be the

result of such introgression. W. H. Camp (1949) pub-

lished a note on Sarracenia in which he expressed the belief

that there were no "pure" species in the Gulf Coast regions
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at all, only massive hybrid populations. Camp overstated

the situation, but hybrid populations abound in the Gulf

Coastal Plain.

Along the Yellow River, in Santa Rosa County, Florida,

is a mixed Sarracenia population in which the following

are all fairly common: S. rubra, S. leucophylla, S. flava,

S. psittacina, and S. purpurea subsp. venosa. Hybrids,

backcrosses, and unusual genetic segregates occur between

all species, except between S. psittacina and S. purpurea.

They are most numerous between S. leucophylla, S. rubra,

and S. psittacina, all red-flowered species with seasonal

overlap in their flowering in this region. Variation in

S. rubra here is unusually great. Genes from S. purpurea,

S. leucophylla, and S. psittacina all apparently affect leaf

carriage, color, and hood size and shape in S. rubra. Some
clones from this region and a similar region south of

Crestview, Florida, produce pitchers which at first ap-

pearance seem to show many of the characteristics of

S. jonesii. The leaves are taller than those in ordinary

S. rubra, narrower in their lower portion, and more sharply

expanded upwards, with hoods arched higher over the

orifice and more reflexed than in other S. rubra clones

nearby. If one grows these plants and examines the nearly

fully expanded but unopened pitchers, he will find small,

faint, whitish areoles on the upper pitcher around the

orifice and on the back of the hood, evidence of introgres-

sive hybridization with S. leucophylla. Sarracenia leuco-

phylla would also account for the unusual height of some
of the S. rubra introgressants in the region.

Schnell (1974) commented on the large pitchers and the

overall red-maroon coloring of many Sarracenia rubra

plants of this population. One of the most noticeable traits

of hybrids involving S. rubra, S. purpurea, S. leucophylla,

and S. psittacina with other species is the presence in well

lighted plants of an overall red-maroon flush to the leaf,

the red coloring often being more developed than in either

parent. F t hybrids involving these plants abound in this

part of Florida (Bell, 1949, 1952; Bell and Case, 1956) and
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most This color, too, we feel

introgressed

enhanced the natural tendency to produce a red flush in

the upper pitcher tube.

In bogs south and east of Crestview, Florida, grow large

colonies of Sarracenia rubra in which the plants are

shorter, and less suffused with red, much more in color and

from There

is much
minor

great many unusual individuals, analysis of leaf size and

structural features of this western Florida population

shows that it most closely resembles the Atlantic Coastal

Plain population and we place it in S. rubra. Our recon-

struction of the group's geological history suggests that

the Florida population has descended from the Chatta-

hoochee or Flint River regions of Georgia, a conclusion

also supported by our chromatological findings.

2. Sarracenia jonesii Wherry, Journ. Wash. Acad. Sci. 19:

385. 1929.

S. rubra forma jonesii (Wherry) Bell, Journ. Elisha

Mitchell Sci. Society. 65: 137. 1949

S. rubra subsp. jonesii (Wherry) Wherry. Castanea.

37: 146. 1972

cm
tall, elongate at base, tapered, very narrow in lower portion

of pitcher tube, becoming widely expanded mostly in the

upper 14 of the tube, often becoming so sharply expanded

as to cause a cross-fold or notch-like fold in the adaxial

face of the pitcher, with back of pitcher slightly bulged

outward, 1 to 4.2 cm wide. Lateral wing of pitcher very

narrow, widest below middle of leaf. Leaves firm and waxy
textured, green, becoming veined with dark purple, or

maroon
rim tightly rolled, dark maroon
somewhat at point where rim an Hoods
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2.4 to 6.5 cm long, 2.4 to 5.4 cm wide, ratio of length/

width 0.91 to 1.67, hoods cordate, moderately reflexed,

neck contracted, carried rather high over the clearly open
orifice, veins of inside of hood colored maroon throughout,
leaves semi-evergreen. Flower scapes few-many, erect,

rarely exceeding the tallest pitchers of the season, 32.5 to

cm cm lone:. 1.5 to 2.0 cm
maroon

green-maroon mottled. Petals maroon 3.0 to 4.5 cm long,

2.0 to 2.8 cm wide, distal lobe often distinctly shovel-

shaped.

Locality : Moist meadow 1.5 mi S of East Flat Rod
Henderson County, North Carolina, E. T. Wherry

cimen : U. S. National Herbarium No
(Wherry)
Distribution: Native only to Buncombe, Henderson and

Transylvania Counties, North Carolina, and in Pickens
County, South Carolina.

meadows
It was apparently frequent at one time in such habitats
along Muddy Creek, in Henderson County, North Carolina.

All known stations there appear to be extinct. Plants from
the vicinity of the type locality are generally less heavily
colored, and with somewhat shorter, broader pitchers than
most of the S. jonesii from other stations, and resemble
very closely in leaf many Mississippi plants of S. alata.

acenut

streams among a

heaths. In such

known to survive.

small

Representative Specimens: North Carolina: buncombe CO., moun-
tain bogs, Biltmore, Biltmore Herb. 3374a (ny); Biltmore Estate,
F. E. Boyton (us); Henderson co., 1V2 mi S of Flat Rock,
Wherry (us) ; East of Flat Rock, R. K. Godfrey (NY) ; East Flat
Rock, D. Samson (ny); swamp near R.R. station, Etowah, E. T.
Wherry (penn)

; 1 mi S of East Flat Rock, Wherry & Pennell
(PH); Hendersonville, H. H. Jackson (ph) ; near Edneyville, D. S.
Correll (duke)

; Transylvania CO., boggy thicket, tributary of Little

River, Case, Moore & Gibson (us). South Carolina: Greenville CO..
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south slopes of Caesar's Head, Loomis (ph) ;
south slopes of Caesar's

Head, Case, Moore & Gibson (us) ; pickens CO. [greenville co.?]

stream feeding Mt. Lake, C. R. Bell (UNC).

Sarracenia jonesii is a rather tall-leaved plant distin-

guished from others of the S. rubra complex in its taller,

relatively more slender pitchers having" elongate petiole

bases with most of the pitcher expansion in the upper

quarter of the pitcher tube. Its distinctly cordate hoods

are carried rather high over the orifice, and tend to be

faintly undulate.

/Flower size of vigorous plants of this species can be

rirmhio that rvf nthprs in thp Sarracenia rubra complex, and

he com
bloom

more s

niform

com
Color of leaf and vein develops slowly in this taxon;

young leaves seldom
member

Several writers and correspondents have claimed that

mer

the large, tapered pitchers result from special conditions

moisture Our experience indi-

cates that this is a false assumption. We have grown

plants of S. jonesii alongside S. rubra from inner and outer

Coastal Plain stations, under identical conditions, for over

20 years. Regardless of the particular ecological conditions,

it was the S. rubra taxa which varied most and at times be-

came less like their wild counterparts. Sarracenia jonesii

remained singularly constant and produced the large,

sharply expanded pitchers throughout the growing season.

Even when deprived of a generous water supply, S. jonesii

pitchers, although becoming reduced in size, remain dis-

tinguishable from those of S. rubra in their taper, larger

size, hood shape, length of petiolate base, and pitcher wing.

Schnell (1974, p. 8) states "How a plant may vary in

different environments as compared to other members of

the species which may vary differently or not at all in
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transplanting, is still likely biologically significant." We
concur, for while we agree that Sarracenia jonesii is very
close to S. rubra, it has maintained its relative differences

from that taxon. There can be no question but that these

differences are genetic, not ecological.

We consider Sarracenia jonesii to be an extremely uni-

form, constant, relict species confined to the ancient Ashe-
ville Peneplain in the Blue Ridge Mountains. We agree with
Wherry's assessment (1972) that he originally ascribed
too large an area to this species (see discussion under S.

rubra). The initial confusion led subsequent writers to

suppose that the ranges of S. rubra and S. jonesii overlap,

which intermediates
grades represent other species or unusual ecads of S. rubra.
It is true that under conditions of deep shade, or if the
rhizomes of S. jonesii are broken up by cattle trampling,
the plants will produce numerous small leaves which over-
lap in size and shape those of S. rubra. Schnell (1974)
points out that these are juvenile-type leaves. We agree.
If grown under good culture, mature S. jonesii produces
only tall, flared, distinctive pitchers. Many pitchers of S.
jonesii cannot be distinguished from similarly sized pitch-

ers of S. alata (Wood) Wood. No one seriously considers
that S. jonesii belongs to that species!

Albino plants occur in at least one locality. This species
is truly endangered; it would be a tragedy if its habitat
were totally destroyed.

3. Sarracenia alabamensis Case & Case, Rhodora 76: 650.
1974.

subsp. alabamensis.

Leaves tending to be dimorphic or trimorphic. Spring
pitchers smaller, 17.7 to 49.5 cm tall, sigmoidly curved,
gradually but regularly tapered from narrow base to a
rather broad orifice, 0.7 to 3. cm wide at orifice, clear
green to yellow-green, often suffused in upper V3 with
strawberry-red when young, fading to yellow-green on
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hoods. Veins uncolored on outer pitcher surface, strongly

maroon-colored within. Lateral wing of pitcher wide,

widest at or just below the middle. This highly expanded

wing and recurved form of the spring pitcher may repre-

sent a transition to a phyllodium. Largest seasonal leaves

(summer leaves) produced from early July onward in well

lighted and well watered plants, much taller and larger

than spring pitchers, 12.2 to 71.7 cm tall, 1.7 to 6.7 cm
wide at orifice, densely but finely pubescent, pubescence

deciduous in dried material, soft and thin textured, dis-

tinctly yellowish-green, often with faint pale yellow-green-

ish to whitish mottling in upper *4 of pitcher, resembling

obscure areolation— this condition rarely extending onto

hood. Hoods of summer leaves large, undulate, with a

puckered expansion of tissue between veins; 2.5 to 9 cm
long, 2.2 to 8.8 cm wide, strongly and conspicuously

reflexed, carried high, low, or irregularly over orifice,

strongly apiculate. Rim of pitcher flared-out, loosely rolled,

bright yellow-green, lacking maroon overtones, region of

juncture of rim and lateral wing strongly indented—
almost spout-like. Veins of hood colored only in basal

half or not at all. Leaves evergreen only at bases, spring

leaves fading and dying as summer leaves produced. Phyl-

lodia produced intermittently, flat, decumbent, recurved,

small, usually produced after spring and before summer
leaves.

Flower scapes many, even on shaded plants, 27 to 57.2

cm tall, shorter than largest summer pitchers, although

exceeding some spring ones, often several produced from
one terminal bud. Sepals 2.0-3.0 cm long, 1.2 to 2.0 cm

maroon
streaked, becoming Petals vari-

ma
S. jonesn, 2.6 to 4.2 cm long, 1.6 to 2.3 cm wide, margins
of distal lobe often erose-denticulate. Mature capsules

small, 0.6 to 1.0 cm
Alabama

between Elmore and Speigner, Case & Case S-500 (us).
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Distribution : In boggy places in the Fall Line Sand Hills

(Harper 1922) of Elmore, Autauga, and Chilton Counties,

Alabama.

Representative Specimens: Alabama: autauga CO., boggy bank
near stream ca 7 mi E of Billing-sly, Case, Gibson and Smith (us)

;

Chilton CO., Clanton, C. L. Pollard & W. R. Maxon (us) ; Jasmine,

R. M. Harper (ny) ; sloping gravelly bog near Jasmine, R. M. Harper
(us); gravely bog near Adams, F. & R. Case, et aL (us); elmore
CO., Elmore, E. T. Wherry (penn) ; 1V2 mi S of Speigner, R. M.
Harper (pii) ; along the railroad between Elmore and Speigner,

F. & R. Case (type)S-oOO (us).

Sarracenia alabamensis subsp. alabamensis is distinct

from other members of the S. rubra complex in its pro-

duction of small, usually recurved spring leaves and in the

production of few to many large much expanded and volu-

minous summer and fall pitchers. These summer leaves are

yellow-green, almost golden toned, faintly marbled with

areole-like pale yellow-green to whitish markings, and with

very large, expanded hoods. The spring leaves tend to re-

main more green-bronze red flushed. Both spring and sum-
mer pitchers tend to be short-lived and produced almost

continuously during the season if moisture and light con-

ditions are favorable. The plant is a dense clump former
and a heavy bloomer.

Since publication of Sarracenia alabamensis we have re-

ceived private communications, some of which suggest that

the recurved spring pitchers described in the protologue

are not normally produced in nature, but result from poor

culture techniques. We have grown this species for 20
years and its behavior with respect to the recurved spring

pitchers is consistent. It also produces the spring leaves in

the wild (see fig. 8) (fide Thomas Gibson, personal ob-

servation, 1975). Plants transplanted to an experimental

bog on the estate of C. F. Moore at Brevard, North Caro-

lina, also produced the recurved leaves. Sarracenia rubra

and S. jonesii growing next to this species either indoors

or out in our experimental situations do not produce

similarly curved spring leaves.
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Fig. 8. Sarracenia alabamensis subsp. alabamensis, showing the

large sumjner pitchers, and a few remaining recurved, smaller, spring

leaves. Photograph from a color slide by Thomas Gibson, taken in

Chilton Co., Alabama, September, 1975.
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We may, in our original description of Sarracenia ala-

bamensis subsp. alabamensis have emphasized too much the

some
duce them, production is rare.

In our comparative cultures, Sarracenia akibamensis
subsp. alabamensis blooms after subsp. wherry i and S.

rubra, but before S. jonesii.

Since the original publication of this species, we have
learned of a few somewhat more extensive colonies than
we had previously believed still survived. We have visited

one such large meadow colony of over 100 clumps. The
geographic range is very limited, and like Sarracenia
jonesii, the species is a relict in an area where suitable

habitat, limited to begin with, and kept open by natural
fires, has been rapidly destroyed by human activity. Even
though there remain a few meadow colonies of a few hun-
dred plants, most colonies, much smaller, exist only through
the accident of habitat kept suitable through moderate
pasturing by cattle. Should pasturing cease, the habitats

would quickly return to brushy thickets in which, with
modern fire protection, the pitcher plant colonies would be
shaded out quickly. The species is endangered and deserves
managed protection.

4. Sarracenia alabamensis subsp. wherryi subsp. nova

S. rubra Walter, PI. Carol. 152. 1778 (in part).

S. jonesii sensu Wherry, Journ. Wash. Acad. Sci. 19:

385. 1929 (in part).

Tota planta subsp. alabamensl similis, sed folia vernalia
magnitudine et forma foliis aestivalibus similia, 8-45 cm
longa, ex rubro viridia, exareolata, ore 0.7-2.8 cm lata.

A subsp. alabamensi operculis minoribus, suberectis vel

orem impendentibus, tarn latis quam longis vel latioribus,

0.8-4.5 cm longis, 0.8-4 cm latis, ex cupreo viridibus (non
flavo-viridibus), venis viridibus vel coloratis, scapis brev-
ioribus 13.7-45.5 cm altis, differt.
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Differs from subsp. alabamensis in the following man-

ner : Rhizome : sparsely branching, clump forming tendency-

only moderate. Pitchers not noticeably dimorphic, petio-

late, recurved-ascending; tubular portion more or less

erect. Pitchers 8 to 48 cm tall, 0.7 to 2.8 cm wide at orifice,

often stout, frequently very gradually tapered from the

base to orifice, not flared, but with the pitcher taper

widest below the orifice. Pitchers densely fine pubescent,

green to bronze-green, upper portion and hood flushed

salmon-pink, external veins mostly without dark maroon

coloring, major veins dark maroon-purple within (dark

color may show through giving a false impression of col-

oring in external veins, especially in dried specimens).

Hoods wider than long, variable, convex and weakly re-

flexed in most plants from the southwestern corner of the

range, more erect, reflexed and with undulate margins in

the northern and northeast corner of its range; veins of

the underside of the hood heavily colored maroon-red in

the neck and proximal portion, uncolored to colored only

on a few of the main veins extending into the hirtellous

distal region, veins of hood exterior scarcely if at all col-

ored. Pitcher rim not flared out, moderately outrolled,

yellow-green, moderately indented at juncture of orifice

rim and lateral wing.

Flowers very early, scapes short, 13.7 to 45.5 cm tall,

produced before development of pitchers, and barely equal-

ing or exceeding pitchers; relatively large, 3.9-6.1 cm wide.

Petals maroon-red often yellow streaked or orangish, but

dark red-maroon in northeast portion of its range, distal

lobe strongly obovate. Sepals broad, not strongly reflexed,

2.3 to 3.0 cm long, 1.5 to 2.0 cm wide, bluntly rounded.

Style umbrella 3.2 to 4.2 cm wide, the divided tips of the

lobes rounded at their apex.

type : Common along a swampy trough in the pine woods

about !/2 mile east of Chatom, Washington Co., Alabama,

growing with S. leucophylla Raf. F. & R. Case S-573 (us),

collected July, 1972, but prepared from cultivated material

in September, 1974.
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Distribution: Northern Baldwin Co., western Escambia

Co., and Washington Co., Alabama, and Wayne Co., Mis-

sissippi.

Representative Specimens: Alabama: Baldwin Co., 12 mi E of

Bay Minette, 5. T. McDaniel (fsu) ; Bay Minette, J. M. MacFarlane

« C. Goesty (penn) ; 10 mi N of Bay Minette, LeClair (unc)
;

Washington Co., damp pine barren between Chatom and Deer Park,

R. M. Harper (ny) ; 3 mi NW of Fruitdale, S. T. McDaniel (FSU)

;

4.5 mi W of Chatom, S. T. McDaniel (fsu) ; 4 mi N of Deer Park,

S. T. McDaniel (fsu) ; 10 mi N of Citronelle, S. T. McDaniel (fsu)
;

swampy trough in pine woods, % mi E of Chatom, F. & R. Case

S-573 (Type). Mississippi: wayne CO., Waynesboro, C L. Pollard

(NY), (us).

Sarracenia alabamensis subsp. wherryi occurs in the

pineland bogs of Wayne Co., Mississippi, Washington

County, Alabama and east of the Tombigbee and Alabama

River systems, much more sparingly in northern Baldwin

and western Escambia Counties, Alabama.

This subspecies is locally abundant in ditches and pine-

land bogs in the western parts of its range, yet it seems

not to have penetrated very far into Mississippi, nor to

have reached the rich Sarracenia bogs southwest of Mobile,

Alabama.

We dedicate this subspecies to Dr. Edgar T. Wherry,

whose insights into Sarraceniaceae are particularly clear,

and who has been so generous with his time, information

and assistance to professional and amateur botanists alike.

Sarracenia alabamensis subsp. wherryi has pitchers

much like the spring leaves of subsp. akibamensis in color,

pubescence, texture and markings. The pitchers, however,

lack the sigmoid curve so common in spring leaves of

subsp. alabamensis, and tend to be recurved only in the

petiolate base. Summer pitchers are of the same sort as

the spring ones and only slightly larger; they lack the

strong yellow undertones and obscure whitish areolations.

Flowers in this taxon are larger, on shorter stems, with

very obovate petals, and fewer are produced per plant.

Whereas the majority of plants of this population are

nuitfi distinct, some plants resemble plants of the Florida
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population of Sarracenia rubra in general size and shape.
Although there is no herbarium evidence of contact between
these two populations, and we have found no evidence in
our field work, the distance between the populations is not
great and some gene flow between them could have occurred
which might account for some of the similarities. How-
ever, the eastern segment of the population of subsp.
wherryi varies less ; many of the plants which most closely
approach S. rubra here grow in the western edge of the
area, in southern Washington Co., Alabama, where hy-
bridization with S. alata and others is rampant. We are
inclined, therefore, to believe these confusing plants have
resulted from introgressive hybridization with S. alata,
S. psittacina and S. leucophylla rather than from inter-
gradation with S. rubra.

Since leaf substance, pubescence, general shape and
volume, color and hood features of subsp. wherryi are most
similar to the same features in comparable leaves of Sar-
racenia alabamensis; since the populations occur partly on
the same river system, separated only by 100 miles of
unsuitable Black Belt soils; and because plants from this
population from near Perdido, Alabama, when chromato-
graphed shared in common with most plants of subsp. ala-
bamensis a flavonoid compound not found in others of the
S. rubra complex, we place this plant as a subspecies of
S. aktbamensis while we acknowledge that its origin could
be more complex.

GEOLOGICAL HISTORY AND SPECULATION

In his "Distribution of North American pitcher plants",
Wherry (1935) theorizes that our modern sarracenias
originated on the old pre-Cretaceous [Schooley or Cumber-
land (Fenneman, 1938)] peneplain of eastern North
America somewhere between the limits of glaciation and
the present day Fall Line. At that time, our present day
Coastal Plain did not exist, but authorities agree that
conditions of moisture and climate on the old peneplain
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modern

Plain (Wh Tertiary uplifts later

created the present Applachian-Cumberland regions, de-

stroying the old boggy peneplain conditions, while the

resulting erosion deposits and crustal movements caused

development most

able Sarracenia habitat in the Tertiary uplands was slowly

destroyed, the plants presumably spread down onto the

developing Coastal Plain which is their center of occur-

rence today.

Wherry's generalized account agrees well with the theo-

ries and evidence presented by other plant-geographers

(Cain, 1944) . In the study of relict species on the Blue

Ridge or Cumberland Plateau of plants very local there

and more abundant on the Coastal Plain, Sarracenia is

often cited.

With so much attention having been given to the geo-

logical history of this region, it is interesting that no one

has previously examined this history in relation to the

Sarracenia rubra complex. Each of the major disjunct

populations of the S. rubra complex centers around the

swamps of a major river system which today has or in the

past has had its headwaters in or very near to Henderson,

Transylvania or Buncombe Counties, North Carolina, and

Pickens and Greenville Counties, South Carolina, or can be

shown to have had headwaters connections in the past into

the French Broad-Tennessee River region just west of the

Great Smoky Mountains. In that region of the western

Carolinas, an ancient strath or peneplain (Asheville Pene-

plain, Fenneman, 1938) survived largely intact the geologi-

cal upheavals which destroyed most of the pre-Cretaceous

peneplain elsewhere in the region (Fenneman, 1938).

Especially at its southern end, the incipient peneplain

lacked sharp drainage (Fenneman, 1938). That it re-

mained suitable for pitcher plants is evidenced by the pres-

ence there today of S. jonesii and S. purpurea. Three

major rivers pertinent to this study arise in this area, the

Chattooga, Saluda, and the French Broad. Headwaters of
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mierht mi

the Catawba, Peedee and Cape Fear Rivers arise just over
the divides to the east and northeast.

One may speculate as follows upon the past events. The
common ancestor of the modern Sarracenia rubra complex
survived the Tertiary Uplifts in the ancient Asheville
Strath. In the early history of this region, the Chattooga
River was continuous with the Chattahoochee River (via
Deep Creek, Fenneman, 1938). There was, therefore, a
past direct corridor from the ancient mountain strath bogs
to the Fall Line hills habitat of western Georgia, over
which pitcher plants or their propagules
Along this route, and across divides of only a few miles
lie the headwaters of the Flint and Ocmulgee Rivers where
S. rubra grows today. From these sand hill regions mi-
gration downstream and across rather narrow divides
could have taken place from the lower Chattahoochee to
the southwestward flowing rivers which drain the area
just east of Pensacola, Florida, where the disjunct colonies
of S. rubra occur on the Coastal Plain today.

At a later time, the upper Chattahoochee (Chattooga)
was captured by the headward growing Savannah River
(Fenneman, 1938, p. 136-137) and the westward shift of
the Blue Ridge divides as the east coast rivers with steeper
gradients extended their headwaters (Fenneman, 1938,
Dietrich, 1971). A series of migration corridors, direct
via the Chattooga-Savannah Rivers, and somewhat less
direct, through the westward shift of the Blue Ridge di-
vides (Fenneman, 1938), opened up to the Atlantic Coastal
Plain swamps. That it is possible for pitcher plants to
cross this Blue Ridge divide along these streams is attested
to by the presence of "cataract colonies" (Wherry's term)
of Sarracenia, jonesii along streams draining to the Atlan-
tic today at an elevation well below the elevation at which
the bulk of the S. jonesii population grows in its main
range west of this divide in the French Broad (Missis-
sippi) drainage.

In this manner, apparently, the ancestor of the present
eastern Sarracenia rubra migrated from this mountain
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area into the drainages from eastern Georgia to the Cape
Fear River. Limited lateral spreading through the outer

Coastal Plain swamps probably occurred in this area.

West of the Coosa in Alabama grow Sarracenia ala-

bam Evi-

dence of the early history of these taxa is less direct. The
Coosa drains from the Great Valley region (Fenneman,
1938) between the Tennessee River and the Great Smoky
Mountains, near the Tennessee-Georgia state line, but has
tributaries from the east which reach nearly to the Chat-
tahoochee. The French Broad River, older than the Ap-
palachians (Fenneman, 1938), crosses them and flows

through the Great Valley to the Tennessee. Although pos-

tulated by some authorities, a direct connectiontion from th(

demonstrated

racenia

sis originated in the area occupied by S. jonesii today, and
that it reached the Coosa headwaters either via the French
Broad drainage along which today the bulk of the S. jonesii

population occurs, or via the Chattahoochee corridor to the
lower Coosa tributaries.

Since Sarracenia alabamensis differs more from S.

jonesii and S. rubra than the latter two differ between
themselves, it seems most likely that before the Tertiary
uplifting, a common ancestor to the S. rubra complex oc-

curred not only in the Asheville Peneplain, but in the

regions farther west of the Great Valley and Cumberland
Plateau. This ancestral stock became separated by the
events which formed the Appalachian Mountains and in

the west became obliterated. Before the western form
became extinct in the Cumberland Plateau region, some
of its members reached the headwaters of the Coosa and
descendents found their way to the Fall Line Sand Hills

of Alabama where they survive in a limited area today.
At a later date descendents of this population crossed

the Black Belt soil barrier and evolved into subsp. wherryi
near the Alabama and Tombigbee Rivers north of Mobile
Bay.
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In the course of the long history involved in these migra-

tions, the localized, isolated populations became changed

from one another, perhaps through genetic drift, mutation,

and hybridization with other species.

That this has been the method of development of the

Sarracenia rubra complex, rather than through the extinc-

tion of parts of a once more or less continuous Coastal

Plain or Fall Line population, is evidenced in several ways

:

those populations which occur on the same or a historically

related river system resemble each other structurally more

than do those members of the complex on river systems

with a different history; the absence of S. rubra from

many Coastal Plain swamps which are, however, occupied

by other species of sarracenias (i.e., S. flava, S. leucophylla,

S. psittacina) , suggests to us not that the former Coastal

Plain range of S. rubra has been reduced, but rather that

members of the S. rubra complex have descended from an

ancient stock which during the Tertiary times became

broken into small, isolated populations which have become

so adapted to their particular habitats that they lack the

genetic aggressiveness to colonize extensively.

All members of the Sarracenia rubra complex are ex-

tremely winter hardy. We grow all species of Sarracenia

outdoors at Saginaw, Michigan, where winter temperatures

(often without snow cover) commonly fall to minus 18°C,

and may reach to minus 30°C. Such a degree of hardiness

suggests to us a more upland or interior developmental

history rather than an origin on the rather mild Coastal

Plain.

Of particular interest is a finding from the chromato-

graphic study of this complex. Several "pairs" of disjunct

populations share flavonoid compounds which were not

complex (see

Table 3).

In each instance, the population on the geologically

younger Coastal Plain occupies swamps in the vicinity of

a major river system which drains from an older, Fall Line

or Blue Ridge region occupied by the other population with
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TABLE 3

Inland, Geologically older Fall

Line or Blue Ridge Region

S. jonesii, Western Carolinas

S. rubra, Taylor Co., Georgia <

S. jonesii, Pickens & Buncombe
Counties, S. & N. Carolina

(but not all S. jonesii tested)

S. alabamensis subsp. ala-

bamensis, Chilton, Autauga,
Elmore Cos., Alabama

Outer Coastal Plain,

Geologically Younger Region

» S. rubra, Western Florida

S. rubra, Western Florida

S. rubra, Carolina Coastal

Plain.

S. alabamensis subsp. wher-

ryi, vicinity of Perdido,

Baldwin Co., Alabama

Table 3. Regions of occurrence of Sarracenia rubra complex taxa
which sharr- a flavonoid compound which is not generally present in

the other populations of the complex.

which it shares a compound. The presence of a compound
not found elsewhere in the Sarracenia rubra complex in

two disjunct populations on the same river drainage sys-

tem suggests to us a relationship between them which
supports our construction of the group's history. It does
not seem likely to us that coincidence could account for all

of the compound sharing pairs of disjunct populations to

occur on just the "right" river systems to fit our historical

reconstruction.

When all the evidence is considered, we believe that the
species which constitute the Sarracenia rubra complex de-

rive from a common pre-Cretaceous ancestral stock which
became discontinuous due to Tertiary geological events.

Two surviving segments of the original ancestral popula-
tion, one east and one west of the Appalachians, managed
to migrate along definite routes to Fall Line or Coastal
Plain areas. Another descendant survived in the ancestral
Blue Ridge home area as well. During the course of these
events, the various populations have diverged to form three
closely related species.
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AN UNUSUAL BLACK GUM SWAMP IN MAINE:
Stands of black gum, Nyssa sylvatiea Marsh., are infre-

quent in northern New England. Where they occur they

appear to be confined to hummocky swamps of only a few

acres. These swamps and their associated vegetation are

quite striking and contrast sharply to the typical northern

hardwood forests on the surrounding uplands. The deeply

fissured black trunks of old gum trees standing among
beds of lush green ferns give the swamps a character which

does not seem real for northern regions. One such gum
swamp in Vermont was described some years ago (Vogel-

mann, 1969; Fosberg, 1970).

During the summer of 1974 I visited an outstanding

example of a black gum swamp in New Gloucester, Maine.

About 5 acres of hummocky swamp is located near the

summit of Little Hill at an elevation of 500 feet. Although

the surrounding forests have been heavily cut-over, the

black gum stand in the swamp is nearly untouched. Only

several cut stumps were found near the edges, and for all

practical purposes the stand is virgin.

Nyssa sylvatiea dominates the area and about 60 trees

over 12 inches d. b. h. were counted. Trunks of some of the

large trees are 22-23 inches in diameter with bark fissures

deep enough to put a hand into. Taller trees reach to about

80-90 feet, and one fallen tree 17 inches d. b. h. measured

60 feet to its broken top which was 6 inches in diameter

at that point. The trees appear remarkably healthy and
vigorous. Smaller trees with stems under 4 inches in

diameter are scarce.

Tsuga canadensis (L.) Carr. is fairly abundant with

trunks of the larger trees up to 30 inches d. b. h. Aeer
rubrum L., up to about 10 inches d. b. h., is common and

some Betuia alleghaniensis Britton is scattered in the

swamp. A few Picea glauca (Moench) Voss. are present

and there are a number of seedlings of Pinus Strobus L.

and Qiiercus rubra L. on the hummocks.
The shrubby understory is comprised largely of Nemo-

panthits mucronata (L.) Trel., Vactinium corymbosum L.

and Viburnum cassinoides L. Other shrubs include Kalmia

326
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angustifolia L., E
rugosa (De Roi)

(L.) Torr., Alnus

n
Pools of water are interspersed among the hummocks
mossv moss domi

hummocks
Maianthemum canadense Desf., Arolia nudicaulis L. and
Clintonia borealis (Ait.) Raf. are common on the mo
Also found here are Trlentalis borealis Raf., Coptis groen-
landica (Oeder) Fern., Smilacina trifolia (L.) Desf., Gmd-
theria procumbens L. and Rub its hispidus L. Near the

edges of the swamp are mucky pools with Iris versicolor

L., Carex cf. brunnescens (Pers.) Poir. and Dryopteris
Thelypteris (L.) Gray.

The sloping rim surrounding the black gum swamp sup-

ports a heavy growth of Hamamelis virginiana L. and
Fagns grandifolia Ehrh. Beyond the rim the dense cut-

over forests are dominated largely by Acer rubrum L. and
Betula alleghaniensis Britt.

Mr. Warner Chandler of New Gloucester, one of the

owners of the swamp, gave me a piece of black gum wood
taken from a tree he had cut near the edge of the stand.

The growth rings are very close and 177 rings were counted
on a 4 inch section. Since the larger trees have trunks
about 23 inches in diameter the ages of some trees could

be in excess of 400 years, which must place them among
the oldest trees in Maine. These calculations assume uni-

form growth rates and allow for a 2 inch thickness of bark.

The ecology and flora of the black gum swamp in New
Gloucester, Maine, is remarkably similar to the gum swamp
described in Vermont. Black gum near its northernmost
range limits seems to be confined to a unique well-defined

habitat. A comparison of the flora and ecology of similar

old age black gum stands in New England would be useful

to determine if these relic stands are indeed as similar as

they appear to be.

H. W. VOGELMANN
BOTANY DEPARTMENT
UNIVERSITY OF VERMONT
BURLINGTON, VERMONT 05401
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THE BIOSYSTEMATICS OF
CARDAMINE BULBOSA (MUHL.) B.S.P

AND C. DOUGLASSII BRITT.

Thomas W. Hart and W. Hardy Eshbaugh i

In his classic monograph of the genus Cardamine, Schulz

(1903) considered C. douglassii to be a variety of C. bul-

bosa. Since then, most taxonomists, including Deam
(1940), Fernald (1950), Gleason (1952), Gleason and

Cronquist (1963) and Stuckey (1962) have considered

them to be two separate species. However, the difficulty

in distinguishing these two taxa is well documented in the

literature.

Schulz (1903) split Cardamine rhomboidea, including

C. douglassii and C. bulbosa, into two major varieties.

Variety pilosa was characterized by small amounts of

pubescence at the base of the stem and on the leaf margins

while variety hirsuta had pubescence covering the whole

plant including the sepals. Each variety was further sub-

divided into two sub-varieties based on petal size. These

seemed

(1903) ms. In none of these

rms
mentioned. Although the name C. douglassii and its syno-

nyms (Torrey, 1822; Gray, 1848; Britton, 1889) was
known to Schulz (1903), he ignored the taxon itself. Most,

financial support of this investigation was provided by the society

of the Sigma Xi with a grant to T. W. Hart and by the National

Science Foundation through Grant GB 27747 to both of the authors.
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but not all, of the purple flowered plants which Schulz ob-

served were considered as the hirsute variety with large

flowers. Most of the white flowering plants were considered

as the pilose variety with small flowers,

Fassett (1940) considered the basal leaves of Cardamine

bulbosa to be longer than wide and diagnostic in separating

that taxon from C. doaglassii. While there appears to be

too much overlap between the two taxa for this to be a good

distinguishing character (Stuckey, 1962) it may be used at

times. The presence of a red-purple cast to the underside

of the basal leaves of C. douglassii and the usual lack of

this pigmentation on the leaves of C. bulbosa has also been

considered as a diagnostic character (Stuckey, 1962).

However, in this study it was found that any characters

involving basal leaves should be avoided since by flowering

time both species, especially C. bulbosa, lack their lower

leaves. It was also noted that under conditions of high

light intensity both species have purple undersides of the

basal leaves.

Deam (1940) and Easterly (1967) found the length of

the pod and the length of the beak too variable to be of

taxonomic value. The external morphology of the seeds

reveals no reliable differentiating characters separating

the two species (Murley, 1951).

Several workers (Gleason & Cronquist, 1963; Easterly,

1964, 1965) have separated these two taxa by flower color

with Cardamine bulbosa usually having white flowers (Far-

well, 1925; Deam, 1940; Stuckey, 1962). Hitchcock and
Standley (1919) and Stuckey (1962) report that sepal

color is less variable than petal color and, therefore, a

better character.

According to Braun (personal communication) these

taxa are ecologically separated. However, Stuckey (1962)

has found both taxa blooming at different but overlapping

times, and growing sympatrically in association with sup-

posed interspecific hybrids.

The ranges of Cardamine bulbosa and C. doualassii are

auite similar in the northern areas. The northern boundary
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for both appears to be New Hampshire, southern Ontario

to central Michigan, and southern Minnesota (Fernald,

1950). Cardamine bulbosa extends west to eastern South

Dakota, Kansas and Missouri, and as far south as Texas

and central Florida. Cardamine douglassii, however, is

more northern in that its southern range is from Missouri

to Tennessee and Virginia. According to A. J. Sharp

comm
seems limited to calcareous soils in

that region.

Stuckey (1962) J that these two species could

combination of characters, in-

cluding their different flowering periods, pubescence length,

sepal color, number of branches, number of cauline leaves,

and height to the lowest pedicel. He suggested that the

mor
stem

Cardamine

bosa into two varieties as did Schulz (1903), based on the

amount ommunication)

He has plotted the distribution of the two forms in Ohio

(unpublished data, 1966) and found that the pubescent

forms are more common in eastern and southern Ohio

while the near glabrous forms are found most often in

northern and western Ohio.

If separate taxa are to be recognized, Stuckey's investi-

gations (1962, 1967) have clearly established the correct

nomenclature for these two species as Cardamine bulbosa

(Muhl.) B.S.P. and C. douglassii Britton. Nonetheless, the

question remains as to whether these are indeed two dis-

tinct taxa. In an attempt to answer this question we

initiated an investigation into the biosystematics and evo-

lution of C. bulbosa and C. douglassii.

CHEMOSYSTEMATICS

The distributional pattern of the flavonoid glycosides in

both Cardamine douglassii and C. bulbosa was examined
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as a possible means of differentiating between taxa and
detecting cryptic phenotypic differences. A search of the

literature has not revealed any previous chemosystematic
work on any of the North American members of Carda-
mine or Dentaria. However, Grouville, Egger and Pacheco

(1970) have identified Kaempferol glucosides in C. praten-

sis of Europe.

Two dimensional paper chromatography was applied to

populations of both Cardamine douglassii and C. bulbosa

as a possible means of differentiating between the two taxa

(Table 1). Three to five (about 0.2 g) air dried cauline

leaves from mature plants were soaked overnight in 50%
acidified aqueous methanol. The total methanolic extract

was then spotted directly onto Whatman No. 3 MM paper
(46 X 57 cm). Sixty-two chromatograms representing

14 populations were included in this study (Hart, 1972;
Appendix 5).

.
The descending method was used to develop the chro-

matograms. They were first developed in the long direction

using tertiary-butyl alcohol, acetic acid, and water (3:1:1,

v/v; TAW) and then in the short direction in acetic acid

and water (5:95, v/v; HOAc) (Mabry, Markham &
Thomas, 1970). After drying, the chromatograms were
examined under transmitted long wave ultraviolet light

with and without ammonia vapors. Most flavonoid glyco-

sides appear as dark purple light absorbing spots in ultra-

violet light and fluoresce yellow to yellow-green with
ammonia vapor in ultraviolet light (Mabry, Markham &
Thomas, 1970).

Partial characterization of the flavonoids was attempted

mono
forming

com )lex between adjacent hydroxyls (Seikel, 1962). This
flavonol-copper complex appears dark in reflected ultra-

violet light while flavonoids lacking adjacent hydroxyls
appear as various shades of yellow to yellow-green.

Hydrolysis and analysis of methanolic extracts for gly-
coflavone (O-glycosyl flavonoid) determination followed
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TABLE 1. POPULATIONS STUDIED
MORPHOLOGICALLY (M), ECOLOGICALLY (E),

AND CHEMICALLY (C)

Species

C. bulbosa*

C. bulbosa

C. bulbosa

C. bulbosa

C. bulbosa

C. bulbosa

C. bulbosa

C. bulbosa

C. bulbosa

C. bulbosa*

C. bulbosa

C. bulbosa

C bulbosa

C. bulbosa

(Hybrid)

Location and characteristics

Mammoth Cave, Kentucky

growing in cold spring* water

Pulltight Springs, Missouri

growing in cold spring water

Buckeye Lake, Ohio

edge of floating acid bog

Blue Ash, Ohio (near Cincinnati)

swamp and moist woodland

Hueston Woods State Park,

Oxford, Ohio; moist woodland

C. douglassii nearby

Madeira, Ohio (Cincinnati Country

Day School)

wet woodland

Spring Valley, Ohio

swamp

Spring Valley, Ohio

open marsh

Cedar Bog near Springfield, Ohio

swamp (northern tendencies)

Mammoth Cave, Kentucky

moist woods (very dry when com-

pared to other C. bulbosa habitats)

Pymatuning State Park,

Andover, Ohio

(M) (E)

1 L

2

3 U

4 P

5 H

6

7 Q

8 R

9 T

10 N

11 V

(C)

Race A

Race B

Race C

Race A

Race C

Race C

Race C

Race A

Bowling Green, Ohio; wet woodland 12 A Race A
(large numbers of C. douglassii

nearby and putative hybrids)

Mammoth Cave, Kentucky M
drainage from a cold spring

(Cooper Springs)

Camp Hook, Franklin, Ohio S

swamp (C. douglassii nearby)
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Species Location and characteristics (M) (E)

C. bulbosa Madeira, Ohio (Cincinnati Country

Day School) mowed (periodically)

moist field not used in analysis

of woody plants

W

C. douglassii/ Bowling Green, Ohio B
C. bulbosa wet woodland (HYBRIDS)

14 C

15 E

16 F

17 G

19 J

20 K

14 D

I

(Q

Race A

Race A

Race A

C. douglassii* Bowling Green, Ohio; wet woodland 13 A Race A
(some C. bulbosa nearby

with putative hybrids)

C. douglassii Camp Hook, Franklin, Ohio

wet to moist woodland (C. bulbosa

nearby, one putative hybrid found)

C. douglassii* Bedford, Ohio

moist woodland

C. douglassii Spring Valley, Ohio

woodland along lake shore

C. bulbosa nearby

C. douglassii Rush Run Wildlife Area,

Somerville, Ohio

disturbed woodland

C. douglassii Hueston Woods, Oxford, Ohio

moist woodland
(C. bulbosa nearby)

C. douglassii John Bachelor Preserve,

Oxford, Ohio; moist-dry woodland
(C. bulbosa and one clump
putative hybrids found)

C- douglassii Spring Valley, Ohio

moist lake shore

C. bulbosa nearby

C. douglassii Camp Hook, Franklin, Ohio
wooded hillside (C. bulbosa at

bottom of hill)

C. douglassii John Bachelor Preserve,

Oxford, Ohio; wooded hillside

18 H Race A

Race A

(12) this population was not included in the morphological study
n 48, all others presumably n 32
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Wagner's (1966) method and standard spectroscopic meth-

ods were used for the characterization of key compounds

(Mabry, Markham & Thomas, 1970; for details see Hart,

1972).

The chromatographs representing the fourteen popula-

tions of Cardamine douglassii and C. bulbosa studied reveal

eighteen putative flavonoid glycosides. These spots are

numbered arbitrarily in Figure 1. The composite chro-

matograph ( Fig. 1 ) also reveals that the spots can be

segregated in such a fashion as to reveal three or four

distinct categories or races.

C . douglassii

race A

C. bulbosa
race A

C. bulbosa
race B

C. bulbosa
race C

6

1

3

8

1

7

-» 4

9 © tf
.5

©
s

A

•n

t - butanoJ : acetic acid :H2 (3:1x1)

Fig- 1. Diagrammatic sketch of the chromatographic patterns

shown by the chemical races in Cardamine bulbosa and C. douglassii.



336 Rhodora [Vol. 78

maxima
been characterized (Table 2). These data indicate that they

are indeed flavonoids. Acidic hvdrolvsis of the com
accom

flavonoid O-glycosides. Authentic samples of a few flavo-

noids were available for comparison with the experimental

compounds. Mabry, Markham and Thomas (1970) illus-

trated a large number of flavonoid spectra obtained by
these techniques which reinforced the identification of

these compounds.

Spot 10, which is found in very large amounts in the

populations of Cardamine bulbosa (Race C), is tentatively

identified as a Quercetin 3 glycoside. The compound ap-

pears dark in Benedict's indicating two hydroxyls on the

B-ring. The presence of 7-hydroxyl is shown by the batho-

chromic shift of Band II in sodium acetate. Both Band I

and II show a shift in sodium hydroxide which is indica-

tive of a free 5-hydroxyl. Since this compound is stable

in alkaline solutions and exhibits a methanolic peak at

360 nm. it is a flavonol, with the sugar attached at the

3-position. Spot 17 has a similar spectrum (Table 2) and
may also be a Quercetin 3 glycoside, possibly differing

from spot 10 by having an additional or different sugar.

Spots 3, 4 and 8 have the same spectra in Cardamine
douglassii and in C. bulbosa (Race A). Since these com-
pounds have one hydroxyl in the B-ring (light in Benedict's

solution) and a methanol Band I maxima of 349 nm. they
are most likely Kaempferol derivatives. The lack of shifts

of Band II in the sodium acetate spectra is evidence that

the 7 positions are blocked. As the compounds do not break
down in sodium hydroxide, the 3-position must be substi-

tuted. Therefore, spots 3, 4 and 8 are tentatively identified

as Kaempferol 3-7 glycosides which probably vary from
number

same and are

same compound
Spot 11 in Race C has tentatively been identified as

luteolin-7-glycoside. This compound is dark in Benedict's
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solution indicating the presence of two hydroxyls on the

B-ring. The lack of a shift of Band II in sodium acetate

is indicative of a blocked 7-position. The methanolic Band
I maximum of 340 nm. indicates that the compound is a

flavone.

The Cardamine bulbosa/C. douglassii complex may, un-

der further investigation, turn out to be highly variable

chemically. Present work reveals as many as three chemi-
cal races present among the plants studied (Fig. 1). The
absence of one or two spots may, in this preliminary study,

be looked upon as inconclusive. Since only 62 chromato-
grams were included in this study with as few as five

chromatograms examined in one race, the lack of a spot

may be due to its presence in a small undetected concen-

tration.

All Cardamine douglassii populations studied and many
midwestern C. bulbosa populations (Race A) appeared to

have similar patterns of flavonoid constituents. One addi-

tional spot (no. 7) may be present in C. douglassii; how-
ever, its absence in C. bulbosa (Race A) has not been satis-

factorily substantiated.

It is assumed that compounds 1 and 2 are different from
compounds 15 and 16. This is indicated for compounds
1 and 15 (Table 2) which shows that the aglycones derived

from spot 1 in Cardamine douglassii and C. bulbosa (Race

A) have similar aglycone spectra while the aglycone from
compound 15 of C. bidbosa (Race C) appears different.

A similar situation occurs with compounds 2 and 16 (Table

2). In addition, C. bulbosa (Race C) differs from the

other races in the presence of 7 dark absorbing compounds
having a placement completely different from the spots in

the other races (Fig. 1). Spot 10 (Quercetin 3 glycoside)

of C. bulbosa (Race C) is always very concentrated, so

much so that it normally stains the paper yellow in white

light.

Cardamine bulbosa (Race B) is characterized by the

presence of two dark absorbing compounds (Fig. 1) not

found in the other races (nos. 5 and 6). Spectral analysis
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attempted

able with which to work. The specimens of Race B came

from Pulltight Springs, Missouri, at the type locality of

C. bulbosa f. fontinalis Palmer & Steyermark (1938). The

plants were found growing almost totally submerged in

om
other populations studied.

Within the limits of the flavonoid chemical data avail-

able, Cardamine douglassii appears to be one of three

chemical races complex. The

wide range of flavonoid chromatographic patterns in C.

bulbosa, with the slight variation of one of these patterns

being C. douglassii, may be evolutionally significant if one

can assume that a highly variable taxon is likely to be

more primitive than a less variable one (Davidson & Dunn,

1967). There is a possibility of finding morphological

characters or certain ecologic factors associated with the

different chromatographic patterns. This will be discussed

further in the section on morphology. The geographic dis-

tribution of the chemical races and the possible reasons

for this distribution needs further study.

CHROMOSOME NUMBERS

The base chromosome number for Cardamine has been

reported to be both seven and eight by Lovkvist (1956) in

his investigation of the high polyploid C. pratensis (Eu-

cardamine) complex. Lewis et al. (1962) reported a chro-

mosome number of n = 32 in C. bulbosa from Texas (base

number = 8) . Haploid counts of n = 28 and n = 56 (base

number = 7) have also been reported (Easterly, 1963)

from both C. douglassii and C. bulbosa in a population of

plants near Bowling Green, Ohio. In an effort to resolve

the conflict in the reported chromosome number for Carda-

mine douglassii and C. bulbosa, a cytological investigation

was made of several populations of these taxa (Table 3).

Young flower buds were killed and fixed in Carnoy's

solution. Snow's acid carmine method was used to stain

the meiotic material which was squashed and subsequently
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TABLE 3. SUMMARY OF HAPLOID CHROMOSOME NUMBERS
AND PERCENT OF POLLEN STAINABILITY WITHIN

CARDAMINE BULBOSA AND C. DOUGLASSII

Species Population No. of No. of Haploid Pollen

Number Plants Counts Chromosome Stainability

Number (n) Average/300
Grains

C. bulbosa

C. bulbosa

C. bulbosa

C. bulbosa

8

9

2

12

7

5

1

4

1

C. bulbosa

C. douglassii

C. douglassii

C. douglassii

C. douglassii

C. douglassii

1

16

19

14

18

13

1

2

4

2

4

1

2

10

1

C. douglassii 15 2

1

27

13

3

6

2

1

7

3

11

3

7

1

3

27

2

1

4

3

32

32

32

32

32

40

40

48

48

32

32

30

32

48

48

32

72

48

98.4

64.9

82.9

72.3

92.1 '

99.1

mounted in Hoyer's medium (Snow, 1963; Beeks, 1955).

Since it was not possible to examine and count all the

material within the week it was collected, selected samples

were stored, either stained or unstained, in a freezer in

70% ethyl alcohol, for future study.

Meiosis occurs in Cardamine douglassii between the be-

ginning- of December and early March while it does not

Mar This ap-

lmpor
mm

osome counts proved extremely difficult to make

as the chromosomes are small and separate with great

difficulty maj studied produced

no acceptable counts due to either poor separation or a lack

meiotic
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The most common chromosome number in both species

is n = 32 (Fig. 2-4) which is found in populations in south-

western Ohio. However, some populations of both species

are found to contain higher chromosome numbers. Carda-

mine bulbosa, in the Mammoth Cave populations (pop. 1,

10), possesses a haploid number of 48 (Fig. 6). This num-

ber is also found in a few plants of C. bulbosa in the

Bowling Green population (pop. 12).

The chromosome number of the northern Ohio popula-

tion of Cardamine douglassii differs from the more typical

number (n = 32) found elsewhere. All plants of C. doug-

lassii collected at the Bowling Green, Ohio, site have a

haploid number of 48 (Fig. 5). It was also noted that C.

douglassii from this site produced fewer seeds than pro-

duced by this species elsewhere. Plants from this popula-

tion show a relatively low percentage of good crosses under

greenhouse control These two conditions may be indica-

tive of irregular meiosis in individuals of this population.

In Bedford, Ohio (pop. 15), only three plants were counted,

two of which have a haploid number of 72 (Fig. 7) and the

other, a haploid number of 48 (Table 3).

Two artificially produced F 1 plants (Fig. 8 and 9) re-

sulting from a Cardamine douglassii (n = 32) X C. bulbosa

(n = 32) cross have meiotic figures with a few lagging

chromosomes and possibly incomplete pairing (Fig. 10)

with a haploid number near 32. A similar situation was
found in a greenhouse hybrid between C. douglassii (n =

Figs. 2-9. Meiotic chromosomes of Cardamine bulbosa and C
douglassii. X 1000. Fig. 2. C. douglassii from Hueston Woods State

Park, Oxford, Ohio (n = 32). Fig. 3. C. douglassii from John Bache-

lor Preserve, Oxford, Ohio (n= 32). Fig. 4. C. bulbosa from Spring

Valley, Ohio (n= 32). Fig. 5. C. douglassii from Bowling Green,

Ohio (w= 48). Fig. 6. C. bulbosa from Three Springs, Mammoth
Cave, Kentucky (n= 48). Fig. 7. C. douglassii from Cleveland

Metropolitan Park, Bedford, Ohio (n= 72). Fig. 8. Chromosome
pattern of hybrid C. douglassii (n,= 32) X C. bulbosa (n=32),
(n= ca. 32). Fig. 9. Chromosome number of hybrid C. douglassii

(n= 32) X C. bulbosa (n= 32), (n= ca. 32 + 2).



1976] Cardamine— Hart & Eshbaugh 343

/

4

/'A

K\/
r\ • $

'/***

4

4

©

u
a

\
9

*>

%

a

%$
•r

©

•ftpt.

s
©

.j»t

A
•
.%%

V
>»l \

•

\
•

*%
%
%*
^
^

©

\

fr>^
*

¥ X

X If

i
#

%

X 4

f

* »

K

M
©

•

• .*

©

t *

/ O
£:

*

©

/ *?

* v
# #

<
r

& * ©



344 Rhodora [Vol. 78

• '

«

*

-

s

'

\V

::-n

.-A

.*

>

* m
i

«

*

Mg % w
'

&fo

:•."

.

* s

,

Figs. 10-11. Fig. 10. Meiosis in a hybrid, C. bulbosa (n 32)

X C. douglassii (n 43), see text for explanation. Fig. 11. Meiosis

in C. douglassii, Bowling Green, Ohio (n 48).



1976] Cardamine— Hart & Eshbaugh 345

48) X C. bulbosa (w = 32). Lagging chromosomes are

common in the buds collected from many plants in differ-

ent populations (Fig. 11). One putative hybrid collected

from the Bowling Green population has a haploid number

of ca. 40.

A number of nlausible mechanisms could be offered here

n
:plain the presence of the chromosome numbers n — 48,

72 and n = 40. However, a more extensive cytological

more

made
another.

EXPERIMENTAL HYBRIDIZATIONS

The artificial pollinations and hybridizations reported

here represent a breeding study undertaken to explore the

importance and mechanism of genetic isolation between

Cardamine douglassii and C. bulbosa. The breeding pro-

gram was undertaken under uniform greenhouse conditions

during two growing seasons. Reciprocal crosses between a

number of populations of these two taxa were attempted

and where possible each cross was undertaken several to

times. Effective emasculation prior to crossing re-many
androecium

and corolla. stigma directly

from the anther of the male parent. Initially, the artifi-

cially crossed flowers were bagged in glassine envelopes

(Kondra & Douney, 1968). However, bagging was discon-

mcom
normal

house conditions.

Crosses between populations of Cardamine douglassii

with a haploid chromosome number of 32 show a high

percentage of fruit set (85.7%) while crosses between

n 48 populations give a low (14.7%) percentage of

fruit set. When crosses are made between populations of

these two different chromosomal levels the percentage of

fruit set is 46.3% when the n = 32 individuals are the

female parent (Table 4)

.
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TABLE 4. CROSSING RELATIONSHIPS BETWEEN SPECIES
AND RACES OF CARDAMINE BULBOSA (B)

AND C. DOUGLASSII (D)

Female Male No. of

B(race A) X B(race A)
B(raceC) X B(raceC)
B(BG) X B (race A)
B (race A) X B(race C)
B (race A) X B(BG)
B (race A) X B (n= 48)

48) X B(race C)

48) X B(BG)
B(n
B(n
B(BG) X B(n 48)

B(n 48) X D(n 48)

B (race A) X D(n — 32)

B(race C) X D(n
B(race C) X D(n
B(BG) X D(n
B(BG) X D(n
D(n
D(n
D(n
D(n

32)

48)

32)

48)

32) XD(n = 32)

48) X D(n
X D(n32)

48) X D(n

48)

48)

32)

D(n = 32) X B(race A)
32)D(n

D(n
D(n
B(race A) Selfed

B(race C) Selfed

X B(race C)

48) X B(race C)

48) XB(BG)

D(n
D(n

32) Selfed

48) Selfed

11

51

23

10

3

1

2

3

2

4

2S

110

23

23

3

14

14

41

25

24

59

19

5

9

8

20

16

No. of Percent Aver. No.

Attempts Fruits Fruit Set seeds/fruit

11

40

17

5

1

2

10

31

19

11

2

12

2

19

7

15

18

3

1

1

100

78.4

73.9

50

100

100

57.1

32.7

82.fi

60.9

66.7

85.7

60

3.8

6.3

7.2

5.3

2.8

4.2

1

3

3.3

5.9

5.6

2.6

2.5

5.3

14.3 5.0

46.3 5.8

28 4.9

62.5 8.6

30.5

n

7.8

5.3

1

1

With the exception of the Bowling Green Cardamine

bulbosa, Bowling Green C. douglassii is generally isolated

from the other races when used as a female parent. In-

terestingly, when C. douglassii (?i = 48) pollen is put on

the stigma of C. bulbosa (chemical Race C) fruit set is

82.6 percent while in the same cross with other chemical

races there is no fruit set.
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C. bulbosa
I

C. douglassii

C. douglassii n=48 n=32

percent

fruit set

2040

40-60

6080

80100

seeds

per fruit

*3

3-5

5 7

7-9

RACE A RACE C

C. bulbosa BG C. bulbosa (Bowling Green, 0.

Fig. 12. Percentage of fruit set and number of seeds per fruit

in intraspecific and interspecific crosses of C. bulbosa and C. doug-

lassii.
J
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One should note that although only a few crosses could be

made, the preliminary evidence indicates that the Carda-

mine bulbosa (n = 32) of the Bowling Green population

may act as a good female parent for all races tested, in-

48 CFie-. 12). While

many
be a decrease in the number of seeds per fruit (Table 4,

Fig. 12).

Since putative hybrids have been found in the field, it is

desirable to know the fertility of artificially produced,

greenhouse grown hybrids for comparison with their par-

ents. Crosses of hybrids F, X Ft produce fruit from 30

percent of the attempts. Of the eight F,> plants grown to

flowering size, only three actually flowered. This was un-

usual as all other plants raised in this study flowered with
little difficulty when mature and after being vernalized

months seem
to affect those plants which did flower, as eight good fruits

with an average of four seeds each were produced from
attempt (Table 5).

Backcrosses of Cardamine douglassii (w = 32) and C.

ma
was the reciprocal to C. bulbosa (Table 5). The relative

m
of gene flow between the two species is possible.

The chromosome race of C. bulbosa (n = 48) found in

Kentucky was not studied in detail ; however, from a total

of fourteen crosses attempted (Table 4) it appears as
though the race may behave somewhat like the Bowling
Green population of Cardamine douglassii (n = 4S). Car-
damine bulbosa, having a haploid number of forty-eight,

may act as the female parent only with difficulty while it

serves as the male parent with ease (Fig. 12). Only four
crosses of the Kentucky C. bulbosa (n = 48) and C. doug-
lassii (n = 48) were tried, and none produced fruit.

Preliminary work demonstrates that both species of
Cardamine are protogynous. The stigma often emerges
one or two days before the flower opens and two to three
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Fig. 13. C. bulbosa with the stigma protruding prior to anthesis,
suggesting incipient protogyny.

days before the anthers dehisce (Fig. 13). Tests have
stigma Protogyny

has been reported in the Cruciferae and related genera
before fHarriman 1965; Johnson, 1971; Rollins, 1971).
An examination of the crossing relationships of Car-

esting facts.

some
mentioned

to be composed of at least three chemical races; however,
while both races A and C cross among themselves and
produce fruit almost 80 percent of the time (Table 4),
their crossability to C. douglassii differs. Cardamine bul-
bosa (chemical Race A) produces fruit about 60 percent

32)of the time when it is crossed to C. douglassii (n
while C. bulbosa (chemical Race C) produces fruit only a
little over 30 percent of the time. When fruits are pro-
duced, little difference is noted in seed production in crosses
between the two chemical races and C. douglassii. The
ability of the Race C to cross with the F,'s of the afore-
mentioned cross is distinctly less than that of Race A.



1976] Cardamine— Hart & Eshbaugh 351

Crossing relationships indicate possible genetic differ-

ences between the chemical races of Cardamine bulbosa.

from

_ „. Race C seems slightly more isolated from C.

douglassii than does the chemical Race A as far as the

production of F,'s and backcrosses is concerned. It is pos-

sible that Race C is a later adaptation of C. bulbosa, less

apt to hybridize with C. douglassii. Another possibility is

that C. bulbosa (Race A) is a variant

hybridization and later backcrossing between C. bulbosa

(Race C) and C. douglassii. Its geographic distribution

needs further study in light of this possibility.

The chromosome race n = 48 of Cardamine douglassii

has a lower fruit set than the other populations when in-

trapopulational crosses are made (Table 4). Data from

crosses between populations having different chromosome

numbers (at least in C. douglassii) indicate the isolation

om Cardamine douglassii

(n = 48)" does not act as a good female parent in inter-

specific crosses. The fact that one population of C. bulbosa

which is sympatric with a C. douglassii (n = 48) popula-

tion can cross readily with it indicates a breakdown of

what genetic isolation mechanisms there are in this popu-

lation. One might expect that in the Bowling Green, Ohio,

population, where C. bulbosa (n = 32) and C. douglassii

(n = 48) are capable of hybridizing, there would be hy-

many

plants.
make, at

Interspecific crosses proved relatively easy to

least as easy as some interracial crosses within species

This indicates that genetic incompatibility is not an im

mechanism
chromosome

bers exist. made

house at Miami University. In the field, examination of

some

ment but that very few seeds mature

When hybrid crosses are made in nature, during the

blooming time, it is most likely that the
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Cardamine douglassii pollen would be transferred to the

emergent stigma of C. bulbosa. At the time of overlap,

C. bulbosa is just beginning to flower while C. douglassii

flowers are wide open. Because of protogyny, the flowers

of C. douglassii would be pollinated with C. douglassii pol-

len by this time. If pollinator inconsistency is assumed, an
interspecific cross with C. bulbosa as the female parent
would be more likely than the reverse.

Only a small difference in number of fruits set is noticed

between Cardamine bulbosa (Chemical Race A, n = 32)
and C. douglassii. Important differences, however, can be
seen in number of seeds per fruit (Fig. 12). The more
easily accomplished cross using C. bulbosa as female parent
produces fruit with a few seeds while the more difficult

cross using C. douglassii as female parent leads to the
production of fruit with many seeds.

At first glance, the phenomenon of protogyny in these

incom

outcrossing, although it may prevent a wastage of gametes.
It appears that in these two closely related Cardamine spe-

cies protogyny is at least partially responsible for keeping
these species evolutionary separate. Johnson (1970) may
have found a similar situation in Arabis holboellii and the
closely related A. sparsiflora.

PHENOLOGY

(Since the two species are supposedly isolated due to dif-

ferent flowering times, the flowering period of Cardamine
bulbosa and C. douglassii was studied over two growing
seasons. Starting in late March through early June, two
to three visits a week were made to four different areas in

southwestern Ohio. Each of these sites contained both C.

bulbosa and C. douglassii. Two quadrats (ca. 10' X 10')

were established at each site and the number of plants of

each species in bloom at each visit was noted.

Phenology of Cardamine bulbosa and C. douglassii is

shown for the spring seasons of 1969 and 1970 (Fig. 14).
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1969 1970

(APRIL) (MAY)

HW
pops. 5,18

SV
pops. 8, 16

} <

BP
pop. 19 H H

s-CZJ-i
CH

pop. 14

I

(APRIL) (MAY)

I

Fig. 14.

H
hybrids

•-OZH

I

1^ i

1st Flower Last Flower

3 or more

Plants in Flower

sequence

and C. bulbosa (b) in southwestern Ohio. 100 sq. ft. quadrat.

Each rectangle in Figure 14 indicates the period of time

three or more plants were in bloom in that particular

quadrat. The horizontal line extending in either direction

indicates the time the first and last plant of that species

was in bloom in the neighboring area. Cardamine doug-

lassii begins flowering around the first week of April and

continues until early May. Cardamine bulbosa, on the other

hand, begins flowering around the last week of April and

may continue into June.

While these two species flower at largely different times,

an overlap of flowering does occur in late April. Stuckey

(1962) similar situation in M H
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due to the more northern position of that state, the overlap

period occurred in mid-May. Putative hybrids (based on

intermediate pubescence length and height) have been

found at the phenological site on the John Bachelor Pre-

serve near Oxford, Ohio. Putative hybrid plants at this

and other locations have an intermediate flowering time

between the parental types.

While Cardamine bulbosa and C. douglassii flower at

different times, the overlap is such that one might expect

hybrids to be produced relatively often. The overlap does

vary from year to year and from site to site ranging from
almost complete overlap at the John Bachelor Preserve

near Oxford, Ohio, in 1969 (population no. 19), to no over-

lap at all at Camp Hook (Boy Scout camp) near Franklin,

Ohio (population no. 14), in the same year.

POLLINATION

Hybridization in nature is mediated through the activi-

ties of pollinators. One bee visiting different species of

Cardamine could possibly cause interspecific hybridization.

In an attempt to identify the visiting insects, hopefully the

pollinators, those insects visiting either C. bulbosa or C.

douglassii were collected during the spring of 1969 and
1970. Collections were made on clear days since cloudy

days produced little pollinator activity. Insects were netted

between ten in the morning and three in the afternoon.

An attempt was made to collect nearly all insects seen with-

out creating a disturbance which might frighten certain

species away. Apis mellifera may be over-represented due

to its size. However, this was realized at the time of col-

lection.

Pollen from the corbicular load was removed and
mounted in Hoyer's solution stained with fast green. It is

not easy to distinguish the pollen of the different genera of

the Cruciferae, let alone separate Cardamine bulbosa pol-

len from that of C. douglassii. It is believed that relative

abundance of crucifer pollen grains (out of sample of 300

grains) contained in the corbicular load of a bee can be
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98.7 Average percentage crucifer pollen carried

.

primarily after nectar

primarily after pollen

PER CENT OF BEES COLLECTED

Apis

Andrena
sp 103

Andrena
sp 102

sp 218

Ceratina

sp 114 • *

sp 112 W/A 69.9

Andrena
sp210

Andrena
sp 208

sp 214

Andrena
sp 106 584

Euylaeus

sp 109
49.6

sp 117

30 10

98.7

93.3

C. douglassii

20 30

Andrena
sp 107

Wj 94.1

Fig. 15. Visitors to Cardamine douglassii and C. bulbosa in-

cluding the percentage of Crucifer pollen carried in their corbicular

loads.



356 Rhodora [ Vo1 -
78

used as an indication of the constancy that the bee ex-

hibited for Cruciferae and possibly for the particular cru-

cifer on which it was collected. Bees were identified to

genus by using Mitchell's (1960, 1962) keys. Species iden-

tification was not attempted in most cases. The specimens

have been sent to Dr. R. Fisher at Michigan State Univer-

sity for further verification.

One hundred and forty-three insects were taken visiting

Cardamine bulbosa and two hundred and fifty-nine visiting

C. douglassii. The most common bee collected on both

species was Apis mellifera (Fig. 15). Robertson (1928)

did not report honey bees as visitors of C. bulbosa. Al-

though honey bees are

bulbosa communities, we
in some. One member o

verv common on C. bulb

from m

(sp. 102) is

e sometimes

importan

earlier flowering species.

Apis mellifera is by far the most common visitor of

Cardamine douglassii (Fig. 16). Another species of An-

drena (sp. 103) makes about ten percent of the visits to

Cardamine douglassii and is primarily a nectar feeder.

This species is probably not as important a pollinator as

its numbers indicate since its method of collecting nectar

frequently entails getting it from the outside of the flower

(Fig. 17). Near the end of the flowering season of C. doug-

lassii, Andrena (sp. 103) began to collect some pollen. This

species, therefore, is of more importance later in the sea-

son as a pollinator of both species and possibly between

the two species.

Apis mellifera is quite constant as to the pollen it col-

lects (Fig. 15). The smaller bees are noticeably less specific

as to the plants they visit. This has been reported numer-

ous times before (Grant, 1950). It was further noticed

that with the exception of Apis mellifera, which collects

both nectar and pollen, the visitors to C. douglassii are

most often after nectar while those of C. bulbosa are pol-

len gatherers.
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*«,

*

Figs. 16-17. Fig. 16. Apis mellifera foraging on Cardamine doug

lassii. Fig. 17. Andrena sp. (sp 103) visiting C. douglassii.
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insect species most likely to visit the flowers of both
s as far as numbers are concerned appears to be Apis
era. However, it seems quite species-specific at any

one time. This, of course, may not be true with the new
bees fresh from the hive (Grant, 1950; Butler, 1945). The
two common species of Andrena (nos. 102, 103) appear to

be less constant as to the flowers they visit and therefore
more likelv to act as cross pollinators of t.hp t.wn snwipa

ECOLOGY

Stuckey (1962) and others previously proposed ecological

factors as possible isolating- mechanisms between the two
taxa under investigation. To test this hypothesis twenty-
three communities in which one or both of the Cardamine
species were found (Table 1, 6) were studied. Three tran-

mimmum
made through each community in which the species were
growing. All of the woody plant species present within
the transects were recorded, including their diameter at
breast height (DBH). Seedling trees were considered to

whil
DBH

than six inches. This method allowed the calculation of
abundance and basal area but did not allow calculation of
frequency.

Estimates of species composition and abundance of her-
baceous flora within a community were made by sampling
five or more one meter square quadrats at random. After
visual estimates of the abundance of the various species
had been made, they were classified into three categories

:

abundant (3), common (2), rare (1). Plants present in
the community but not located within one of the five quad-
rats were also noted. ( om

summing
common (2), or rare (1) values of each species for the five

quadrats. In this system a species that was abundant in
all five herbaceous quadrats would then have an abundance
value of 15.
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Soil moisture was calculated at intervals throughout the

spring and early summer for two years in many of the

communities. Soil from the upper four inches was collected

into airtight jars, and weighed immediately upon return to

the lab. This soil was dried at 105°C for 48 hours and
reweighed. The percent water in the soil was then calcu-

lated with percentages greater than 100 percent, assumed
to be 100 percent.

Importance percentages of the more abundant woody
species were calculated by the Jackson and Petty (1971)
method. Jackson and Petty argue that weighing the per-

cent basal area (dominance index) twice as much as the

density (percent abundance) gives a more ecologically ac-

curate expression of a species' contribution to a community
in disturbed old-growth forests.

The importance value, percent water, abundance, basal

area, number of canopy trees per acre, and pH were used
in a regression with 17 morphological characters to study
character relationships (Hart, 1972; Appendix 8).

Similarities between the study areas were tested with
the use of a Cluster Program by G. F. Bonham-Carter
(1967). This technique used presence-absence data as op-
posed to Hall's (1970) semiquantitative data method. Jac-
card's coefficient (Sokal & Sneath, 1963; Sneath & Sokal,

1973) was also found to be quite useful. This coefficient

prevents a high degree of association from occurring be-

tween objects lacking a large number of characters in com-
mon. Similarity, as expressed by this coefficient, is a
measure of the similarity of plants present in the various
communities.

The weighted pair group method, using average linkage,
was used in clustering the Operational Taxonomic Units
(OTU's) of the association coefficient matrix (Sokal &

(popu-

Sneath, 1963; Sneath & Sokal, 1973).
Both the Q-mode or comparison betw*

lations) and the R-mode or comparison
(plant species) analyses were used for clustering in this
study. The Q-mode association comparing populations is
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based on presence and absence data while the R-mode
analysis is based on semiquantitative data.

Twenty-three populations containing Cardamine doug-

lassii and/or C. bulbosa were compared for their herba-

ceous vegetation. Both Jaccard's coefficient and Sokal and
Michner's (Sokal & Sneath, 1963; Sneath & Sokal, 1973)

coefficient were used. Of a total of 191 herbaceous species

encountered within one or more of the twenty-three popu-

lations, only those ninety-seven species present in two or

more communities were used. This arbitrary limitation

was necessary due to the lack of a computer program capa-

ble of handling a matrix including all the species.

Community similarity, based on the presence or absence

of all sixty-eight woody species encountered, was computed
by both Jaccard's and Sokal and Michner's association co-

efficient and clustered by both the weighted and unweighted
method. Only twenty-two populations were compared as

opposed to the twenty-three populations used in comparison
of the herbaceous species. This was necessary since there

are no woody species in one community studied near Cin-

cinnati, Ohio, which is periodically mowed throughout the

summer and fall.

The R-mode approach, which is based on only presence
or absence of a species, has been questioned as a statistic

by Siegal (1956). For this reason the species comparison
has been based on semiquantitative data (Hall, 1970). The
community abundance of each species ranges from one
through fifteen. This abundance was split into five groups

:

abundant (11-15), very common (6-10), common (2-5),

rare (from present in comm
comm This particu-

commu

number
more
would

give increased cognizance of the rarer species while de-

abundant species.

importance of the more common
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Figs. 18-21. Fig. 18. Cardamine bulbosa community, Spring Val-

ley, Ohio. Fig. 19. Coun

try Day School, near Cincinnati, Ohio. Fig. 20. Cardamine doug-

tassii community, Bachelor Estate, near Oxford, Ohio. Fig. 21. Car-

damine dovc/lassii and C. bulbosa community, many putative hybrids

present, near Bowling Green, Ohio.
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Fig. 22. Population similarity based on the woody species present

in the community. Jaccard's coefficient clustered by the weighted
pair-group method. Mean expected value 0.0932.
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Fig. 23. Population similarity based on the woody species present

in the community. Jaccard's coefficient clustered by the unweighted
pair-group method. Mean expected value = 0.0932.
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The variation of habitats in which the species were

found is shown in the four community photographs (Figs.

18-21). Similarity based on the presence of woody species

(Jaccard's coefficient) does not reveal a clear cut separa-

tion (Fig. 22, 23). However, several interesting associa-

tions do occur. The community at Rush Run (Com. G)

containing Cardamine douglassii is different from the

others in southwestern Ohio. It has a strong association

(about 0.5) with the northern community in Bedford,

Ohio (Com. E). Both communities have relatively high

amounts communities

cluster with three C. bulbosa communities, one from the

Illinoian till plain of southwestern Ohio (Com. O) and two

others from Kentucky (Com. N, L). It is also of interest

to note that the woody species on the hillside and the ad-

jacent floodplain at the John Bachelor Preserve (Com. I,

J) near Oxford, Ohio, are not very

cluster closely together.

similar

The Sokal and Michner coefficient takes into considera-

tion the absence of a species and causes some noticeable

changes in the form of the dendrogram (Fig. 24, 25). For

instance, Cedar Swamp, an alkaline bog with northern

affinities (Dachnowski, 1910), is shown to be unlike all

other communities. The weighted cluster (Fig. 24) shows

maj community at Cedar Swamp
(Com. T). The second is the two communities studied

near Bowling Green, Ohio (Com. B, A), which have both

Cardamine species and apparent hybrids intermixed. The
third group contains a mixture of communities : one C.

douglassii from southwestern Ohio (Com. G), one C. doug-

lassii from northern Ohio (Com. E)*, one from the Illinoian

till plain of southern Ohio (Com. 0), and two from Ken-
tucky containing C. bulbosa (Com. N, L). The fourth

group contains the six remaining communities in which

C. douglassii (Com. C, D, H, I, J, K) is important. The
remaining cluster contains communities which have rela-

numbers of C. bulbosa. although one (Com
does
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Fig. 24. Population similarity based on the woody species present
in the community. Sokal and Michener's coefficient clustered by the
weighted pair-group method. Mean expected value = 0.G94.
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COMMUNITIES
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J
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J

Fig. 25. Population similarity based on the woody species present
in the community. Sokal and Michener's coefficient clustered by the
unweighted pair-group method. Mean expected value = 0.0694.

The unweighted pair group method (Fig. 25) is basically

communities (Com. L M
N) communities

om. E, G)
ge numbers

communities

Swamp commu
(Com. T) and one from Bowling Green (Com. B) are
somewhat isolated from the others
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• * •

Communities

LMONI JKCBAFGDEH PRQSUTWV

.6

.5

4

3

7

.1

Fig. 26. Population similarity based on the herbaceous

present in the community. Jaccard's coefficient clustered

weighted pair-group method. Mean expected value = 0.105.

species

by the

coefficient

species produces four easily recognizable clusters (Fig.

26, 27). One group om. L. M com

munities from the Illinoian till plain east of Cincinnati,

Ohio, from

om. R, Q
damine bulbosa but not C. douglassii

V) are high in water except for the

community (Com. W) where

mowed (Table 6). remaining group is com

of communities where C. douglassii, with or without C.

bulbosa, is found.
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Communities

RQSUTV LMONI J KC GAF BD EH PW

6

5

4

3

2

.1

Fig. 27. Population similarity based on the herbaceous species
present in the community. Jaccard's coefficient clustered by the un-
weighted pair-group method. Mean expected value 0.105.

When considering both presence and absence (Sokal &
Michner's coefficient), the unglaciated populations do not
form method

communities
major groups. This division is not related to particular
Cardamine but appears to associated

number of large woody plants present and the presence of
large amounts of water. communities in the smaller
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Fig. 28. Population similarity based on the herbaceous species

present in the community. Sokal and Michener's coefficient clustered

by the weighted pair-group method. Mean expected value = 0.8204.
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Communities
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Fig. 29. Population similarity based on the herbaceous species

present in the community. Sokal and Michener's coefficent clustered

by the unweighted pair-group method. Mean expected value = 0.8204.
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more
present whereas the larger group has large trees and tends

to be drier. Three groups may be distinguished by the un-

weighted pair-group method (Fig. 29). While these groups
are based on the presence and absence of various species,

there is no apparent ecological factor associated with the

separation of the communities in this manner (Table 6).

Herbaceous species associated with Cardamine bulbosa

(Jaccard's coefficient) appear to be different from those

associated with C. douglassii. The ten highest association

values of species found with C. glass
are different for the herbaceous species, although the al-

most ubiquitous Rhus radicans and Parthenocissus quin-

TABLE 7. HERBACEOUS SPECIES WITH THE
HIGHEST ASSOCIATION (JACCARD'S) WITH
CARDAMINE BULBOSA AND C. DOUGLASSII

Species Association

Association with Cardamine bulbosa

Galium aparine .345

Parthenocissus quinquefolia .340

Impatiens biflora .338

.316

.294

Symplocarpus foetidus

Rhus radicans

Eupatorium perfoliatum .24

Urtica dioica

Q

Caltha palnstris

Angelica atropurpurea
Scirpiis atrovirens

Association with Cardamine douglassii

Gewm vernum
Osm.orhiza claytoni

Galium aparine

Viola papilionacea

Cryptotaenia canadensis

220

205

195

189

o
.59

.583

.564

.550

.500

Parthenocissus quinquefolia .487

Rhzis radicans .472

Amphicarpa bracteata

Claytonia virginica

Aster sp.

,444

407

360

1C. bulbosa with C- douglassii = .130
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folia are found with both species (Table 7). When
determining' which species are most

sociated with anv one particular sp(

from

as important as its presence. For this reason it is thought

that Jaccard's coefficient best describes the species asso-

ciated or characteristically found with either C. bulbosa or

C. donglassii.

Jaccard's coefficient (Table 7) shows only a few species

highly associated with both Cardamine douglassii and C.

bulbosa. This would be expected if the two species differed

in ecological requirements.
-

Table 8 shows the ten herbaceous species which have the

greatest difference between the association with Cardamine

bulbosa and the association with C. douglassii. These may
be considered as differential indicators to be used in iden-

tifying- the species of Cardamine expected to be found

within a oriven area. However, one should not assume

must
or C. douglassii.

The importance percentages (Table 9) of the woody
species fail to show any clear cut habitat difference between

populations of Cardamine bulbosa and C. douglassii. Close

examination, however, does show a dissimilarity of the

C. bulbosa communities on and off Wisconsin glaciation

zones. Acer saccharum and Ulmus americana are more
characteristic of C. douglassii and unglaciated C. bulbosa

communities.

Analysis of both the woody and herbaceous vegeta-

tion fails to completely separate populations containing

Cardamine bulbosa from those containing C. douglassii.

The R-mode analysis of the herbaceous vegetation does

indicate particular plant species commonly associated with

one species but not the other. This is an indication of some
ecological differences between C. bulbosa and C. douglassii.

That this isolation mechanism is not complete may be seen

by the communities in which both Cardamine species are

found.
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TABLE 8. HERBACEOUS SPECIES WITH THE MOST
DIFFERENCE BETWEEN THEIR ASSOCIATION
(JACCARD'S) WITH CARDAMINE BULBOSA

AND THAT OF C. DOUGLASSII

Association values

Species D

Association with Cardamine bulbosa

Symplocarpus foettdus

Scirpus atrovirens

Carex stipitata

Sagittaria latifolia

Typha latifolia

Carex laxiflora

Boehmeria cylindrica

Caltha palustris

Onoclea sensibilis

Senecio aureus

Eupatorium perfoliatum

Association with Cardamine douylassii

Geum vemwm
Osmorhiza claytoni

Viola papilionacea

Cryp to taenia, canadensis

Amphicarpa bracteata

Hystrix patula

Campanula americana

Aster sp.

Sanguinaria canadensis

Polymnia canadensis

Claytonia virginica

.121

0.0

0.0

0.0

0.0

0.0

0.0

.063

.032

.067

.138

.593

.583

.556

.500

.444

.333

.320

.360

.333

.250

.407

B

.316

.189

.179

.162

.162

.154

.135

.205

.154

.184

.243

.143

.133

.146

.156

.130

.023

.022

.068

.071

0.0

Difference

.195

.189

.179

.162

.162

.154

.135

.142

.122

.117

.105

.159

.450

.450

.410

.344

.314

.310

.298

.292

.262

.250

.248

In general there is separation, as indicated in the den-

drograms, between the populations of Cardamine bulbosa

found in swampy conditions and those of Wisconsin glaci-

ation. Populations of C. douglassii with or without C. bul-

bosa seem to cluster together.

The analysis of the woody and herbaceous vegetation,

which shows a tendency of Cardamine douglassii contain-

ing communities to cluster together, is a strong indication

of the specificity of C douglassii for a particular habitat.

Cardamine bulbosa, on the other hand, appears to be quite
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mu
conditions under which it is capable of undergoing ecesis.

Herbaceous species are found to be associated with Car-

damine bulbosa at a lower level than with C. douglassii.

This fact may also be interpreted to mean that the particu-

lar study areas containing C. bulbosa varied more than

those containing C. douglassii and that the resulting asso-

ciations are due to sampling error or the fact that the

ecology of C. bulbosa is more variable than that of C.

douglassii.

MORPHOLOGY

To be able to more fully understand the evolutionary

relationships between and within Cardamine douglassii

and C. bulbosa, it was considered necessary to take a closer

look at the morphological similarities and differences

within the taxa. Plants for morphological study were

selected at random from within each population. Twenty-

two characters were measured on each plant. Seven of
i

these characters were averages, such as the length of the

pubescence, length of petals, etc. Through the use of vari-

ous indices the number of characters was increased to

thirty-one (Table 10).

Three measurements were made to the nearest milli-

meter (Character Numbers 2, 3, 4) and three (number of

branches, number of leaves, number of hairs per mm2
)

were meristic in nature. Length of pubescence and num-
ber of hairs per square millimeter were calculated using

an ocular micrometer. Other measurements were made
with calipers to the nearest .001 mm.
When the plants were collected in the field, one or two

flowers were picked. Since petal size may vary depending

on the age of the flower, the flowers used were all of about

the same age. A flower was dissected, the parts placed on

ozalid paper and then exposed to light. Later exposure to

ammonium hydroxide caused the shaded portion that had

been covered by the flower parts to become dark. Measure-

ments of the images were made with a Bausch and Lomb
measuring magnifier to the nearest tenth of a millimeter.
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TABLE 10. CHARACTERS USED IN THE
MORPHOLOGICAL STUDY

1. Number of branches

2. Height to first pedicel from the base of the stem (cm) 1
*
2

3. Height to first leaf from the base of the stem (cm)

4. Height to second leaf from the base of the stem (cm) 2

5. Length of petiole of first leaf (cm)

6. Length of lowest cauline leaf (cm) 2

7. Width of lowest cauline leaf (cm)

8. Length of petiole of second leaf (mm)
9. Length of second leaf (cm) 1

-
2

10. Width of second leaf (cm)

11. Least width of second leaf (cm)

12. Number of cauline leaves 1
'
2

13. Height of plant -f- number of branches (no. 2 -r- no. I) 2

14. Height of first leaf -5- petiole height (no. 3 -5- no. 2) 2

15. Leaf one: petiole-blade index (no. 5 -f- no. 6)

16. Leaf one: leaf index (no. 7 -r- no. 6) 2

17. Leaf two: petiole-blade index (no. 8 -f- no. 9)

18. Leaf two: leaf index (no. 10 -f- no. 9) 1 * 2

19. Height 4- number of leaves (no. 2 -r no. 12)

20. Number of hairs per mm (avg.) 1
*
2

21. Average pubescence length (0.01mm) 1
*
2

22. Width of stem (mm) 2

23. Length of calyx (avg.) (mm)
24. Length of petals (avg.) (mm) 1

*
2

25. Width of petals (avg.) (mm) 2

20. Petal index (no. 25 -f- no. 24) 1
*
2

27. Filament length (avg. of long stamens in m,m) 2

28. Pistil length (mm) 2

29. Gyno-andro index (no. 27 4- no. 28) 1 * 2

30. Leaf two width index (no. 11 4- no. 10) 1
-
2

3!. Color petals (from 1 to 7) 1

Characters studied in comparison of intrapopulational differences of

C. bulbosa.

-'Characters used in calculating Davidson and Dunn coefficient.
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was a study of the biosystematics

mine bulbosa and C. doualassii, it was
mis

ing when comparing the populations morphologically. This

was a problem in only one community, near Bowling

Green, Ohio, where both species and their putative hybrids

occur quite commonly. Hybrids were determined based on

their intermediate pubescence length and intermediate

flowering time, and plants judged to be hybrids were elim-

inated from the morphological species comparison. This

attempt to compare

species.

The recommended sample size for similar taxonomic

treatments is from 15-25 individuals (Cazier & Bacon,

1949). Pimentel (1958) investigated the effect of sample

size on the range of confidence limits. He found a decrease

in the size of the confidence limits with an increase in sam-
-

pie size. About fifteen samples are required to stabilize

these limits. A partially successful attempt was made in

this study to collect a minimum of fifteen plants from each

population. In three populations of the twenty populations

(Table 1) the scarcity of specimens necessitated collections

of less than fifteen plants. These areas were Pymatuning
Lake, Ohio; Camp Hook, Ohio; and at Pulltight Springs,

Missouri (population numbers 11, 14, and 2).

Physiogeographic variability may be a significant factor

influencing plant morphology. This indicates the impor-

tance of equidistance between sample areas. Frequent

sampling in similar nearby habitats may represent wasted

time and energy while too infrequent sampling may divide

a gradual cline into several distinct taxa. Of necessity,

most of the twenty populations studied were in south-

western Ohio with scattered areas in northern Ohio, Ken-

tucky and Missouri. Although this cannot be considered a

com
mid-West
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The mean, standard deviation, maximum and minimum
were computed for the characters in the twenty populations

(Hart, 1972, Appendix 11). Significant differences or

similarities between populations were established using an
analysis of variance for each particular character (Table

10). For this test, data for the particular character were
used for all plants measured with a maximum of thirty

plants per population.

When the F value was significant (0.01 < p < 0.05) or

highly significant (p<0.1) the Student Newman Keuls
(SNK) Multiple Range Test (Woolf, 1968) was used to

compare the means and show where the similarities and
differences were located. The probability level of rejecting
the null hypothesis was 0.05.

Petal color was studied by comparing specimens with
other specimens instead of with a color chart (Kerlan,
1965). from
plants were chosen as standards. One petal was very light

pink, another pinkish-purple and the third, rather dark
purple. Any specimen lighter than light pink (2) was con-
sidered white (1), while those darker than purple (6),
were reported as dark purple (7). The measurement of

petal color necessitated the use of non-parametric methods
which are used when one is concerned with the distribu-

tion parameters
there are different distributions or variances involved. The
Kruskal-Wallis test (Siegel, 1956) which is based upon the
ranking of the variates and the assumption that if dif-

ferent populations are not different from each other, the
ranks should be approximately the same (Sokal & Rohlf,

1969).

The number of branches was found to be a useful char-
acter by Stuckey (1962). Its interspecific and intraspecific

importance was tested with the Kruskal-Wallis test as was
petal color. Petal color has also been tested with analysis

of variance and the multiple range test. This was done,
even though it is not statistically valid, in an attempt to

show which populations differed.
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Simple regression based on the character means of each

population was computed with selected morphologic and

ecologic characters. Both interspecific and intraspecific

regression were done with all combinations.

Simple regression is a means of measuring a linear

relationship between two characters assuming that one is

dependent upon the other. The regression establishes the

form (positive or negative) and significance of this rela-

tionship between two variables. The presence of a signifi-

cant relationship between two variables should not be

assumed to indicate any biologic dependence of one upon

another as both variables may be dependent on a third,

unknown variable. .

Multiple regression (Bliss, 1967) was used on a selected

number of morphological characters in an attempt to de-

termine which morphologic and/or ecologic characters seem

to be most important in explaining the variation of a

particular character. Multiple regression estimates the

total relation between one variable and each predicting

variable.

Seemin (Hart, 1972, Appendix 14)

were tested against the one character Y. Those characters

seeming most important in explaining the variability of

character Y were retested and retested again each time

eliminating the least important variable. Upon elimination

of those characters which could least explain the variability

of Y, one to a few characters will usually remain. Elimi-

nation of any of these remaining characters causes a dras-

tic drop in the F value and a decrease in the Coefficient

of Determination (r-) which is the per cent of the varia-

tion of Y which the remaining characters explain.

Multiple regression analyses of five ecological characters

and each of the morphological characters making up the

two major groups of correlated Cardamine bidbosa char-

acters (Fig. 38) were attempted. These analyses were per-

ormed on the premise that one of these two groups might

more
the other.
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A Model I linear regression is used when a dependent

or random variable (Y) is correlated with and varies on

an independent or fixed variable (X). When both variables

are dependent, the rare Model II linear regression is

assumed. Computations for both models are identical.

Two similarity coefficients were used in analysis of the

twenty populations of Cardamine douc/lassii and C. bul-

bosa. Each population was considered as being an opera-

tional taxonomic unit (OTU). The correlation coefficient

and distance coefficient were used for comparing the popu-

lations based on thirty-one morphological characters. The
programs, written in the APL/360 languages according to

Sokal and Sneath (1963) and Sneath and Sokal (1973)

have the missing data option. Population means of the

thirty-one characters were first standardized (Sokal &
Sneath, 1963) and then the similarity coefficients were

calculated.

The hybrid index was calculated based on four relatively

good diagnostic characters. It was felt that these char-

acters (pubescence length, plant height, flower color, and

blooming time) were the best characters in distinguishing

Cardamine bulbosa from C. douglassii. In each of these

four characters, the typical C. bulbosa condition was set

at from one to four while C. douglassii was set at zero

(Fig. 41). Only the plants collected by the random method
were used.

It is important to realize that the value given to the

fourth character in this study (blooming time) was based

on the number of flowers in bloom or yet to bloom divided

by the total number of buds, flowers and fruits, when com-

pared to one or the other parental species. Populations

from communities in which only one species of Cardamine
was found were assumed to be typical for that species.

As random samples of the two species were collected at

different times without any knowledge of the relative

abundance of each of the species, no attempt should be

made to predict the relative abundance of the two species

from the hybrid index percentages.
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In this investigation a number of statistical tests were

used to determine and interpret morphological relation-

d/
some

tions written bv the authors (TWH) expressly for this

study.

inter

damin

da-

the SNK Multiple Range Test (Table 11) were

computed on ten of the thirty-one characters measured. In

interpreting (Table 11) each multiple range test, all means

which are over any given line are not significantly (0.05

level) different from each other. Means which are not

over the same continuous line are significantly different.

Standard deviation, mean and range are plotted for

pubescence length, plant height (Figs. 30, 31), the number

of hairs per mm 2 (Fig. 32), and the number of cauline

leaves (Fig. 33). Pubescence length (Fig. 30) appears to

be a character which can always be used to identify an

individual plant species. Population number 13 {Ca\

mine douglassii) has a significantly shorter pubescence

length (Fig. 30) than 5 of the 7 other populations of C.

douglassii. The difference in pubescence lengths of plants

grown under controlled greenhouse conditions can be seen

in Fig. 34. The pubescence length of the known hybrid is

noticeably intermediate between that of C. bidbosa and

C. douglassii. Plant height is also a good diagnostic char-

acter (Fig. 31). While significant, plant height does show

considerable overlap and cannot be used as the only identi-

fying character.
*

Again, the Bowling Green population of Cardamine

douglassii (no. 13) is unusual because of its petal index.

These plants (Table 11), on the average, have the largest

index of all, significantly different from the southern

(n = 32) populations of that species.

The Student
r
Newman Keuls Multiple Range Test (Table

11) indicates that the length of the second leaf is not an

important character distinguishing the two species. How-
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ever, all damine douglassii populations have shorter
average leaves than does C. bulbosa. The two northern,
polyploid C. douglassii populations have larger leaves than
the other C. doucflassii. f of C. bulbosa
has the longest leaves of all populations studied but unlike

of leaves (Fig. 33), this character differencenumber
proved to be insignificant.
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Fig. 34. Left Panel, pubescence in Cardamine douglassii. Middle

panel, pubescence in known hybrid. Right panel, pubescence in

C. bulbosa.

Branch number and petal color, two nonparametric

characters (no. 1 and 31), were found to vary significantly

within the twenty populations studied (Table 11) when
tested with the Kruskal-Wallis One Way Analysis of Vari-

ance Test. Visualization of the location of the important

differences can be made using Figures 35 and 36 where the

frequency of the petal color index and the number of

branches are shown.

Both Cardamine douglassii and C. bulbosa generally lack

branches. However, four populations of C. bulbosa average

greater than two branches per plant. The multiple range

test, used only to demonstrate populational differences and

not as an accurate statistic, shows a species separation by

petal color. The flowers of all C. bulbosa average white

(1) to light pink (2) while C. douglassii is darker in color.

Three C. douglassii populations were significantly darker

than all the others.
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COLOR INDEX COLOR INDEX

Pop 1 2 3 4 5 6 7 Pop 1 2 3 4 5 6 7
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Fig. 35. Color index. The frequency of colors (white = 1, purple

: 7) in the population is indicated by the width of the lines. The
mean value is indicated by the dotted line. Cardamine bulbosa (popu-

lations 1-12) and C. douglassii (populations 13-20).
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NUMBER OF BRANCHES NUMBER OF BRANCHES
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Fig. 36. Number of branches. The frequency of the number of

branches in the population is indicated by the width of the line. See

Figure 35.
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Population differences within Cardamine bulbosa were
measured using analysis of variance (See Hart, 1972) and
a multiple range test (Table 12). Population number 12

has at least two significant differences from all the popula-

tions studied (Fig. 37). This population is near Bowling
Green, Ohio and consists of scattered clumps of C. bul-

bosa among large numbers of C. douglassii. Putative

hybrids are relatively common and can be identified by
their intermediate flowering time and length of pubescence.

They are, however, not included in the statistical study of

the populations. Nevertheless, population 12 (Fig. 37) is

different from all other populations of C. bulbosa, and it

varies towards C. douglassii in pubescence length, flower

color and number of leaves. Population 12 (C. bulbosa)

differs from most other populations of C. bulbosa studied

as to petal length and leaf width index of the second leaf.

A second population (no. 8) is outstanding because it

differs from other Cardamine bulbosa populations (Fig.

37) in having numerous branches, pink petals (Fig. 35)

and is a member of chemical race C. It is possible that

growth in full sunlight may have accentuated other differ-

ences such as the amount of pubescence, petal size, filament

length, and pubescence length.

Finally, population 2 is notably different (Fig. 37) from
five or more of the other Cardamine bidbosa populations.

This population of C. bulbosa grows almost entirely sub-

merged in cold spring water and was collected in Missouri.

Simple regressions of seventeen morphological char-

acters, using population averages as well as six ecologic

measurements, were computed in all possible combinations.

Intrapopulational correlations studied by this method indi-

cate that within Cardamine douglassii five characters are

significantly (0.05) correlated with chromosome number.
These characters are the leaf index, number of hairs per
sq. mm, average pubescence length, stem width, and the

petal index. There is also an indicated relationship of the

filament length, stem width and petal color with various

ecologic factors. No important or unexpected character
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number of

differences

at 0.05

n= 48
chemical race

A

2

3

4

n- 32 chemical race

B

n= 32 chemical race

C

Fig1

. 37. Summary of the differences (eleven characters) between
populations of Cardamine bulbosa as shown by the Multiple Range
Test.
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15. Petal color
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17. Chromatographic pattern
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Fig. 38.

' simple regression

Character correlations in Cardamine bulbosa as shown

lysis.
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correlations were seen when all populations were included

in the interpopulational simple regression analysis.

Certain of the twenty-five significant character correla-

tions of Cardamme bulbosa as measured by simple regres-

sion are of particular interest. The chromatographic pat-

tern, for example, is correlated with branch number, pu-

bescence length, and filament length.

Figure 38 shows all the significant correlation (0.05)

•phological characters. These corre-levels ot the various morphological characters,

lations appear to be in three groups. The first group is the

chromatographic pattern and its associated characters. A
second group is those characters dealing with size and the

various indices. The third relatively small group indicates

a correlation between chromosome number and the leaf

index. The multiple regression of the correlated char-

acters, within Cardamine hulbosa, with various ecologic

factors showed that no significant correlations occurred.

The shaded correlation matrix (Fig. 39) based on twenty
populations shows Cardamine douglassii (populations 13-

20) as being quite similar while C. bulbosa (populations

1-12) shows considerable variation within the species.

Populations 13 and 14 show a little less similarity than is

typical for the other C. douglassii groups (Fig. 40). Both
of these populations are growing in moist soil with C. bid-

bosa and putative hybrids nearby. However, populations

13 and 14 have different chromosome numbers and are

found in different geographical sites in Ohio.

OTU number 12 is a population of Cardamine bulbosa
growing in northern Ohio and apparently hybridizing with
C. douglassii. Population number 12 is not very similar

to either species.

The distance coefficient failed to produce as sharp a sepa-

ration between Cardamine douglassii (OTU 13-20) and
C. bulbosa (OTU 1-12) as might be anticipated. OTU's
number one and two are not very similar to most other

C. bulbosa. In both these populations the plants were
growing partially submerged in cold spring water. OTU
one and ten also have a chromosome number of n = 48.
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Fig. 39. Shaded correlation coefficient matrix for populations of

Cardwmine bulbosa (1-12) and C. douglassii (13-20). Significant

correlation (0.05) equals 0.355.

om commu
forma fontinal mer

mark, 1938).

The hybrid index (Table 13, Fig. 41) indicates that

with the exception of populations 12 and 13 (the Bowling

Green, Ohio populations) the two species are

separate (Figs. 41, 42). The
com

mor
characters separating the species, however, break down in

populations 12 and 13 (Figs. 41, 43).
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Populations

l.o
1 2 3 5 6 7 4 8 9 10 11 12 14 13 15 16 17 18 19 20
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Fig. 40. Correlation phenogram of populations of Cardamine bul-

bosa (1-12) and C. douglassii (13-20) with clustering based upon
the highest mutual correlation. Significant correlation (0.05) equals

0.355.
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HYBRID INDEX VALUES
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Fig. 41. Hybrid index values of typical populations of Cardamine

bulbosa (1-12) and C. dou<,

from Bowling Green, Ohio.
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TABLE 13. HYBRID INDEX PERCENTAGES OF
POPULATIONS OF CARDAMINE BULBOSA

AND C. DOUGLASS1I

Population Hybrid Index Percentages012345678_______ 17 83________ ia 87

15 85

100

— 100

— 100

18 82

38 62

10 90
— 100

8 92

2

3

4

5

6

7

8

9

10

11

12, 13 8 19 15 5 7 11 8 5 23

14 53 47

15 93 7

16 60 40

1

7

80 20

18 72 28

1

9

78 22

20 67 33

Morphologically the best diagnostic characters for sepa-

rating Cardamine bulbosa from C. douglassii (Figs. 44,

45, 46) are pubescence length (Fig. 30), plant height

(Fig. 31) and flower color (Fig. 35).

There is no overlap in pubescence length between the

two species under normal conditions. Cardamine bulbosa

normally has hairs less than .15 mm long while normal

C. douglassii has hair lengths greater than .2 mm (Fig.

34). Problems do arise in that plants with hair lengths

falling between .12 and .25 mm do occur (Figs. 34b, 43).

These plants often are intermediate in other characters

such as flowering time, flower color, and plant height.

Throughout this study, those plants with intermediate hair

length and flowering time have been considered to be puta-

tive hvbrids.
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e

Putative hybrids between the two species appear to be

relatively rare; however, a few have been found at the

John Bachelor Preserve (pop. 19) near Oxford, Ohio, and

one at Camp Hook (pop. 14) near Franklin, Ohio. Large

numbers of putative hybrids (Fig. 47) were found near

Bowling Green, Ohio (populations 12 and 13).

Cardamine douglassii plants at the Bowling Green loca-

tion (population 13) are somewhat different from most of

the other populations of C. douglassii studied. They are

somewhat like C. bulbosa in that the pubescence is shorter

most

tions. Bowling Green C. douglassii also have a greater

most

same
spersed among the C. douglassii plants (Fig. 47). The

plants of C. bulbosa at this locality have very large petals,

many of which tend to be pinkish in color. This may be

an indication of introgression or heterosis due to hybridi-

zation. In addition these plants have longer pubescence

most

bosa.

same

intermixed in tl

ferent from otht

i aforementioned

and the presence of large numbers of putative hybrids

(Figs. 41, 43) at this locality are strong indications of

relatively large amounts of past or present gene flow

between the two species in this community.

l, Michigan State University (personalDr. John Beaman, Michigan State University

communication) reported that Cardamine bulbosa and C.

douglassii differ in their leaf index. This possibility was

investigated and could not be substantiated for the plants

studied (Table 11, char. 18). However, a correlation be-

tween leaf index of the first leaf and pubescence length

and petal color was discovered. A comparison of popula-

tions 12 and 13 with other C. bulbosa and C. douglassii

populations suggests the presence of introgressive hybridi-

zation in the Bowling Green, Ohio population (Heiser,

1973).
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i w n

Figs. 44-47. Fig. 44. Habitat photo of Cardamine bulbosa, Chemi-
cal race A. Fig. 45. Habitat photo of C. bnlbosa, Chemical race C.

Note the many branches. Fig. 46. Habitat photo of C. douglassii.

Fig. 47. Habitat photo of Bowling Green, Ohio populations (12 and
13). Cardamine douglassii is on the left, C. bulbosa on the right,

with a putative hybrid in the center.
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A previous report of the petal size of Cardamine doug-

lassii exceeding that of C. bulbosa (Stuckey, 1962) does

not appear valid. The three largest petal averages were

found in C. bulbosa (Table 11). The largest petals were

found in populations of C. bulbosa high in water content

with the exception of the Bowling Green population (no.

12). While not statistically significant, it is interesting

to note that four of the five populations having the smallest

petals are found within C. bulbosa having numerous

branches.

Stuckey (1962) mentioned the possibility that Carda-

mine bulbosa (Muhl.) B.S.P. var. hirsuta 0. E. Schulz was
similar to some of the pubescent forms from southwestern

Ohio. He may have been referring to certain plants of a

race characterized by: numerous branches, the chemical

race C pattern, numerous stem hairs, short hairs and

smaller flowers with a tendency to have pinkish petals.

Numerous branches occur in this race of C. bulbosa but

not in the species as a whole (Figs. 44, 45). Therefore,

this character should not be used as a diagnostic species

characteristic, as has been done previously.

Leaf index is correlated with chromosome number in

both Cardamine bulbosa and C. douglassii. However, one

cannot tell the chromosome number of a plant by exami-

nation of the leaf index due to the overlap involved.

POPULATION FITNESS

method for the measurement

of fitness and the horn of populations in their

respective ironment was presented by Davidson and

Dunn (1967). Their me expects a high variability

(many ui

situation. assume that in an environment

more

plant variability than in a marginal environment.

The Davidson and Dunn (1967) model imagines species

X as being comprised of a number of biotypes (different
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combinations) which occupy an environment

time most

environment are likely to contribute the greatest number

of genes to the subsequent generation. As selection will

tend to reduce the potential variability contained in the

biotypes, those biotypes most fit or best adapted to the

environment can be thought of as having the potential for

higher variability and as having reached an adaptive peak

in that particular environment.

If elements of Species X invade a peripheral or ecologi-

cally new environment, they may produce a founder popu-

lation (Mayr, 1942) effectively isolated from other members
of the species. Davidson and Dunn (1967) have proposed

that: 1) The number of genes incorporated into the new
population will be directly proportional to the number
which originally entered the population and 2) inversely

proportional to the amount of selection pressure for fitness.

The number of genes in the founder population is likely

to be less than in the original populations, because fewer

genes are likely to be introduced, and the selection pres-

sures will probably be different in the new environment.

The exact genes contributing to the founder population

will depend on which genes entered the populations, the

amount of selection, and upon the particular gene(s)

affected by selective pressures peculiar to the new environ-

ment. Only a portion of the parental genes are introduced

and the new population is exposed to different environ-

mental pressures. It is unlikely, therefore, that the new
same

as the parent population.

c m
mor

variable than in the original population. This is in agree-

ment with Mayr (1963) who refers to the founder principle

saying that "total genetic variation tends to decrease as

local populations encounter presumably new selective forces

in environments and habitats other than those occupied

earlier by predecessor populations."
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The founding population, in time, may become more
variable through genetic changes. The rate of recovery

will depend on the number of sets and kinds of genes

which are found in the population as well as time, chance,

and the amount of selection against the mutants and re-

combinants. This polygene recovery may be rapid at times.

The genetic variation may also be considered to vary

depending on the environmental features influencing the

various characters. Studies treating environmental fea-

tures as independent variables and morphological char-

acters as dependent variables are relatively common (Hop-

kins, 1938; Epling & Dobzhansky, 1942; Brown, 1957;

Birch et al.
f 1963). These studies indicate many linear

relations between specific environmental and various popu-

lational features.

It is usually assumed that genetically different migrants

invade selectively different habitats, and changes under

these differing conditions are unique in each. Selection by

one environment may directly affect genes while under a

different environmental selection different genes may be

affected.

As a means of measuring the differences between the

genetic variability of different populations caused both by
evolutionary history (founders principle) and environ-

mental selection, Davidson and Dunn (1967) recommend
the use of the correlation coefficient. Upon making random
samples, assuming equal variances for the characters, the

correlation coefficient is a measure of how close the char-

acters come to having a linear relationship with each other.

It is assumed that the greater the number of correlated

characters or the less plant to plant variability they ex-

hibit, the younger the population and/or the higher the

selection pressure that plants in this population are under.

Nineteen populations were included in this study with

fifteen to twenty plants per population being studied. The
population from Pulltight Springs, Missouri, was not in-

cluded due to the lack of sufficient specimens. Twenty
characters were used (Hart, 1972, Appendix 15). These
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particular characters were studied since many are impor-

tant species characters and they appear to be normally

distributed.

om
ing Green population since some could not be positively

identified to species due to the hybridization occurring in

this area. Only specimens considered to be pure were used

in this test. Had the putative hybrids and backcrosses

progeny been included, the variability of both species might

have been increased.

A program using the APL/360 computer first standard-

ized all characters and then computed the correlation co-

efficients (Hart, 1972, Appendix 3). The degrees freedom

used were (n— 2) with n equalling the lowest number of

measurements used in the computation of the correlation

coefficients. Thirteen degrees of freedom were used as the

smallest number of plants studied in the populations in-

cluded here was fifteen.

A measure of within-population correlation magnitude

was calculated using the i coefficient of Davidson and Dunn
(1967).

The Davidson and Dunn coefficients (Table 14) for pure

populations of Cardamine douglassii and C. bulbosa are

similar with both the highest and lowest coefficients found

in populations of C. bulbosa. As the i values of the popu-

lations of C. douglassii tend to be slightly higher than

those of C. bulbosa, one might suspect C. douglassii to be

the derived species. The different chromatographic pat-

terns of C. bulbosa have variable i values, thus failing to

indicate which of the races is younger.

The Davidson and Dunn method indicates that Carda-

mine douglassii is the derived species, although no definite

conclusions can be reached in this example with reference

to the founders principle. The intraspecific variation no-

ticed may be due mostly to environmental selection. Carda-

mine douglassii has three populations with relatively high

i values. The Bowling Green population where hybrids are

common is intermediate in its i value. If a breakdown of
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TABLE 14. INTRAPOPULATION VARIABILITY USING
THE DAVIDSON AND DUNN i VALUE

Population

Number
Chromosome
Number

Chemical

Race

Average
percent

water

i value

DF 13

Cardamine douglasstz

14

16

15

13

18

19

20

17

Cardamine bulbosa

4

5

12

6

9

7

3

1

8

11

10

32

32

48,72

48

32

32

32

A
A
A
A
A
A
A
A

87

51

84

100

60

33

57

71.8

26

26

32

37

37

39

40

53

32

32

32

32

32

32

48

32

C
A
A
C
A
C
A
A
C

48

100

60

100

100

100

67

100

100

100

100

46

14

17

22

24

24

25

31

37

43

48

59

the species themselves is occurring in this location, one

mierht expect m
the i value.

Water commonly been thought to be an im

factor separating these two species (Stuckey, 1962; Gleason

& Cronquist, 1963) and it should be noted that in the

Bowling Green (no. 13) population the soil is extremely

wet, possibly too wet for high variability of Cardamine

douglassil The population at the John Bachelor Preserve

(no. 19) exhibits the reverse situation with the presence

may The

Rush Run population (no. 17) is located in a highly dis-

turbed, moist upland woods. All populations with a high

i value differ from most other populations of C. doug-
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lassii by being either unusually wet, dry or in a disturbed

community.

One population of Cardamine bulbosa located near Ugly
Creek in Mammoth Cave National Park is much less vari-

able than the others. This population appears to be under

high selection pressure causing the variables to be highly

correlated. The soil is quite dry for C. bulbosa and eco-

logically the area appears more typical of one inhabited

by C. douglassii.

SPECIES DISCUSSION

Cardamine bulbosa is an extremely variable species in

comparison to C. douglassii. This may be seen morpho-
logically through the use of correlation and distance co-

efficients and with the Davidson and Dunn (1967) i value.

It has also been shown that both chemically and ecologically

C. douglassii is much less variable than C. bulbosa. If the

assumption of an increase in variability through time is

correct, C. douglassii is probably derived from the wide-

spread C. bulbosa.

Three chemical races of Cardamine bulbosa were found.

Cardamine bulbosa forma fontinalis, found growing almost

submerged in cold spring water, possesses one of the dis-

tinctive chromatographic patterns (Race B). The other

two chemical races do not differ ecologically. However, one

(Race C) normally has more branches and tends to have

white to slightly pink flowers and a large amount of pu-

bescence. Race A normally has few, if any, branches, and

white flowers with only a small amount of short pubescence.

Stuckey (1962) considered naming the varieties he found

which differed as to the amount of sepal pubescence. His

pubescent variety appears to be equivalent to chemical

race C- Populations of this chemical race can be identified

morphologically; however, identification of many individual

specimens without chromatograming is questionable. Based
on the numerous branches and hairs it would appear that

the type specimen (Type Clayton s. n. bm, ex. Herb. Gro-

novii) of C. bulbosa belongs to chemical race C.
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In Cardamine bulbosa, chemical race C possessing quer-

cetin and chemical race A hybridize easily under green-

house conditions. It is also quite difficult to tell some of

these individuals apart based on external morphological

characters. Further investigation into the genetics and
geographic distribution of the chromatographic patterns

may indicate the biological and evolutionary importance

of the different patterns and their associated morphological

characters. If further research indicates that C. bulbosa

chemical race A tends to be similar in range to C. doug-

lassii, then a close look at the morphology of C. douglassii

and the various races of C. bulbosa will be necessary. In

number of branches, petal length, as well as the chroma-

tographic pattern itself, C. bulbosa— chemical race A is

more similar to C. douglassii than it is to C. bulbosa—
chemical race C. The possibility that C. bulbosa— chemical

race A is a variety of C. bulbosa possessing some genetic

material from C. douglassii should not be overlooked in

further investigations.

The evolutionary significance and the geographic dis-

tribution of polyploidy within Cardamine bulbosa and C.

douglassii is poorly understood. The presence of the chro-

mosome number of n = 48 in the two northern popula-

tions of C. douglassii studied may be explained by the

fusion of a normal haploid egg (n = 32) with an un-

reduced diploid sperm. The fact that some plants with

.imber 48

were found in population 15 at Bedford, Ohio, lends further

support to this hypothesis.

Low intrapopulational variability, as indicated by high

Davidson and Dunn i values, is found in ecologically

borderline habitats of both species. The highest i values

communi
and a wet, disturbed comm

dami
and C. douglassii, was previously questioned by Schulz

(1903). On the other hand, most modern authors have

recognized these taxa as two species.
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Before resolving this conflict, one must define his own
species concept. Mayr's (1969) biological species definition

states that "Species are groups of interbreeding natural

populations that are reproductively isolated from other

such groups/' Many botanists prefer different species to

have a "certain degree" of morphological difference in

addition to reproductive isolation. This is due, in part, to

the presence of polyploidy and apomixis in plants, as well

as the opinion of some that a classification should be useful

to the herbarium or classical taxonomist.

Isolation of the genomes is extremely important in the

development of biological species. Assume, for instance,

that Cardamine bulbosa contains genes which help adapt

the species to one particular niche. These particular genes

are present in the individual breeding population because

of selection by the environment. A second breeding popu-
lation (C. douglassii) in a different ecological niche but in

the same community as the first is exposed to different

selective forces and would contain different arrays of co-

adapted genes.

members
will produce many untested presumably poorly adapted
genotypes. If the parental populations differ with respect

to an adaptive gene combination of ten or more inde-

pendent genes, over 99.9% of their F 2 zygotes could be

expected to be subvital recombinations (Grant, 1971).

This huge loss of reproductive potential resulting from
interbreeding of differentiated sympatric populations can

be contrasted with the generally beneficial results of inter-

breeding within the same population. In this situation

blocks to hybridization would be favored by natural selec-

tion and would spread through each of the populations

(Grant, 1971; Wallace, 1968).

A stable biotic community is composed of reproductively

isolated breeding populations. Sexual reproduction between
members of different breeding populations would lead to

the breakup of adaptive gene combinations within each

population. A biological species, then, is composed of breed-
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ir.g populations reproductively isolated in nature. This

reproductive isolation must be somewhat complete in order

to prevent the breakup of beneficial gene combinations. The

isolation mechanisms necessary for two lines to evolve

separately may be internal or external and need not act

under laboratory conditions or in artificial cross pollina-

tions.

Sokal and Crovello (1970) conclude that the biological

species definition will not apply equally to both the classical

species (morphological) and the evolutionary species. Fur-

thermore, in effect, two or three species definitions may be

required.

The particular species definition used in any one group

of plants may depend in part on the plants themselves as

well as the background or emphasis of the particular

taxonomist. Grant (1963, 1971) and Cain (1954) recog-

nize the importance and need of distinguishing between

the biological species and the taxonomic species. The

biological species definition emphasizes reproductive iso-

lation while the taxonomic species definition emphasizes

phenetic or morphologic variation. Both are commonly

related to each other; however, many problems arise from

sibling species, polyploidy and apomixis.

An emphasis on evolution instead of reproduction or

morphology necessitates a third species definition, that of

the evolutionary species (Grant, 1971). The evolutionary

species is a group of populations which are 1) an ancestral-

descendant sequence of populations, 2) evolving separately

from other such lineages, 3) fitting their own particular

ecological niche in a biotic community, 4) susceptible to

p in their evolutionary role through time (Simpson,

1961).

Much of the argument
taxonomist. At times

may
tion of plants from these three viewpoints— biological,

mic and evolutionary. "Viewed from the stand-

point of the evolutionary species concept, however, the
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important question is not whether two species hybridize,
but whether two hybridizing species do or do not lose their

somedistinct ecological and evolutionary roles.

hybridization, they do not merge, then they remain sepa-
rate species in the evolutionary perspective"
1961).

imps

Considering the total biology of Cardamine bulbosa and
'issii permits a better understanding of the species

problem
C. douglassii, artificial hybrids were produced with relative
ease in the greenhouse. In' addition, natural putative
hybrids were found in three different areas in Ohio. Since

com
they cannot be considered as different biological species.
The status of Cardamine bulbosa and C. douglassii as a

omic

logical difference one equates with species differences. The
data previously presented indicate that both taxa can
always be separated on pubescence lensrth assumi
or no hybridization is occurring in the population. Other
good characters separating the taxa are: flowering time,
habitat, flower color, height, and time of meiosis. Taking

m
acters studied, one can always differentiate between so-

called good C. bulbosa and C. douglassii. As the characters
separating the two species appear to be fixed and are not
variable from place to place one must assume that the taxa
are genetically isolated from one another. They are not

)letely isolated by pollinator activity, crossing be-
havior, phenology or ecology. However, as each of these

com

sms
that the two species are very close to being- completely

In areas, particularlyfrom
along the northern edge of their ranges, where the isola-

tion mechanisms break down one may find hybrid swarms
and introgression to Cardamine bulbosa; however, the evo-
lutionary importance of this is unknown. Man has prob-
ably been instrumental in the formation of these swarms
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through farming techniques and various kinds of distur-

bances. He has similarly kept these swarms from
'

from

seems, then, that one may
evolutionary species as they are separated by

reasonably good morphological characters and are pres-
nomic

mean
ently distinct evolutionarily.

ture gene flow could not cause species breakdown.
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EFFECT OF CLIMATE, SOIL PHYSIOGRi3

AND SEED GERMINATION ON THE
DISTRIBUTION OF RIVER BIRCH

(BETULA NIGRA)

James L. Koevenig

It is generally accepted that a flowering plant's distribu-

tion is determined by: (1) a variety of biotic, edaphic,

climatic, physiographic and pyric factors and the plant's

physiological response to these factors; (2) its reproduc-

tive success; (3) its powers of mobility or the dispersion

of sexual and asexual disseminules ; and (4) its evolution-

ary history, including the place and time of origin and the

subsequent biotic and abiotic factors (Billings, 1952;

Good, 1964; Krebs, 1972; Oosting, 1958; Raup, 1951;

Tivy, 1971), Although a modified Law of Limiting Fac-

tors is still considered valid, the trend in analyzing plant

distribution is to consider many interacting environmental

factors (Billings, 1952; Cain, 1944; Gorham, 1954; Tivy,

1971). This approach assumes that the combined influence

determines distribution, although it is recognized that when
the dominant factor is in full play, minor factors are less

apparent. The difficulty with this approach is that it is

hard to determine quantitatively the interaction of several

factors and relate it to plant distribution. As a result,

most analyses of plant distribution involve situations where

the dominant factor is obvious or where the effect of a

single factor on one aspect of the life cycle can be easily

studied.

Few distributional studies deal with trees, exceptions

being the role of fire in maintaining various conifer or

chaparral populations (Ahlgren & Ahlgren, 1960; Cooper,

1961; Daubenmire, 1936; Garren, 1943; Hanson, 1939;

Komarek, 1967; Mirov, 1967; Mueller et al, 1968; Stewart,

1951; Stoddard, 1936; Sweeney, 1956). Studies on trees

are especially difficult because of the length of the life

cycle and complications involved in breeding and trans-

420
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plant experiments. Most of the studies on trees deal with

commercially important trees like the pines in southeastern

United States (Ahlgren & Ahlgren, 1960; Cooper, 1961;

Garren, 1943; Hanson, 1939; Komarek, 1967; Stewart,

1951 ; Stoddard, 1936) or on species that hybridize and are

involved in some aspect of speciation (Johnson, 1939;

Johnsson, 1945; Mirov, 1967; Richens, 1945; Righter,

1946; Rosendahl, 1916; Smith & Nichols, 1941; Stebbins,

1950; Syrach-Larsen, 1937). One genus, mainly of trees,

that has been studied intensively is Betula. Most of this

work, however, has focused on B. papyrifera, which has

an unusual chromosomal situation and many varieties

(Brittain & Grant, 1965a, 1965b, 1967, 1968; Clausen,

1962a, 1962b, 1966; Johnsson, 1945; Rosendahl, 1916;

Stebbins, 1950). Another species, B. nigra, the river

birch, has a distribution in the United States (Koevenig,

1975) that has led to a unique analysis of controlling fac-

tors and some insight into why the northern ranges of

some plants follow the Wisconsin glacial moraine boundary.

This paper presents a hypothesis on the distribution of

Betula nigra and reports some preliminary observations

supporting it.

PROCEDURE

The distribution of Betula nigra (Koevenig, 1975) was

compared to maps of various established climatic, edaphic

and physiographic factors in the United States and to

distributions of other species that might be found in

sim r habitats and compete with B. nigra.

determine if Betula nigra could grow ir

of its northernmost range, 20 seedlings were removed

from river bottomland in Blackhawk, Bremmer and Fay-

ette counties in Iowa, within B. nigra's range, late in the

fall of 1965. These were bare root transplanted in soil

taken from similar habitats in Le Seur County, Minnesota,

outside B. nigra's northwestern range within the Wiscon-

sin glacial moraine. The transplants were left in the



422 Rhodora [Vol. 78

University of Kansas greenhouse (also outside B. nigra 's

range) where they survived and flourished until August,
1966, when the experiment was discontinued.

Field observations were made in Iowa, Minnesota and
Wisconsin to determine the extent of asexual reproduction

and patterns of seed distribution. Seeds collected in Wis-
consin and Kansas were checked for viability using stand-

ard germination tests and 1% (w/v) aqueous solutions

of 2,3,5-triphenyltetrazolium chloride (Grabe, 1961). In

some germination tests fruits were soaked for 24 hours
and the fruit walls and seed coats were removed. The
embryos were then placed on sterile filter paper in Petri

dishes at 25°C in darkness, with and without the addition

of aqueous extracts from the fruit walls and seed coats.

Seedlings that developed in germination tests were trans-

planted to soil from within and beyond the range of Betula
nigra to determine if soil or moisture is more important
during early stages of growth. These were
a year.

mai

RESULTS AND DISCUSSION

Comparison of the distribution of Betula nigra with
maps of various climatic, edaphic and physiographic fac-

tors revealed no obvious correlation with the exception of

the pattern of major south and east flowing streams and
rivers in the United States (Fig. 1). Betula nigra has a
high soil moisture requirement, especially during early
stages of growth. This is supported by my field observa-
tions that this species is found only in wet areas, unless
cultivated, and by attempts to grow seedlings and trans-
plants. Failure to keep the soil moisture near field capa-
city resulted in wilting of the seedlings and usually death.
The lack of a major stream drainage in certain parts of

the Appalachian region, Louisiana, Alabama, Arkansas
and Mississippi may be one reason for the lack of reports
of B. nigra from these regions. Seasonal lack of moisture
apparently explains the western limit of B. nigra's range,
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Fig. 1. The major stream drainage in eastern United States

(Goode, 1953) superimposed over the distribution of Betula ^nigra

(Koevenig, 1975).

although none of the quantitative systems proposed to

relate available moisture with plant distributions precisely

correlates with the western margin. The closest fit is

Thornthwaite's (1948) map of average annual water sur-

plus in the eastern United States (Fig. 2). If Dauben-
mire's (1956) criticism of all major systems expressing

available moisture is valid, then it is surprising that the

correlation is as close as it is and this can be considered

strong evidence for moisture as the major limiting factor
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Fig. 2. Thornthwaite's (1948) average 5 inch annual water sur-

plus plot superimposed over the distribution of Betula nigra (Koe-

venig, 1975).

for B. nigral western boundary. Most likely, the bottom

land bordering rivers to the west of B. nigra's western

boundary does not have sufficient moisture during the

entire growing season or at certain critical times to permit

survival of river birch seedlings.

The limiting factor for the northern limit of Betula

nigra might logically be temperature, insolation, or length

of growing season. However, there is no obvious relation-

ship between the northern boundary for B. nigra and any
single mapped climatic factor such as latitude (which

should be a cutoff line if insolation were limiting), average
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Fig. 3. Average number of days in the growing- season

1953) superimposed over the distribution of Betula nigra (K •

1975).

hours of daily sunshine, date of first killing frost in £ho

fall, date of last killing frost in the spring, length of grow-

ing season (Fig. 3), average summer temperature (Fig. I)

or extreme temperatures (Goode, 195o US Department

of Agriculture, 1965). This does not mean that these

factors do not play a role in determining B. nigra 1

* north-

ern limit, especially in specific areas. Daubenmire (1916)

questioned the value of considering extreme temperatures

in determining the control of plant distributions, ft is

more likely that combinations of factors are important.

In the case of B. nigra this is supported by some similar-
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Fig. 4. Average summer temperatures (Goode, 1953) superim-

posed over the distribution of Betula nigra (Koevenig, 1975).

ity between the northern boundary of B. nigra's range and
Livingston's temperature
which accounts for both temperature and moisture (Fig. 5).

The persistence of plants bordering the upper Mississippi

River and its tributaries, disjunct populations and culti-

vated plants beyond Livingston's (1916) index No. 6, or

the under 70°F mean summer temperature limit (Goode,

1953), or the under 150 day growing season (Goode, 1953)
suggests that some other factor (s) may be more impor-
tant.

Comparison of Betula nigra's distribution with various

geological and physiological factors reveals a close corre-
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Fig. 5. Livingston's (1916) physiological-temperature indices No.

6, 7, 20 and 21 superimposed over the distribution of Betula nigra

(Koevenig, 1975).

maj

limit corre-
lation with the southern limits c

(Koevenig, 1975). The northern

sponds almost exactly with the terminal moraine of the

Wisconsin glacier (US Geological Survey, 1959) except

around Chicago and Minne

According to Braun (1955)

and in New England,

termination of a plant's

common

midwest and this phenomenon

able attention (Braun, 1928, 1951, 1955; Deevey, 1949;

Denny, 1951; Fernald, 1925; Gleason, 1922; Raup, 1951).

Gleason (1922, p. 40) claims that the "distribution of

nlants . denends. in sreneral terms, on modern environ-



428 Rhodora [Vol. 78

ment and earlier developmental history. Both of these are

intimately concerned with migration, the latter factor por-

traying its progress and the former its limitation. Neither
factor alone can account completely and satisfactorily for

the present range of any species." Braun (1928, 1955)

offers several explanations for the termination of a spe-

cies' range near a glacial boundary. All assume that the

species evolved prior to the glacier. According to one
explanation, the plants occupied their present range before

or during the formation of the moraine, occupied it ever

since and are not expanding their range at present. Two
other explanations assume that when the glacier moved
south it forced the plant's range southward. As the glacier

migr
mer (1) either there has not

been enough time or (2) present climatic or edaphic con-

ditions in this region exclude them. Gleason (1922, p. 47)
proposed that the margin of a species' range "does not

always represent the boundary of the territory in which
the species can or will live under the present conditions,

but merely the distance it has traveled so far in its march
to this goal." Other possibilities not given by Braun or

Gleason are that the species are prevented from moving
into the moraine because of competition from plants better

adapted to conditions found there, or because of some
physiographic factor, or because of a combination of physi-

ological-ecological factors.

The genus Betula is circumboreal and it is assumed that
B. nigra, which is endemic to the United States, evolved
prior to the Wisconsin glacier (Stebbins, 1950). This spe-
cies is not considered a cold-climate plant and its northern
limit was probably forced south of the glacial margin.
When the glacier retreated, B. nigra migrated northward,
but either has not had time to move into the moraine or
else has been stopped there by a combination of factors.

Soil north of the moraine is younger and different in

composition from soil to the south. However, Betula nigra
occurs in bottom lands and flood nlains wherp Hiffprpnrp.«L
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between soil north and south of the glacial boundary are

minimal. Braun (1951, 1955) ruled out the exclusion of

plants from the moraine by edaphic conditions if the fac-

tors on both sides of the boundary are similar. Support

for this contention comes from my transplant experiments.

Seedlings and transplants both survived and grew in soil

north and south of the glacial boundary. It is possible that

soil differences might account for certain localized aspects

of B. nigra's distribution, but not for the determination of

the entire northern limit.

According to observations of Stephen G. Boyce in the

early 1950's (personal communication, 1973) river birch

streams

the pH was 5.5 or less. germma
com

a major factor. However, he did not feel his evidence was

conclusive. This hypothesis seems reasonable for that spe-

cific area, but not for the entire northern limit. Betula

nigra coexists with a variety of trees throughout its range

(primarily American elm, sycamore, sweet gum and black

willow in the south, cottonwood and silver maple in the

east, and cottonwood and willow in the north). The spe-

cies composition along any one stream is similar above

and below the glacial boundary, except that B. nigra is

absent north of the boundary. It does not appear that com
major limiting

ern limit, although competition cannot be entirely ruled

out. sim

there is no evidence that B. nigra readily hybridizes with

any other species (Clausen, 1966). Raup (1951) suggests

that present distributions of species cannot be understood

.simply by analyzing climatic, edaphic and biotic factors on

either side of the glacial boundary at a point in time, but

must be interpreted in the light of the history and inherit-

ance of the organisms in relation to the history of the soils

and land surfaces.

The Wisconsin glacier established the present drainage

pattern in the eastern half of the United States. Super-
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Fig. 6. The major stream drainage in the eastern United States

(Goode, 1953) and the extent of the Wisconsin glacial moraine

(U. S. Geological Survey, 1959) superimposed over the distribution

of Betula nigra (Koevenig, 1975).

imposing a map of the major river system in this area over

a map of the Wisconsin glacier and the distribution of

Betula nigra (Fig. 6) reveals a close fit, except for the

Illinois River, the Wabash River and their tributaries.

Deevey (1949) and Gleason (1922) proposed that river

drainages served as migration routes for organisms forced

southward by glaciers. This explains in part why the

northern range of B. nigra roughly fits the Wisconsin

glacial moraine boundary, but it does not explain why
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B. nigra has not migrated further up the rivers whose

moraine

Plant mi d/

vegetative propagules. Seeds are most impor

migr

determining the northern limit. Thus far, my field work

has not turned up any conclusive evidence of vegetative

reproduction, but has shown that large numbers of viable

seeds are produced. This is supported by Detwiler's (1916)

observation of 19,790 three-month-old seedlings growing on

a 6-foot square plot in a Mississippi River bottom land in

Wisconsin. Betula nigra flowers in the spring and seeds are

liately thereafter. The small seeds are enclosed

samaras which are borne in aments. The seeds (fruit)

> wind dispersed in late May or early June, depending

3n latitude and spring temperatures that year. This is

imme

same time

later. The samaras usually fall in the river, which carries

them downstream, or on moist soil deposited by the flood.

For example, Detwiler (1916) described great quantities

of B. nigra seeds carried by the water to points remote

from mi

m
3ut not upstream, an imp

>resent distribution patte

germinate well immed
This was noted

by Detwiler back in 1916. My preliminary experiments

giio-o-pcH- tliP hnild-iin of an inhibitor which can be removed

by water.

(46%) germi

germinati

persed. When another 50 seeds from the same sample

were tested 5 months later, none germinated. A tetra-

zolium chloride test on 20 additional seeds from that sam-

ple revealed that 15 (75%) were still viable. After seven

months, 3 of 50 seeds (67c) germinated when they were

soaked for 24 hr. and placed on moist filter paper, but when

the fruit walls and seed coats were removed from 50

additional seeds that had been soaked for 24 hr., 40 (80%)
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. mated. This suggested the presence of an inhibitor

'liner the fruit walls or seed coats. When the fruit

\ ; ; u id seed coats were removed from 50 more seeds and

; .: aqueous extract of fruit walls was added to the soaked

seed » filter paper, 27 (54%) germinated. Likewise, 27

>o c;eeds germinated when the fruit walls and seed coats

\ removed and an aqueous seed coat extract was added

I'm poaked seeds. determ

( hiJ.tu v of the inhibitor (s). Most likely the inhibitor (s)

m > removed by running water, but this has not yet

1 <• conclusively demonstrated. It is not known whether

lh( nhibitor(s) breaks down with time and whether the

eds remain viable from one year to the next when stored

unrif* various environmental conditions.

: h< existence of a seed germination inhibitor along with

i ning of seed production explains in part the northern

iisii ' iition of BetuJd nigra. The seeds are dispersed at

about; in- same time as the spring floods or slightly later

. ("i gei minate immediately if they are deposited on moist

t h Mos1 of the seeds are carried downstream. Migration

(-•t-.jo- is slow. Because the major drainage pattern in

no thern part of the United States was established by
!i<

N isronsin glacier, the streams drain away from the

; moraine to the south. Any northward migration of

< ra is dependent upon the timing of seed dispersal and

i:\u- spring floods. The farther north B. nigra occurs, the

ymhrony between these events. Colder tempera-
• delay flowering and seed set, yet the spring floods

» - 'u- s' ghtly earlier than they do farther south. Also, the

ii of the floods is less the farther north one goes and
hi fi< >od plains are smaller. Within the glacial moraine

)>ou
, ,,

.)•• the nature of the flood plain changes. Denny
1,4

I tudied this in Pennsylvania and claimed that flood

am are essentially absent in headwater areas in glaci-

. -regions. He attributed this to a deep congeliturbate

« -most no bedrock outcroppings so that rainwater

through the superficial deposits rather than on top.

. . i iRwilly, the waters in the headwaters of streams move

» *
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faster and would carry seeds downstream. This means

there is less moist

soil deposited upstream by spring floods. If germination

does not occur immediately after dissemination, an in-

hibitor accumulates and the seeds will not germinate until

there is enough water to remove the inhibitor or until the

inhibitor breaks down. If the inhibitor breaks down over

the winter and the seeds remain viable, then germination

could take place the next spring. However, if the floods

occur early, the temperatures might be too cold to permit

germination. If this hypothesis is correct then B. nigra

would be expected to spread rapidly in a local area where

it borders a pond or occurs in a permanently wet area. Ac-

cording to A. R. Hodgdon (personal communication, 1960)

this happened in New Hampshire over a thirty year period

when he observed the species. Betula nigra would be ex-

pected to survive north of the Wisconsin glacial moraine

when cultivated. There are reports of cultivated river birch

trees north of the moraine boundary (Fig. 6 and Koevenig,

1975). The reported disjunct populations of river birch

trees in Illinois, Michigan and northern Ohio may be cul-

tivated or escapes from cultivation. One of these popula-

tions is located on a north-draining stream. It will be

interesting to see if this population spreads downstream

(north).

The distribution of Betula nigra in Florida might be

explained as follows. Florida soils are mostly of marine

deposition, except in the northern part where B. nigra is

found. It is unlikely that these .soils are suitable for good

growth of B. nigra. Perhaps more important is that

Florida is mainly a region of low surplus moisture and

is subject to variation in precipitation, with most of the

rain occurring from June through September after the

seeds have set and been disseminated. Finally, many of

the rivers in Florida are not south-draining, so rapid dis-

semination to the south would not occur.

The spotty distribution of Betula nigra in New England

requires additional explanation. W. H. Camp (personal



434 Rhodora [Vol. 78

communication, 1959) proposed that the disjunct stands of
B. nigra are relicts from the post-Pleistocene xerothermic
period when a number of more southerly plants moved
north only to be left in small local areas as the "little ice

age" took place. Long- term observations are needed to
determine if these relict nonnla+.irms are snrpnrHno- nn fV.o

rivers.

moun
tainous regions (e.g., the Appalachians) is expected be-
cause of the lack of flood plains and the increased currents
which would sweep the seeds downstream.

mi
the effect of temperature, biotic factors and edaphic fac-
tors on seed germination and seedling growth is necessary
to shed additional light on the distribution of Betula nigra
and the flood-seed germination hypothesis.
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ADDITIONS TO SOME NOTES ON THE FLORA
OF THE SOUTHERN STATES, PARTICULARLY

ALABAMA AND MIDDLE TENNESSEE 1

Robert Kral

Some new or otherwise interesting geographic records

of vascular plants have been obtained through field work

in Alabama and the middle counties of Tennessee, during

1972 and 1973. Additional information comes through

other field trips and through records at the Herbarium of

Vanderbilt University.

Mos': of the synonyms listed in this study are from J. K.

Small, Manual of the Southeastern Flora (1933) ; some

other synonymy is also provided. Many of the records are

the result of checking my own collections against material

on deposit at Southern Methodist University. Complete

sets of these collections will be on deposit at the Herbarium,

Vanderbilt University, with duplicates distributed else-

where.

Costs of field work on which this paper is based were

met in part by a grant to this author by the National

Science Foundation (NSF GB-6688x), in part by a grant

from the University Research Council, Vanderbilt Uni-

versity, and in part by a stipend from Mr. Raymond Athey
of Paducah, Kentucky, an interested and diligent student

of the flora of the mid-south. These aids are hereby grate-

fully acknowledged.

In the preparation of a previous paper (Kral, 1973) I

failed to process materials donated to VDB by two excellent

field botanists, and therefore did not give proper credit to

them for their discoveries of the following species in Ala-

bama: Amsonia ciliata Shuttlw. geneva CO.: 8 mi s. of

Samson, abundant in Taxodium ascendens-Nyssa biflora-

Cyrilla swamp, 9 May 1967, S. McDaniel 8923. Monarda
clinopodia L. TUSCALOOSA CO. : ravine north of bridge over

North River, 9.35 mi. along rte. 82, 11 Jun. 1970, R. W.

deceived for publication March 20, 1974.

438
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Simmers 1968. Valerianella paucifiora Michx. MADISON
CO. : bottomland near bridge, e.n.e. New Market in Long
Cove Quad, 29 Apr. 1971, R. W. Simmers 2296.

my
Alabama

given. My failure to do this is poor repayment
me specimens

Marsilea vestita Hook & Grev.

ALABAMA, mobile co. : abundant escape in sandy lots,

s. side of old Mobile in negro district ca. 0.5 mi. so. Gov-
ernment Blvd.; forming solid patches along old sidewalks
and drives, 2 Jun. 1972, Krai 47120.

This pepperwort was stated by Small (1938) to be in-

troduced in central peninsular Florida. It occurs naturally

in Texas to British Columbia and Kansas, and in Mexico.
The Mobile population appears definitelv to hp an earane

om
same

it out by 1973. The plants were thriving on quite dry
situations, producing an abundance of sporocarps. Dry
conditions appear to be necessary for its good growth in

the Vanderbilt greenhouse.

Festuca dertonensis (All.) Aschers & Graebn.
ALABAMA, pickens co. : sandy roadbanks, by Ala. 17,

2 mi. n. Aliceville, 28 May 1972, Krai 46788.
This fescue, an adventive from Europe, has been found

in the northeastern and southwestern United States, with
some new stations having been reported from Louisiana,
Virginia, and Florida. There is no prior record of it from

ama

Eragrostis intermedia Hitchc.

ALABAMA. SUMTER CO.: chalk bluffs, clearing above
Tombigb Ki
The Plains Lovegrass is essentially a plant of dry prai-

ries in the southwest. According to Hitchcock (1950), it-

it for Alabama.
record
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Chloris virgata Swartz

ALABAMA, mobile CO.: sandy dock loading area by

Mobile Bay, south side of Mobile, 10 Oct. 1972, Krai 49078.

Hitchcock (1950) reports this essentially western United

States weed has been sparingly introduced eastward (Flor-

ida to North Carolina in the southeast). This appears to

be a first record for Alabama.

Sporobolus neglectus Nash
ALABAMA. Dallas CO. : chalk hills just n. of old Cahba,

s.w. of Selma, 6 Oct. 1972, Krai 48826.

Probably an extension southward from Tennessee of this

southwestern, midwestern and northern weed.

Gymnopogon chapmanianus Hitchc.

GEORGIA. CHARLTON CO. : sandy, logged slash pineland

5 mi. n. MacClenny on Ga. 185, 13 Sept. 1973, Krai 51634.

Seemingly a first record for Georgia of this species

known from sandy pinelands in Florida.

Phalaris arundinacea L.

TENNESSEE, obion CO.: big tufts at edge of sunny

slough by Tenn 22 at east side of Union City, 18 Jun. Krai

47356.

Indicated as "introduced but not cultivated" for Tennes-

see by Sharp et al. (1960). Not listed for Tennessee by

Hitchcock and Chase. This population is fairly large, and

appears to be effectively naturalizing.

Panicum helleri Nash
ALABAMA, franklin CO. : disturbed limestone glade

ca. 2 mi. n. Russellville, 17 May 1968, Krai 30591. GREENE
CO. : chalk prairie by county 19, ca. 4.6 mi. s.e. Boligee, 18

May 1973, Krai 50077.

Presumably a first record for this essentially south-

western panic-grass. This and Panicum scnbnerianuni

Nash, a more wide-spread species, are extremely close

taxonomically, may actually be the same. In any case,

neither has been reported for Alabama.
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Setaria sphacelata (Schum.) Stapf. & C. E. Hubb.

ALABAMA, mobile CO.: sandy dock landing area by

Mobile Bay, s. side of Mobile, 10 Oct. 1972, Krai 49077.

An African introduction which according to Hitchcock

and Chase has escaped cultivation in California (Stanislaus

and Kern counties). This appears to be a first record for

it in the southeastern United States. It appears to be

spreading onto sandy lots in the city of Mobile, in that I

have seen it in additional localities there in 1973. A de-

scription of a very similar plant is given by Mohr (1901)

letochloa gracilis (H.B.K.) Scribn. &
Merrill, based on collections by Mohr in Mobile. This last

of Setaria geniculata (Lam.) Beauv.,

which might be an indication of a nomenclatural problem

yet to be resolved. My own specimens agree with Cali-

fornian material of S. sphacelata deposited at the Herbar-

name

is in the synonymy

ium, smu.

mohrii (Hack.) Hack

FLORIDA, franklin CO.: sandy peat of pineland sa-

vanna by Fla. 65, 18.6 mi. s. Sumatra, 13 Oct. 1973, Krai

52387.

This constitutes a first report for this grass for Florida

;

presumably it is an extension southward from the pine bar-

rens of Alabama or Georgia.

Heteropogon contortus (L.) Beauv. ex R. & S.

FLORIDA, martin CO. : sandy slash pine lot and road-

bank near Stuart Police Dept. grounds, Stuart, 21 Jan.

1972, Krai 45071.

This perennial weed has been reported by Hitchcock

from the southwestern United States. It is a frequent

America This

is a first record of it for the southeastern United States.

Dichromena colorata (L.) Hitchc.

ALABAMA, shelby CO.: ca. 1 mi. s. Harpersville

Ala 9.Fi' wpt nnen swalf» bv creek. 11 Auor. 1973. Krai 51"
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mi

1973)

limestone, 13 Jul. 1972, Krai 47686.

reported for an inland station in Alabama
these stations are so much farther inland

Appalachians as to merit mention here. Mohr long ago

indicated its occurrence as far inland as Scottsboro.

Carex aestivalis M. A. Curtis

ALABAMA, jackson CO.: sandy woods, s.w. facing

slope of mountain by Ala. 146, s. of Estill Fork, 14 Apr.

1973, Krai 49566.

An extension southward from Tennessee.

Carex eburna Boott

ALABAMA, bibb CO.: shelves of steep limestone bluff

on Cahaba River near Pratts Ferry, R. M. Harper 3552 ; on

limestone bluff over Cahaba River at site of former Pratts

Ferry, near route 27 bridge, 17 Apr. 1973, J. A. Churchill

73-4170.

This slender, caespitose Carex has been thought previ-

ously to extend southward only to Virginia, Tennessee,

Missouri and Nebraska. The Pratts Ferry locality repre-

sents a sizeable extension southward.

Carex gracilescens Steud.

C. laxiflora Lam. var. gracillima (Boott) Robins. & Fern.

ALABAMA. Marshall CO. : Bucks Pocket State Park;

sandrock slopes of ravine along trail to boat landing &
picnic area by reservoir, 15 Apr. 1973, Krai 49630.

Dr. McDaniel has informed me of still further (and

older) records for this species in Alabama : GREENE CO.

:

wooded ravine just north of Knoxville, 20 Mr. 1938, Harper
3620 (US) ; LAUDERDALE CO. : near top of rocky bluff facing

north, on Indian Camp Creek, ca. 4 mi. south of Pruitton,

13 Apr. 1935, Harper 3327 (us) ; madison CO.: calcareous

rather open woods on west slope of Pantherknob, on east-

ern spur of Monte Sano, 24 Apr. 1940, Harper 3782 (MO,
• US)

.
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micr

ALABAMA, clark CO.: calcareous glade by US 84, 3.6

mi. w. Gosport, 31 May 1972, Krai 47027. HALE CO. :
prairie

remnant by Ala. 69, 1.8 mi. s. Greensboro, 29 May 1972,

Krai 46845.

Further county records for this sedge of the western

grasslands reported as new for Alabama in my previous

article (1973).

Carex pedunculata Muhl.

ALABAMA, jackson CO. : north facing, essentially cal-

careous bluff above Estill Creek, north of Estill Fork near

where gravel road fords creek, 14 Apr. 1973, Krai 49546.

This distinctive carex, hitherto not reported for Ala-

bama, represents a considerable range extension south-

ward for a species said by Gleason (1952) to be of rich

Minnesota

West

to be "abundant in the Great Lakes Region".

Carex prasina Wahl.

ALABAMA. Colbert CO.: shaded creekbanks, in shal-

low water on Bear Creek Ranch, s.w. side Littleville, 27

May 1972, Krai 46736.

A distinctive member of the sect. Gracillimae, hitherto

not reported for Alabama, and probably an extension

southward from middle Tennessee where it is not rare

along streams of eool, steep-sided ravines.

4

Carex Dumurifera Mackenzie

'.flora Lam. var. purpurifera (Mackenzie) Gl.

ALABAMA mi

Huntland by Ala. 65, 28 Apr. 1972, Krai 45790. MADISON

CO. : north facing slope south of Rocky Branch, King Cove

Quadrangle area, 9 Apr. 1971, R. W. Simmers 2209; 29

Apr. 1971, R. W. Simmers 2278.

An extension southward from Tennessee for this carex,

which is perhaps doubtfully distinguished from C. graci-
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lescens Steud. The latter has shorter perigyna and nar-

rower pistillate bracts, but otherwise seems much the same.

Dr. McDaniel informs me that he has seen earlier records

for Alabama, namely Marshall co. : among limestone rocks

in rich woods around sink in Fletchers Hollow, west of

Grant, 19 Apr. 1935, Harper 3345 (us)

.

Lachnocaulon anceps (Walt.) Morong
TENNESSEE. Cumberland co. : open, sphagnous,

boggy bottom by Interstate 40, 3 mi. e. jet. US 127, the

Crossville exit, 2 Aug. 1973, R. & G. Krai 50961.

An extension northward from Alabama for this essen-

tially coastal plain genus. This species, together with

Eriocaulon decangulare L. is occasional in acid seeps in

northeastern Alabama.

Juncus brachycephalus (Engelm.) Buch.

GEORGIA. GORDON CO.: 14 mi. s. Chatsworth by US
411 ; sunny seep, 8 Sept. 1973, Krai 51520.

A first report for Georgia for this rush which, accord-

ing to Gleason (vol. 1, p. 396, 1952) is found "in wet
meadows and sandy shores, Me. to n. Ont. and Minn., s. to

Pa., O., and Ind." It was recently reported for Tennessee

by Krai (1973).

Pleea tenuifolia Michx.

ALABAMA. Baldwin CO.: longleaf pineland bog ca. 2

mi Krai

A first published report for this species for Alabama,
and probably an extension from nearby Florida. First

found in this locality by Dr. S. McDaniel (3 mi. west of

Seminole, common in Sarracenia boc. McDaniel 3916k

Lilium regale Wils.

ALABAMA. LAMAR CO. : by Ala. 17, in gravelly roadside

and scattered through adjacent oak-pineland, 3.9 mi. s.

Hamilton, 16 Aug. 1973, Krai 51377.

An evident escape from cultivation, but so successfully

spreading as to deserve mention here. The narrowly fun-
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nelform, large perianths are horizontal to somewhat nod-

ding on the pedicels and toward dusk (which was when I

collected vouchers) emit an extremely heavy, sweet fra-

grance.

Arabis hirsuta (L.) Scop.

TENNESSEE. Rutherford CO.: cut-over cedar woods

limestone fflades by Interstate 24, 13 mi
Ki

jet. US 231, the Murphreesboro exit, :

49729.

A first record for Tennessee for this rock-cress. In

character of trichomes (which are sparse) it appears

closest to the var. adpressipilis (Hopkins) Rollins. The

more will be found

mi

mum capitatum

E. arkansanum Nutt.

TENNESSEE, putnam CO. : limestone bluffs above the

Caney Fork River by Interstate 40, 9 mi. e. jet. Tenn. 53

(the Gordonsville-Carthage exit), 27 Apr. 1973, Krai

49699.

A first record for Tennessee, and a fairly wide disjunc-

tion either eastward from Missouri or southward from

southern Illinois. A very handsome plant, the flowers de-

liriously fragrant, the petals a deep orange-red.

Potentilla intermedia L.

TENNESSEE. Davidson CO. : cindery sands of railroad

yards, downtown Nashville, 30 Aug. 1973, Krai 51491.

An introduced weed from Europe with scattered local-

ities from Quebec southward to Michigan and Virginia.

A first record for Tennessee.

Trifolium vesciculosum Sari

ALABAMA, pike co. : highway shoulder of US 231, n.w.

side of Troy above Conecuh River bottoms, 6 Jun. 1972,

Krai 47355. butler CO.: north side Greenville; sandy

highway shoulders, 19 May 1973, Krai 50171. shelby CO.

:
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just e. of Bibb Co. line, e. of Green Pond and Turner;

sandy road shoulders, 21 May 1973, Krai 50295. WILCOX
CO. : by Ala. 10, road embankment ca. 2 mi. e. Ala. 5, and

w. of Camden, 8 Jun. 1973, Krai 50442.

Already reported by Krai (1973) for Alabama, but these

localities are added to indicate the success of this species

as a new weed of roadsides in the state.

Dalea alopecuroides Willd.

TENNESSEE. Humphries co. : sandy roadbank and
adjacent fields, Tennessee Ridge road, south end, ca. 9 mi.

n. of Waverly, 6 Sept. 1972, Krai 48361.

Mahler (1970) excludes this species from the Tennessee

Flora, indicating that the Gattinger (1901) report of its

abundance in western Tennessee was possibly in error.

While this writer has seen but one population, it was a

large one extending for at least two miles along the road
and in adjacent fields, and therefore there is some indica-

tion that the species might naturalize successfully on a

local scale.
*

s l

Anoda cristata (L.) Schlecht.

TENNESSEE. Stewart co. : just s.e. Dover on silty

sandy backwater shores of Lake Braklev. 4 Oct. 1973. Krai

An extension of known range southward from Kentucky.
According to Gleason (1952) this weed of the southwestern
states, Central America and South America is reported as

a waif around woolen mills in the east, also in Missouri
and Iowa. This is a first record for Tennessee.

Hibiscus coccineus Walt.

ALABAMA. Covington CO.: sandy banks and shallows
of Open Pond, Blue Springs Game Mgmt. area, Conecuh
National Forest, s.w. Andalusia, 17 Jul. 1970, Krai 40079.

This bright-red flowered Hibiscus, frequently cultivated,

has been known in the wild in the United States only from
peninsular Florida, according to Duane Wise, monographer
of the genus. The plants of the Alabama locality were
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growing mostly in the shoals of a natural, limesink pond,

this at a considerable distance from any evident habitation.

Ludwigia polycarpa Short & Peter

Isnardia polycarpa Kuntze

ALABAMA, covington CO.: very abundant, but one

stand only, in peaty ditch, pine flatwoods, beside county

42, 15 mi. e. Brooklyn, 1 Sept. 1970, Krai 40992.

A first report for Alabama of this species, hitherto

known from Massachusetts and Connecticut, Ontario to

Tennessee and Kansas.

Oenothera grandiflora Ait.

TENNESSEE, marion CO.: by Interstate 24E, just 1

bloom

mi. s.s.e. Monteagle; rocky bluffs above hignway, 10 Jul.

1972, Krai 41551.

This population, spectacular when in

the large pale yellow corollas, is a first definite record for

Tennessee of a species known in the wild only from the

Mobile delta country of Alabama. The Tennessee specimens

fit the type description perfectly having sepal lobes well

over 3 cm long, filiform-tipped, and the corollas when

pressed fully 9-10 cm broad.

Oenothera heterophylla Spach

Rekmannia heterophylla (Spach) Rose

ALABAMA. GREENE CO.: sandy railroad right of way,

bottoms of Tombigbee River, just n. of US 11 crossing

north of Epes and s. of Bolegee, 18 May 1973, Krai 50093.

PICKENS CO.: sandy borrow pit by Ala. 17, ca. 4 mi. s.

Aliceville, 3 May 1972, Krai 46243. sumter CO.: sandy

mi. s. Dancy, 3 May 1972, Krai 46386.

The large size of the petals of the Alabama plants to-

gether with the comparatively long sepal tips, definitely

distinguish them from Oe. rhombipetala which has been

reported adventive to the east, and which is perhaps to be

looked for in Alabama. According to Munz (1965) this

species has been known, prior to the Alabama finds, only

from eastern Texas and Calcasieu Parish, Louisiana.
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Cornus purpusi Koehne
TENNESSEE. Humphries co. : shrub of gravelly bot-

toms of Richland Creek ca. 7 mi. n.e. Waverly, 6 Sept.

1972, Krai 48363.

Another middle Tennessee record for this shrub re-

ported as new for Tennessee by Krai (1973).

Perideridia americana (Nutt.) Reichenb.

Eulophus americanus Nutt. ex DC.
ALABAMA. Colbert co. : mesic woods by small lime-

stone outcrop by Natchez Trace Parkway, ca. 5.5 mi. s.w.

Colbert Park, 26 May, 1972, Krai 46666.

A species that appears to frequent limestone outcrop
areas, mostly in the plains states and Ozarks, very rare in

middle Tennessee, and now reported from this northwest-
ern county of Alabama.

Lysimachia quad ri flora Sims
Steironema quadriflorum (Sims) Hitchc.

ALABAMA, jefferson co. : south side of Leeds; wet
limestone barren by Ala. 119, 13 Jul. 1972, Krai 47671.

US
Krai

Additional county information on this species, recently

reported as new for Alabama (Krai, 1973).

Eustoma exaltatum (L.) Griseb.

ALABAMA, mobile CO. : south side Mobile, in docks
area on moist sands just n. of n. boundary of old Air Force

Krai 51^

Alabama
hitherto from
the coasts of Florida and Texas. This population consisted
of many hundreds of individuals. It has also been collected

from Louisiana and Mississippi in recent years.

Sabatia grandiflora (A. Gray) Small

ALABAMA. Houston CO.: edge of limesink pond by
county 4, ca. 5 mi. w.n.w. Chattahoochee State Park en-

trance, 8 Oct. 1972, Krai 48950.
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Dr. Wilbur (1955) reports this species for peninsular

Florida and western Cuba. However, since his revision

was published, the species has been found to be quite fre-

quent in the Florida panhandle, and the above collection

now adds Alabama to its rancre.

Ipomoea cairica (L.) Sweet

ALABAMA, mobile CO. : sandy area by boat docks along

bay, edge of negro sector and s. of Government Street,

2 Jun. 1972, Krai 47114.

This native of Africa is reported in Small as only from

Florida for the United States. The corolla limb is a pale

lavender, this grading into an almost white throat and

tube.

Blephilia hirsuta (Pursh) Benth.

ALABAMA, jackson CO.: abundant on sunny moist

bluffs above creek, ca. 9.2 mi. s. Huntland, 11 Jul. 1972,

Krai 47574.

While Blephilia ciliata ranges widely through the south-

east, this species appears to be confined to the mountain
districts in the south. I know of no other records for it in

Alabama.

Stachys agraria Cham. & Schlecht.

ALABAMA. MONTGOMERY CO.: sandy low rise in low

pasture by Loop bypass, s. side Montgomery, 1 May 1972,

Krai 46142.

Small (1933) reports this as introduced into the coastal

plain of Alabama, with a main range extending from

Louisiana into Texas. This locality adds to the limited

information about the species in Alabama.

Synandra hispidula (Michx.) Britt.

Synandra grandiflora Nutt.

ALABAMA, jackson co. : locally abundant in rocky

wet ravine above Ala. 65, 9 mi. s. Huntland, 28 Apr. 1972,

Krai 45795.



450 Rhodora [Vol. 78

' This showy mint, hitherto not reported for Alabama, is

stated in Small (1933) as being in the Interior Low Pla-

teau and adjacent provinces, Tennessee to Illinois, Ohio

and Virginia.

Agalinis heterophylla Small

Gerardia heterophylla Nutt.

ALABAMA, marengo CO.: chalk glades, w. side De-

mopclis by US 80, 6 Oct. 1972, Krai 48870. green CO.:

prairie remnant, 7.4 mi. n.n.e. Prairieville by Ala 69, 20

Sept. 1971, Krai 44454. hale CO. : chalk prairie by US 80,

0.5 mi. w. Prairieville, 6 Oct. 1972, Krai 48858; prairie

remnant by county 61, ca. 8.5 mi. n. Uniontown, 6 Oct.

1972, Krai 48854. SUMTER CO.: chalk prairie, by Ala. 17,

8.7 mi. s. Dancy, 5 Oct. 1972, Krai 48777.

The Prairie Agalinis, according to Correll & Johnston

(1970) is supposed to range from Missouri and Oklahoma

to Louisiana and Texas. My records, therefore, constitute

a first report for Alabama, an easternmost disjunction.

Superficially it resembles Agalinis purpurea, but is coarser,

stiffer, with broader leaves and quite elongate calyx lobes.

Penstemon multiflorus Chapm.

ALABAMA. Baldwin CO.: sandy longleaf pineland,

clearing by highway, Seminole, 10 Jun. 1973, Krai 50478.

COVINGTON CO. : sandy bank by county 4, ca. 8 mi. w. Flor-

ala, 8 Jun. 1969, Krai 35164.

This species is easily distinguished by its pouch-like

anthers which dehisce by short proximal slits, and by its

relatively long inflorescence branches. According to Small

(1933) its range is confined to Florida and south Georgia.

Galium parisiense L.

ALABAMA, sumter CO.: north side of Epes by US 11

crossing of Tombigbee River; exposed chalk bluff area, 18

May 1973, Krai 50109.

To my knowledge a first record for Alabama of this

European weed, which is locally abundant in the limestone

glades of middle Tennessee.
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Galium virgatum Nutt.

ALABAMA, franklin CO.: limestone glades at Isbell,

27 May 1972, Krai 46768. Sumter CO. : 7 mi. n. Livingston;

chalk prairie by US 11, 18 May 1973, Krai 50115.

This bedstraw of calcareous Ozarkian areas, locally

abundant in the limestone barrens of middle Tennessee, has

not been reported previously for Alabama.

Dyschoriste oblongifolia (Michx.) 0. Kuntze

Ruellia oblongifolia Michx.

ALABAMA, henry CO.: longleaf pine sandhills 3.6

n.n.e. Abbeville beside county 46, 2 May 1972, R. Kraimi
46213. HOUSTON CO. : sandy edge of field in longleaf pine-

mi. w. Columbia by Ala. 52, 2 May 1972, R. Ki

46182.

om
Florida north to coastal plain South Carolina (possibly in

southeastern Virginia), has been reported for Alabama by

Kobusxi (1928) on the basis of a Buckley record which

lacks date and locality. A specimen of it collected by Mohr

from the Mobile area is in the Mohr herbarium, but is

identified as a Ruellia and was not cited by him in his

Flora. Alabama

in current manual treatments, these collections give it

p-prminp> status for the Alabama flora.

Ruellia brittoniana Leonard

GEORGIA, grady CO.: banks of ditch, north side of

Cairo, 8 Aug. 1972, Krai 47962.

This handsome species, erroneously treated by Small

(1933) as Ruellia malacosperma Greenm., hitherto has

been known only from the lower coastal plain from Florida

into Texas.

Walt

ALABAMA. HOUSTON CO.: edge of limesink pond by

county 4, ca. 5 mi. w.n.w. Chattahoochee State Park en-

trance. 8 Oct. 1972. Krai 48948.
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This species, not previously reported for Alabama, is

cited by McVaugh (1936) from wetlands in pines, Florida

to southern Virginia, with doubtful records from Missis-

sippi and Texas. -
.

Valerianella dentata (L.) Poll

TENNESSEE. TROUSDALE CO. : north banks of Cumber-
land River by Tenn. 141 0.5 mi. s. Hartsville; pastured
limestone bluff area, common, 4 May 1973, Krai 49797.

This species has been reported previously from Alabama
(GREENE CO.: Eutaw, R. Harper 3148. CLARKE CO.: W.
Duncan) and Tennessee (DAVIDSON CO.: Una J. Cibulka

130) by Dr. Donna Ware (1969), but was excluded by her

in her treatment of Valerianella in North America because

of uncertain establishment of this waif. However, the

Trousdale locality has the species in abundance and it

should be looked for in similar localities in Alabama and
Tennessee. Valerianella dentata differs from other valeri-

anellas of the area in its narrower leaves, in its irregular,

ovate, toothlike prolongation of the calyx, and in its strigil-

lose carpel bodies, the hairs of which are incurved. The
corollas have tube and throat narrowly funnelform, and
ranee from Dale lavender to nink

Elephantopus spicatus Juss. ex Aubl.

Pseudolephantopus spicatus (Juss.) Rohr

FLORIDA. MARTIN CO. : weed of Owen's Grove, Indian-

town; sandy ground in orange grove and in hammock
edges, 22 Jan. 1972, Krai 45089; 19 Jan. 1973, Krai 49264.

Dr. Sidney McDaniel and Dr. Jerry Clonts of Mississippi

State University have kindly informed me that this is not

a first report for the United States, the species having been

collected in and reported for south Florida by Dr. S. F.

Blake (1948). It is, however, not reported by Drs. Long
and Lakela in their current Flora of Tropical Florida

(1971) ; this new locality for it is cited merely to verify

the continued presence of the species in Florida.
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Eupatorium leptophyllum DC.

ALABAMA, Covington CO.: Blue Pond, Blue Springs

Game Mgmt. area, Conecuh Nat. Forest s.w. Andalusia,

3 Oct. 1971, Krai 44742; HOUSTON CO.: edge of limesink

pond by county 4, ca. 5 mi. w.n.w. Chattahoochee State

Park entrance, 8 Oct. 1972, Krai 48952.

Dr. R. K. Godfrey, current monographer of Eupatorium

for North America has indicated to me that, whilst Small

(1933) indicated the range of E. leptophyllum as extending

from Florida to Mississippi and South Carolina, he had no

record of its occurrence in Alabama. Mohr cited it as being

of rather general distribution in lower coastal plain Ala-

bama, but this might involve some error in identification

since the species appears more confined to the limited rash

of limestone "solution" ponds in south Alabama.

Liatris cylindracea Michx.

ALABAMA, bibb CO.: ca. 5 mi. n. Centerville by jet.

Ala. 219 and Ala. 5; calcareous rocky clearing in longleaf

pineland, 8 Oct. 1973, Krai 52262.

Gaiser (1946) reports this species as occurring from
southern Ontario and western New York westward to

Minnesota and Missouri, so this find is a significant dis-

junction. The species is unmistakable, combining a plu-

mose pappus with a cymose-racemose inflorescence and

closely appressed rounded phyllaries.

Heterotheca latifolia Buckley

TENNESSEE. DAVIDSON CO. : cindery sands of railroad

yards, downtown Nashville, 30 Aug. 1973, Krai 51501.

Shelby CO. : stabilized sandy areas on Presidents Island,

P.O. Memphis, 25 Oct. 1952, Demaree 33188.

The range of this camphor-weed appears to be rapidly

expanding in the mid-south. In the southeastern and Gulf

coastal plain it is becoming one of the most abundant

weeds of sandy old fields and along roadsides. The two
above-cited collections verify its presence as a weed in

middle and western Tennessee.
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iterotheca pilosa (Nutt.) Shinners

Chrysopsis pilosa Nutt. (not C. pilosa (Walt.) Britt.)

TENNESSEE. Lawrence co. : sandy clay field ca. 5 mi

s.s.w. Summertown, 14 Sept. 1972. Krai 48412.

A first report for Tennessee for this tall, annual cam-

phor-weed. Sharp et al. (1960) report Chrysopsis pilosa

(Walt.) Britton from several counties in Tennessee, but

this report is based on a species whose actual name is

Heterotheca camporum (Greene) Shinners, our commonest

weedy perennial camphor-weed. The actual H. pilosa is

most abundant west of the Mississippi River in sandy open

nlaces from Missouri south to Louisiana and Texas.

Ambrosia bidentata Michx.

TENNESSEE. Lawrence CO.: gravelly pasture off US
43, just s. of Summertown, 27 Jul. 1972, Krai 47819.

An additional record for this species in Tennessee (see

Krai, 1973, p. 407). Its spread in the state appears assured.

Rudbeckia mollis Ell.

ALABAMA. HOUSTON CO. : north side of Dothan ; sandy

edge of oak-pine hammock, 12 Aug. 1973, Krai 51183.

An additional county record in Alabama for this Rud-

beckia which before was known only from Florida and

Georgia (see Krai, 1973, p. 407).

Dyssodia aurea (Gray) A. Nels.

Hymenatherum aureum (Gray) Gray
ALABAMA, mobile CO.: dry sandy area of Mobile

docks, just north of north boundary of old Air Force Base,

15 Aug. 1973, Krai 51347.

In regard to pappus character my specimens are inter-

mediate between the var. aurea and var. polychaeta (Gray)

M. C. Johnston as they are described by Dr. Strother

(1969). This is a first report for Alabama for this plant

of the high plains of the western United States and north-

ern Mexico. The Mobile population covers at least an acre,

the locality being shared by Helenium amanim and Eus-

toma exaltata. 4-.
I

7 *
. K
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Lactuca saligna L.

ALABAMA, limestone CO. : calcareous banks of Inter-

state 65, 0.5 mi. n. Holland Gin, 26 Sept. 1972, Krai 48563.

MORGAN CO. : gravelly highway shoulder by backwater bot-

of Flint Creek, Lacon, 8 Oct. 1973. Krai 52280.

A first report for Alabama, the species is probably mov-

ing southward from Tennessee in the limestone districts

where it abounds. A native of Europe.

torn
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IN THE OF THE
SOUTHEASTERN UNITED STATES

II. THALICTRUM 1. 2

C. S. Keener

While completing a treatment of the Ranunculaceae for

the forthcoming Vascular Flora of the Southeastern United

States, certain nomenclatural and taxonomic decisions had

to be made which call for additional clarification. This

treatment of Thalictrum is conservative in that I follow

a species concept allowing for considerable intraspecific

population variability. Unless populations show discrete

mor
com

varieties, etc. Furthermore, unless breeding studies suggest

intraspecific relationships, I prefer to recognize morpho-

logically defined species. The aim throughout is to provide

a rationale for certain taxonomic and nomenclatural con-

clusions, plus a key to the species and their distribution

within the southeastern United States.

As a genus, Thalictrum can be distinguished from other

Ranunculaceae by its alternate, ternately compound or

decompound leaves, actinomorphic apetalous bisexual or

unisexual flowers with numerous well-developed stamen

filaments and non-plumose achenes crowded on small re-

ceptacles. Although 120 species of Thalictrum have been

described for the world (Buchheim, 1964), I am recog-

nizing only 14 species within the southeastern United

States, an area bounded by and including Louisiana, Ar-

kansas, Kentucky, West Virginia, Maryland, and Delaware.

1Based on a manuscript and notes compiled for the forthcoming

Vascular Flora of the Southeastern United States. In general, the

format follows Radford et al. (1967). Any suggestions relating to

this treatment should be sent to me so that necessary corrections and

Vascular

Biology

ania

457
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Table I.

Chromosome Numbers of the Species of Thalictrum

in the Southeastern United States

Species

T. arkansanum

T. clavatum

T. cooleyi

T. coriaceum

T. dasycarpum

T. debile

T. dioicum

T. macrostyhim

T. mirabile

T. pubescens

( T. polygamum)

T. revolutum

T. subrotundum

T. steeleanum

T. thalictroides

(

Anemonella

thalictroides)

Chromosome
Number

n

2n
n

2n

n
2n

2n

n
2n

2n

2n

2n
T. anemonoides , 2n

2n

7

70

70

14

42

42

42

84

14

14

42

Reference

Jensen (1944)

Gregory (1941)

Jensen (1944)

ca. 100 Zhukova (1961), cited

in Cave (1962)

Zhukova (1967), cited

inOrnduff (1969)

Jensen (1944)

Kuhn (1928), cited

in Gregory (1941)

Zhukova (1967), cited

inOrnduff (1969)

Jensen (1942)

Love & Love (1966),

cited in Ornduff

(1968)

Gregory (1941)154

ca. 133 Gregory (1941)

Gregory (1941)

Sorokin (1929)

Kuhn (1928), cited

in Gregory (1944)
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Even though Thalictrum has been treated by Lecoyer

(1885), Trelease (1886), Gray (1895), Davis (1900), and

most recently by Boivin (1944), the species in eastern

North America still need a thorough study from a modern

biosystematics standpoint. This is especially the case for

the T. debile complex, T. pubescens, T. dasycarpum, T.

and the T. macrostylum complex. Although

d Mulcahy (1971) studied pollination and floral

sexuality in selected species, I know of no recent popula-

tion-based biosystematic studies of any species of Thalic-

trum in eastern North America. Furthermore, chromosome

counts for seven species are needed, and several other spe-

zvolutum, T. pubescens, T. dasycarpum) should

be reassessed (Table I).

laceum

cies

KEY TO SPECIES

1. Inflorescence umbelliform; plants usually less than

2 (-3) dm tall 1- T. thalictroides .

1. Inflorescence paniculate; plants usually more than 2 dm

tall.

2. Flowers perfect ; sepals 5 ; fruits long-stipitate, flat,

with a minute stigma.

- 3. Dorsal margin of mature fruits concave, up to

twice the stipe in length ; filaments usually more

than 3 mm long 2. T. clavatum.

3. Dorsal margin of mature fruits straight, about
t

equalling the stipe in length; filaments usually

less than 3 mm long 3. T. mirabile.

2. Flowers imperfect, rarely perfect; sepals 4 (-6);

fruits sessile or short-stipitate, plump, tipped by a

long stigmatose style.

4. Leaflets 3 (or more)-lobed apically, the lobes

often crenate; filaments colored, filiform; plants

dioecious, rarely polygamous.
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5. Achenes sessile; upper cauline leaves often

long-petioled ;
plants flowering in early

spring.

6. Plants erect, usually over 3 dm tall ; roots

fibrous; largest leaflets over 15 mm wide.

4. T. dioicum*

• •••#••-•»*••

6. Plants lax, usually less than 3 dm tall;

roots tuberous; largest leaflets less than

15 mm wide.

7. Mature fruits elliptic-lanceolate, 0.7-

1.2 mm broad; sepals usually 1-2 mm
long 5. T. debile.

7. Mature fruits ellipsoid, 1.5-2 mm
broad; sepals usually 1-3 mm long. . .

. . 6. T. arkansanum.

5. Achenes stipitate, the stipes wing-angled;

upper cauline leaves sessile or subsessile;

plants normally flowering in early summer.

8. Plants caudiciferous, but not rhizomatous

;

terminal leaflets mostly longer than wide;

anthers 2-3.5 mm long. . . 7. T. coriaceam*

8. Plants rhizomatous; terminal leaflets.

mostly shorter than wide; anthers 3.2-5

mm long 8. T. steeleanum.

4. Leaflets entire or 3-lobed apically, the lobes en-

tire (rarely crenate) ; filaments usually white,

often more or less clavate
;
plants usually polyga-

mous or polygamodioecious.

9. Leaflets usually stipitate-glandular beneath

(or occasionally muricate or whitened papil-

lose, rarely pubescent otherwise), coriaceous

with strongly revolute margins ; achenes more
or less sessile, often stipitate-glandular;

anthers 1.8-2.8 mm long. . . 9. T. revolutum.

9. Leaflets glabrous or pubescent beneath, their

texture and margins various; achenes short-

stipitate to sessile, glabrous to pubescent;

anthers either 0.5-1.5 or 1.5-3.5 mm long.
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10. Leaflets narrowly lanceolate to oblanceo-

late, 5-10 times longer than wide

10. T. cooleiji.

10. Leaflets suborbicular to obovate, usually

less than 2 times longer than wide.

11. Leaflets usually entire or occasion-

ally 3-lobed apically, glabrous be-

neath, the largest usually less than

15 mm wide; sepals 1-2 mm long.

12. Plants rigid, erect; leaves usu-

ally coriaceous, greyish to

brownish or yellowish green,

usually prominently reticulate

beneath; filaments rigid, usu-

ally distinctly clavate

macrostylum

12. Plants lax, reclining; leaves

usually thin, membranous,

greenish, not prominently re-

ticulate beneath; filaments flex-

uous, scarcely clavate

12. T. subrotundum.

11. Leaflets 3-lobed apically, usually pu-

bescent beneath, the largest 15-40

mm or more wide; sepals 2-5 mm
long.

13. Stigmas about 1/2 length of the

achene body; filaments rigid,

ascending, strongly clavate

;

anthers usually less than 1.5

mm long. ... 13. T. pubescens.

13. Stigmas nearly as long as the

achene body ; filaments flexuous,

filiform, scarcely dilated dis-

tally; anthers 1.5-3.5 mm long.

14. T. dasycarpum.
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1. T. thalictroides (L.) Eames and Boivin, Rue Anemone.

Woods, banks, and thickets; chiefly mts. and pied. Ark.,

Fla., Ga. pied., Ky. pied., Md., N. C, S. C, Tenn., Va.,

W. Va. [All except Tex.] Anemonella thalictroides (L.)

Spach— Fernald (1950), Gleason and Cronquist (1963);

Syndesmon thalictroides (L.) Hoffmgg.— Small (1933)

.

No other species of the Ranunculaceae in our flora has

been placed among as many genera as the common Rue

Anemone. Linnaeus (Sp. PL 1: 542. 1753) initially de-

scribed it an an Anemone, but on cytological and morpho-

logical grounds its affinities are clearly elsewhere (Gregory,

1941; Boivin, 1957b; Tamura, 1968). Michaux (Fl. Bor.-

Am. 1: 322. 1803) treated the species as a member of

Thalictrum (as T. anemonoides) , and later Hoffmannsegg

(Flora 15: Pt. 2, Intell. n. 4, p. 34. 1832) placed it in his

new genus Syndesmon, a nomen nudum taken up later by

Britton (1891) and others. Eventually Spach (Hist. Nat.

Veg. 2: 339. 1839) erected the genus Anemonella which

was accepted by Gray (1886) and subsequently adopted in

various regional manuals (e.g., Fernald, 1950; Gleason and

Cronquist, 1963).

The taxonomic question therefore is whether the Rue
Anemone is sufficiently distinctive to warrant its separa-

tion from Thalictrum as Gray (1886) and others main-

tained. Boivin (1957b) reviewed this problem and con-

cluded on the basis of its tuberous roots, compound leaves,

sepal, stamen, carpel and fruit characteristics, the Rue
Anemone should be classified in Thalicti^um section Physo-

carpum DC. Moreover, as Eames (quoted in Boivin, 1957b)

pointed out, the involucral leaves are not truly opposite or

whorled— they are "merely approximate by telescoping/'

and the multiple carpellary traces in Rue Anemone and
Thalictrum are unlike all other genera in the Ranuncula-

ceae. Furthermore, other species of Thalictrum within

section Physocarpum have subopposite leaves and compact
corymbiform inflorescences (Boivin, 1957b).

In short, Rue Anemone appears to be an end reduction

in an evolutionary lineage featuring alternate leaves and
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a non-leafy inflorescence (Boivin, 19576). I concur with

Boivin that Rue Anemone does not have sufficiently dis-

tinctive characteristics to warrant its separation as a

monotypic genus (Anemonella) , a conclusion also reached

by Buchheim (1964), Tamura (1968), Radford (1968),

and others.

2. T. clavatum DC, Mountain Meadowrue.

Rich moist woods, cliffs, seepage slopes, and

streams ; mts. and pied. Ga. mts., Ky., N. C, S. C, Tenn.,

Va. pied., W. Va.

3. T. mirabile Small

Moist sandstone bluffs, sinks and rocky crevices, rare.

Ala. m.. Kv. mts. and IP, Tenn. IP.

mo

from Thalictrum

turn. Apparently it is more

stipes and straight dorsal achene margins. Population

studies are needed to assess the comparative differences

clavatum

4. T.dioicumL. Early Meadowrue.

Rich rocky woods, ravines, and alluvial terraces; chiefly

mts. and pied. Ala., Ga. mts., Ky., N. C, S. C., Tenn., Va.,

W. Va. [Mo., 111., Ind., Ohio, Pa., N. J.].

5. T. debile Buckley

Rich, rocky limestone woods; all prov. Ala., Ga. mts.

[Tex.].

6. T. arkansanum Boivin

Low grounds and upland woods, rare. Ark. cp.

This species is scarcely separable from Thalictrum debile.

com
texanum

7. T. coriaceum (Britton) Small

Rich rocky woods; chiefly mts. and pied. Ky. mts., Md.

pied., N. C., Tenn. mts., Va., W. Va. Incl. T. caulophylloides

Small— Small (1933).
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Small (1933) characterized Thalictrum caulophylloides

on the basis of its longer anthers and sepals and more
ellipsoid achenes. I am following Boivin (1944) in regard-

ing T. caulophylloides as conspecific with T. coriaceum,

although population studies may show regional morpho-

logical differences worthy of taxonomic distinction.

8. T. steeleanum Boivin

Moist alluvial thickets, rare; chiefly cp. and pied. Md.,

Va.,W. Va. [Pa.].

This species needs additional study. Apparently it is

closely related to Thalictrum coriaceum, but T. steeleanum

differs from this species by its rhizomatous habit, longer

anthers and achenes, and the terminal leaflets usually

shorter than wide. T. steeleanum is usuallv found in moist

taceum
rich woods.

9. T. revolutum DC.

Dry open woods, brushy banks, thickets, and barrens;

all prov. S. E. except La. [Mo., 111., Ind., Ohio, Pa., N. J.].

The outstanding characteristic of this species is the

stipitate-glandular pubescence usually investing both the

rfaces No
Thalictrum

this character. However, occasional specimens lack the

stipitate-glandular pubescence, the leaflets then being

whitened-papillose beneath. Sometimes
glabra Pennell, 1931) occasionally have
other species (Table II). Usually the

merely muricate

ms (iorma
been mistaken for other species

petioles and leaf abaxial surfaces of the glabrous forms
tend to be glaucous which aids in distinguishing this form
of T. revolutum from T. pubescens and T. dasycarpum
which usually have puberulent petiolules and leaflets.

Anther, sepal, and leaflet size also aid in distinguishing gla-

brous forms of T. revolutum from T. macrostylum (Table
II). In studying plants belonging to these species (Table
II), special care should be given in assessing overall leaflet
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size, color, texture and pubescence, and anther and style

length.

10. T. cooleyi Ahles

Savannahs, very rare. N.C. cp.

This interesting species, recently described by Ahles

(1959), has relatively long, narrow leaflets. Further field

work is needed to establish the overall variability of this

species.

11. T. macrostylum Small & Heller

meadows, and limestone

mts.. Miss

Characteristically Thalictrum macrostylum has small

brownish-green coriaceous to membranous glabrous leaflets

with generally entire and inrolled margins which amply

distinguish this species although glabrous forms of T. revo-

lutum may be confused with it. However, such forms of

T. revolution usually have larger leaflets, longer anthers,

stigmas and sepals, and the filaments tend to be different

(Table II).

12. T. subrotundum Boivin

Low woods, rare; cp. and pied. Ala., Fla., Ga., S.C.

This species is poorly understood and more field work is

needed to establish clearly its identity from Thalictrum

macrostylum. In general T. subrotundum tends to be more

lax and taller and its leaves greener and more membranous
(Table III). Pending further analysis I am retaining T.

subrotundum as a species although it may well be a local

geographic subspecies of T. macrostylum.

13. T. pubescens Pursh

Rich woods, low thickets, swamps, wet meadows, and

stream banks; chiefly mts. and pied. Ga., Ky. IP, Md.,

N.C., Tenn., Va., W. Va. [Ind., Ohio, Pa., N.J.]. T.

polygamum Muhl.— Small (1933), Fernald (1950), Glea-

son and Cronquist (1963), Radford et al. (1968); inch

T. perelegans Green— Small (1933).
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No species of Thalictrum in our flora has been subject

to as much nomenclatural or taxonomic confusion as T.

pubescens. First, the name appearing in most current

manuals is T. vohiqamum Muhl., but this is a nomen nu-

dum, Muhlenberg having m listed it in his Index

Florae Lancastriensis published in 1793. Later, Sprengel

(Syst. Veg. 2: 671. 1825) validated Muhlenberg's name,

but by this time, Pursh (1814) had already validly pub-

lished T. pubescens.

Boivin (1957a), in reviewing the nomenclature of this

species, recognized the priority of Thalictrum pubescens,

but recommended that T. polygaynum Muhl. ex Sprengel be

Table III. Comparison of T. macrostylum and T. subrotundum.1

Character

Height (m)

Habit

Leaflets

color

texture

margin

venation

Filaments

Stigma length (mm)

Habitat

Range

T. macrostylum T. subrotundum

Up tol

Erect

1-2

Lax, ±
adjacent vegetation

reclining on

Greyish or brownish

green

Coriaceous

Entire to apically

3-lobed

Green

Thin, membranous

Usually entire

Prominently reticulate Scarcely reticulate

beneath

Rigid, distinctly

clavate

ca. 1

Rich wooded slopes,

bluffs, meadows, and

limestone sinks

beneath

Weak, scarcely

clavate

1-2

Low woods

All prov., Va. to S.C., Cp. and pied., S.C.

Ala. mts., Miss. to Fla. and Ala.

Based in part on Boivin (1944).
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conserved in the interest of nomenclatural stability. De-

spite Boivin's persuasive argument, the present Interna-

tional Code of Botanical Nomenclature (Art. 14) forbids

such practice and consequently the earliest correct name
(T. pnbescens) must be used.

Second, Thalictrum pnbescens is a widespread highly

variable species. Its variability is borne out in the work
of E. L. Greene who around 1910 described at least thirteen

species which according to Boivin (1944) are all taxonomic
synonyms referable to T. pnbescens (= T. polygamum)

.

Table IV. -pum

Character

Inflorescence

Flowers

Sepals

Filaments

Achenes

Stigmas *

length (mm)

shape

Habitat

Range in south-

eastern U.S.

T. pubescens

Rounded

Usually bisexual

Elliptic, rounded

Clavate, ascending

Anther length (mm) 0.8-1.5

Short stipitate

0.5-2.0 (ca. V2
length of achene

body)

Sharply curved (like

a fiddlehead), with

densely matted
hairs 0.1 mm long

Rich woods, low

thickets, swamps,
wet meadows, and
stream banks

T. dasycarpum

Pointed, pyramidal

Unisexual

Lanceolate, acute

Filiform, flexuous

1.5-3.5

Obtuse at

base

sessile

2-5 (ca. equal to

length of achene

body)

± Straight, with

short hairs 0.05 mm
long

Damp thickets,

swamps, and wet
meadows

Chiefly pied, and mts., Cp. and mts., Ark. to

Md. to Ga., Ky.,

Tenn., and W. Va.

La.

1Based in part on Boivin (1944).
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In Gray's Manual, Fernald (1950) recognized three vari-

eties (two occurring outside of the southeastern United

States), but Gleason and Cronquist (1963) included only

the species. Thalictrum pubescens certainly needs study

on a population basis throughout its range, but pending

mor
species.

Frequently Thalictrum pubescens is confused with T.

dasycarpum and both these species can be confused with

T. coriaceum and T. steeleanum, although with adequate

material the distinctions can usually be made (see Tables

IV, V).

Table V. Comparison of the T. coriaceum Complex with the

T. pubescens Complex.1

Character

T. coriaceum and
T. steeleanum

T. pubescens and
T. dasycarpum

Leaflets:

lobe number
lobe margin
pubescence

3

Crenate

Usually glabrous

beneath

0-3

Entire

Puberulent beneath

Stipes

:

length (mm)
cross-section

Filaments

0.5-3.0

Wing-angled

Filiform, colored

0-1

± Terete

Clavate, white

Anther length (mm) 2-4 (in T'. coriaceum) 0.8-1.5

3.5-4.4 (in

T. steeleanum)

(in T. polygamum) ;

1.5-3.5

(in T. dasycarpum,

an infrequent species)

1Based in part on Boivin (1944).

14. m
Damp thickets, swamps, and wet meadows ; cp. and mts.

Ark., La., Miss. [Tex., Okla., Mo., 111., Ind., Ohio, Pa.].

Thalictrum dasycarpum is apparently closely related to

T. pubescens, although mature specimens can usually be
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distinguished (Table IV). Nevertheless, T. dasycarpum

arlv variable species in need of further study.is a simi

Between 1909 and 1912 Greene described at least six spe-

cies which according- to Boivin (1944) are all taxonomic

synonyms of T. dasycarpum. More recently, Rydberg

(1931) described plants from Texas and Kansas (T. hypo-

m similar to T. dasycarpum

but differed by having glabrous leaves and smaller, glab-

rous achenes. Although Boivin (1944) later reduced T.

hypoglaucum to a variety under T. dasycarpum, the taxo-

nomic status and relationship of this taxon remains in

doubt. For example, glabrous forms of both T. rcvolutum

and T. dasycarpum ("var. hypoglaucum") are difficult to

distinguish (see Steyermark, 1963, p. 675), and further

the taxonomic relationshi]

am reerardinsr Thalictrum

pum as a polym

central to northwestern United States and adjacent Can-

rn

States.
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DISPERSION OF FERN SPORES
INTO AND WITHIN A FOREST 1

Gilbert S. Raynor, Eugene C. Ogden

and Janet V. Hayes

Experiments were conducted at Bro-okhaven National

Laboratory over a nine-year period to study the spread by

atmospheric dispersion of small particles released within

and upwind of a forest. Most particles utilized were pol-

lens and spores selected for a range of sizes. One hundred

nineteen releases were made in forty-two separate experi-

ments. Ragweed (Ambrosia) pollen was studied most

extensively and may be considered a reference particle to

which other tracers can be compared. Spores of ferns

(Osmunda
in each simultaneously

from the same location. This paper describes the disper-

compares

of ragweed pollen. The forest dispersion studies and their

results have been reported previously but without detailed

consideration of the fern spore releases (Raynor, et aL,

1972, 1974a, 1974b, 1975).

SITE

Experiments were conducted in a forest composed largely

of Red Pine (Pinus resinosa) with smaller amounts of

White Pine (P. strobus), Pitch Pine (P. rigida) and sev-

eral deciduous species. Average tree height increased

about 10.5 to 13.0 m during the experimental years. The

stand is rather dense with 1474 trees per hectare. The

ranonv is mostlv closed but numerous small openings are

from

iThis research was carried out under the auspices of the New York

State Museum and Science Service and the U. S. Atomic Energy

Commission (now the U. S. Energy Research and Development

Administration) and was partially supported hy Research Grant

Meteorology

Protection Agency.
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present. The forest has a straight edge in an east-west

direction with an open field to the south. Except at the

edge where dense foliage extends to the surface, little liv-

ing foliage is present below 2 to 4 m. Sparse undergrowth
is present only in a few clearings. More detailed descrip-

tions of the site with illustrations were given earlier (Ray-
nor, 1971; Raynor et al, 1972).

EQUIPMENT AND METHODS

The sampling network was composed of 119 rotoslide

samplers (Ogden and Raynor, 1967) mounted at heights

from 0.5 to 21.0 m on towers and other supports along

seven rows, 10 m apart, extending from just outside the

forest edge to 100 m into the forest at right angles to the

edge. These samplers rotate at about 1500 revolutions per
minute and collect particles by impaction on the edges of

two microscope slides. The edges are coated with silicone

grease to insure retention of impacted particles. Deposi-

measu
7 sami

Meteo
measured by 25 sensitive cup anemometers mounted
near from 1.75 to 21.0 m

temperature sensors mounted
in the forest and the field. Other measurements were taken
at a nearby meteorological installation.

The micrometeorology of the forest was described earlier

(Raynor, 1971) but is summarized briefly here. With a
long fetch through the forest, wind speeds below the can-
opy are very light compared to those in the open and vary
little from near the ground to mid-canopy where an in-

crease takes place. When winds penetrate the edge from
the field, speeds are greater in the trunk space than in the
canopy for a distance of about 60 m. When unstable lapse
rates are present outside the forest, a temperature inver-
sion or an isothermal layer is typical below the canopy.
The vertical component of turbulence is more pronounced
and the lateral comnonent less so than in thp rmpn
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Particles used as tracers were previously purchased or

collected, suspended in a liquid and sprayed out through

atomizing nozzles (Raynor and

Smith, 1964). Pollens were prestained with selected colors

(Raynor, et al., 1966) to facilitate identification and count-

ing but the darker spores did not absorb the stains used

and were identified after collection by size, shape and sur-

face characteristics. Ragweed pollen is spheroidal, rough

and about 20 ^m in diameter. Osmunda spores are also

spheroidal but smooth and average about 54 ^m in diam-

eter. Dryoyteris spores are ovoidal, slightly rough and

average about 33 X 45 ^m.

In preparation for an experiment, the selected quantity

of particles was weighed on a laboratory balance, mixed

in a liquid and both stirred and agitated ultrasonically to

separate clumps. When pollens were used, the dye was

added to the liquid at this stage. When well mixed, the

suspension was placed in the dispensing apparatus at the

selected release point. Mixing continued during the release

period which usually lasted from 20 to 40 minutes. Slides

were placed in the samplers and at the deposition sites

Rotoslide samplers were started

before release began and operated until after the spray

terminated. In most tests, releases of the same particle

type were made from three locations simultaneously but,

in others, several particle types were emitted from the

emission

same After each test, slides were collected

stored for later analysis. Each type of particle or each

color of pollen used was counted separately on each slide

by use of a microscope.

The count data were normalized by the volume of air

sampled and by the sampler efficiency to give concentra-

tions in particles/m ! of air sampled. Deposition data were

expressed as particles/m 2 of ground surface. No measure-

ment was obtained of particles which impacted or deposited

on the vegetation. Since the number of particles/gram had

previously been determined for each species, the number of

particles released in each test was calculated. Therefore,
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all concentration and deposition data were further nor-

malized by the output rate so that these parameters were

expressed as percentages of the total output. This allowed

direct comparison of results between tests since amounts
released varied from one test or one particle type to an-

other. The data were then analyzed in various ways to

determine the rate and character of dispersion and the rate

of particle loss from the air.

More complete descriptions of the equipment and meth-

ods used were given earlier (Raynor, et al., 1966, 1972,

1974a, 1974b, 1975).

RESULTS

Since only four tests were made using fern spores, these

are described separately and results compared directly to

results from simultaneous ragweed pollen releases. Since

the fern spore data were too few for certain analyses per-

formed on the more complete pollen data, only selected

analyses are discussed here. However, these are adequate

to characterize the results found and to indicate the be-

havior of fern spores under the conditions of the experi-

ments.

In test 30, Osmunda spores and ragweed pollen were re-

leased from a height of 1.75 m at a point in the field 15 m
upwind of the forest edge. The normalized concentration

patterns at the 1.75 m height are shown in Figure la and
are qualitatively similar. Mean wind speed was 2.3 m/sec.
at the release point, adequate for good penetration into

the forest edge. As found for upwind releases in general
(Raynor, et al, 1974b) the plumes widen greatly before
the edge is reached due to increased turbulence in this

region, but additional lateral -spread within the forest is

small. The fern spore pattern is more irregular, probably
due to two factors: 1) the smaller number of particles

emitted with consequent smaller and less reliable counts
and 2) more rapid removal by impaction and deuosition at
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mor

locations in the forest where local foliage distribution and

wind flow patterns favored these processes. For both par-

ticles, maximum concentrations are found to the left of

the centerline of the sampling grid, apparently due to
-

channelling of the air by variations in foliage density.

Figure lb shows vertical cross sections along the down-
wind centerline of the sampling grid. Although some of

both particles were carried up over the forest at the edge,

the concentration isopleths of the Osmunda spores slope

down at 60 m in the forest whereas those of the ragweed
pollen remain nearly horizontal to the most distant sam-

pling location. This effect is due to

removal of the larger fern spores.

In test 40, Dryopteris spores and ragweed pollen were
released simultaneously from a height of 1.75 m at a loca-

tion 95 m in the forest with the wind blowing through the

forest towards the field. As shown in Figure 2a, concentra-

tions of Dryopteris spores decreased much more rapidly

with distance than concentrations of ragweed pollen, again

due to the greater loss of the larger fern spores. Mean
wind speed was only 0.4 m/sec. at the release point so the

clouds of particles moved slowly through the forest with

ample time for settling to the ground and to the foliage.

Figure 2b shows the downwind cross section along the

grid centerline. The lesser height reached by comparable
concentrations of fern spores and the more rapid decrease

with distance are evident.

In test 26, Osmunda spores and ragweed pollen were
emitted together from a height of 1.75 m, 100 m in the

forest. Wind speed was again 0.4 m/sec. at the release

point but somewhat less above the forest than in test 40.

Concentrations of Osmunda spores (Figure 3) decreased

very rapidly with distance and became negligible in about

40 m while concentrations of ragweed pollen remained ap-

preciable to the forest edge at 100 m. The vertical patterns

are not shown since the fern spores remained low within

the forest.
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Figure 3. Concentration isopleth patterns in the horizontal plane

at a height of 1.75 m resulting from simultaneous releases of rag-

weed pollen and Osmunda spores at a height of 1.75 m, 100 m in

the forest. Test 26.

Nearly identical results were obtained in test 32 when
the same particles were released at the same height 95 m
in the forest. Wind speed at the release point was only

rat 0.1 m/sec.

m only 1.4 m/ Thus, wind directions were variable

many
sam

expected (Figure 4). However, it is obvious

that the Osmunda spores were lost from the air ;

short distance in contrast to the ragweed pollen.
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Figure 4. Concentration isopleth patterns in the horizontal plane

at a height of 1.75 m resulting from simultaneous releases of rag-

weed pollen and Osmunda spores at a height of 1.75 rn, 95 m in the

forest. Test 32.

m
malized to 100% at the edge of the forest and plotted as a

function of distance within the forest (Figure 5). Except

for greater irregularity in the Osmunda curve (B) rate of

loss was not significantly different than for ragweed pol-

len (A).

The concentration data were then integrated in all three

coordinate directions to give the mass flux or the total

number of particles remaining airborne at each distance.

These data are also plotted relative to the values at the



482 Rhodora [Vol. 78

UJ

UJ

C/)

LU

or

o

<
UJ

<

u.
o

UJ

UJ
Cl

00

CENTERLINE

RAGWEED
Osmunda

I

MASS FLUX

RAGWEED POLLEN

Osmunda SPORES

20 40 60 80 00

DISTANCE WITHIN FOREST (m)

Figure 5. Normalized centerline concentrations and mass flux as

a function of distance within the forest for simultaneous releases of

ragweed pollen and Osmunda spores upwind of the forest edge-

Test 30.

edge of the forest in Figure 5. Here, it is seen that the

Osmunda spores (D) are lost appreciably faster than the

pollen grains (C) so that at 100 m, nearly three times as

many pollen grains remain airborne.

Deposition to the ground of the two particles is com-

pared in a similar way in Figure 6. Since centerline de-

position was typically irregular, deposition integrated in

the crosswind direction across the width of the deposition
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a function of distance from the source for simultaneous releases of

ragweed pollen and Dryo'pteHs spores within the forest. Test 40.

pattern is shown instead. This is termed crosswind inte-

grated deposition (CID). Decreases in the amounts de-

posited are similar for the first 20 m but much more rapid

thereafter for the Osmunda spores.

Changes in centerline concentration and mass flux with
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distance from the source are shown in Figure 7 for the

Dryopteris spores and ragweed pollen released within the

forest in test 40. Centerline concentration decreased only

slightly more rapidly for the spores (B) than for the pol-

len (A). However, the total number of grains remaining

airborne was much less for the Dryopteris spores than for

the ragweed pollen at all distances. At 80 m, more than
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Figure 8. Normalized crosswind integrated deposition (CID) as

a function of distance from the source for simultaneous releases of

ragweed pollen and Dryopteris spores within the forest. Test 40.
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10 times as many pollen grains were still airborne than

fern spores.

In Figure 8, crosswind integrated deposition to the

ground is illustrated for the .same test. Here, differences

are not as great but fern spore deposition falls off more
rapidly than deposition of ragweed pollen. Peak deposition

of both species is at 10-12 m from the source which is

typical for a source at this height.

DISCUSSION AND CONCLUSIONS

Results indicate that fern spores of the sizes studied are

dispersed by atmospheric motions in a manner qualitatively

similar to smaller particles but are lost from the atmos-

phere faster due to their larger size and greater gravita-

tional settling velocity. This agrees with conclusions

reached from more extensive studies of particles having

a wider range of sizes.

Use of quantitative measurements obtained in these

tests to predict fern spore dispersion under natural condi-

tions is difficult since vegetative, topographic and meteoro-

logical conditions will seldom be similar. However, certain

generalities are evident. Spores of ferns growing in the

open will be dispersed more widely and travel greater

average distances than spores of ferns growing within

forests. In most situations, travel distance and the length

of time spores remain airborne will increase with increas-

ing wind speed. Most spores released will settle to the

ground or to other vegetation within relatively short dis-

tances, but a few may be carried long distances, particu-

larly during periods of strong winds and good atmospheric
mixing. The wide distribution of some fern species, and
especially the occurrence of ferns on isolated oceanic islands

(Tryon, 1970) indicate a capacity for dispersal over long

distances, but probably only during exceptionally favorable

circumstances. More would have to be known about the

meteorological conditions under which fern spores are re-

leased naturally to attempt more quantitative predictions.
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STUDIES ON THE STELLARIA LONGIPES
GOLDIE COMPLEX— VARIATION IN

WILD POPULATIONS 1

C. C. Chinnappa and J. K. Morton

Stellaria longipes Goldie s.l. is a very variable species of

circumpolar distribution (see map in Chinnappa and Mor-

ton, 1974) and wide ecological amplitude. These factors

have led previous workers to describe and name many
species and varieties within the complex (e.g., Hulten,

1943; Bocher, 1951; Porsild, 1963). However, identifica-

tion of both living and herbarium material is frequently

difficult and uncertain, and the taxa appear not to be

clearly differentiated. Other workers (e.g., Polunin, 1959;

Anderson, 1959; and Raup, 1947) recognise a single vari-

able species. Cytologically the species is very variable,

displaying both euploidy and aneuploidy, with diploid

chromosome numbers ranging from 51 to 107; 52, 78 and

104 are the most frequent. There is no correlation between

chromosome number and taxonomy (Chinnappa and Mor-

ton, 1974; Philipp, 1972). The purpose of the present

paper is to explore the range of morphological variation in

this species complex, the geographical distribution of this

variation and the extent to which the characters are cor-

related in a manner which might justify the recognition

of taxa. We have confined this study to material from

North America, a region containing all the main varia-

tional trends, and one in which the species complex is most

highly developed, widely distributed, and abundant.

MATERIALS AND METHODS

This study is based on material in several of the major

North American herbaria (can, dao, trt, gh) and in the

writers' own collections. Over 1500 specimens have been

^ased on part of a thesis (Chinnappa, 1973) submitted to the

University of Waterloo in partial fulfillment of the requirements

for the degree of Ph.D.

488
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examined. The extensive collections in CAN, largely built

up by Dr. Porsild for his study of this complex (Porsild,

1963) proved of particular value. The material we have

examined came from the whole of the range of the species

in North America and contains all the known variational

trends and cytotypes. Material from outside North Amer-

examined

tics. It shows from

in North America. For reasons of space, the collections

studied, and the basic data obtained from them, are not

listed in this account.

The characters used in this study include all those re-

garded as being of taxonomic significance by previous

workers. Many of these characters, such as pubescence,

and the development of scarious bracts, do not lend them-

selves to numerical assessment. Pictorial scatter diagrams

(a method developed by Anderson, 1949), are a particu-

larly useful means of presenting this type of data, and

they provide an effective and concise visual method of

demonstrating correlation between characters, or between

characters and geographical distribution. Flower size and

petal shape are not readily studied in herbarium specimens

and were excluded from the present study. Many herbar-

ium specimens do not bear capsules or seeds, due either to

their immaturity when collected, or to the adverse climatic

conditions under which the plants were growing. This is

particularly so in material from the high arctic where the

severe climate often damages the developing anthers or

curtails the flowering season.

RESULTS

The following are the characters studied in this investi-

gation :

Habit. This ranges from short, compact cushion-like plants

found mainly in the arctic, to tall or diffuse plants, or ones

with creeping underground stems. The last are often asso-

ciated with unstable terrain such as gravel slopes and

screes. The length of flowering shoots ranges from 2 to



490 Rhodora tVo1 -
78

cm. with the shorter plants found ma
I in the mountain ranges to the south Two of the ex-

tremes are represented by Stellaria crassipes Hult. with a

compact cushion habit and short flowering shoots, and by

S. arenicola Raup with long, straggling, diffuse stems,

spreading from a central caudex. Mean internode length

(see Fig. 1A) was determined by measuring the middle

internode on 2 representative mature flowering shoots

from each plant. It provides a partial measure of habit,

though it does not indicate whether plants are straggling,

creeping or erect.

Inflorescence. The number of flowers in the inflorescence

varies greatly and ranges from one to many. The mean

number was determined for each plant. For purposes of

the pictorial scatter diagrams, plants were classified into

four inflorescence types

:

Type 1. 1-flowered (occasionally 2)

Type 2. 3-flowered (an occasional inflorescence may
have more)

Type 3. few-flowered (2-7 flowers) mean 4.5

Type 4. many-flowered (more than 7) mean 10.0

Types 1 and 2 were predominantly associated with Stel-

laria monantha Hulten, S. laeta Richards and S. crassipes

Hulten, types 3 and 4 with S. longipes Goldie, S. stricta

Richards, S. arenicola Raup, S. subvestita Greene, S. Ed-

wardsii R. Br. and S. Laxmanni Fisch. These four inflor-

escence types were fairly evenly represented in the material

we examined, their percentage occurrence being 26.1, 27.1,

26.5 and 20.3 respectively.

The presence and absence of scarious bracts in the in-

florescence has been considered to be an important taxo-

nomic character by most students of this complex. Plants

without scarious bracts have been described as Stellaria

monantha (when glabrous) and S. laeta (when pubescent).

Our observations show that 74.25% of the plants we exam-

ined had scarious bracts, which were absent in the re-

mainder.
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Capsule. Capsule length ranges from 3 to 8 mm. but is

usually from 4.5 to 6.5 mm. (Fig. IB). Capsules always

exceed the calyx in length. There is a gradation in capsule

colour from straw-coloured through pale brown and brown

to black. Straw-coloured capsules are of rare occurrence

in most areas, whilst black ones predominate (Fig. 1C).
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The characteristics of the mature capsule teeth (reflexed,

spreading or erect) were also recorded. In the plants we
studied 77.9% had erect teeth, 18.6% had spreading teeth

and 3.5% had reflexed teeth.

Pubescence. This is the most variable character and the
complexity in the pattern of pubescence has led to the

description of several taxa by previous workers. The aeriaT

parts of the plant vary considerably in respect of pubes-
cence, and in some degree this variation tends to be inde-

pendent in the different organs. Data were recorded on the

following basis.

GL. 1 — totally glabrous (includes S. longipes, S. stricta,.

S. arenicola, S. monantha, S. crassipes) .

GL. 2— glabrous except for the leaves which are ciliate

towards the base or on the margins (includes

the same taxa as in GL. 1).

GL. 3— stem and leaves glabrous, sepals ciliate on the

margins (includes S. Edwardsii)

.

GL. 4— stem and leaves glabrous, sepals pubescent on
the outer surface (includes S. Laxmanni and
S. laeta).

PU. 1— stem and leaves pubescent, sepals and pedicels

glabrous (includes S. subvestita) .

PU. 2— stem and leaves pubescent, sepals ciliate only
on the margins, pedicels more or less glabrous
(includes S. Edwardsii).

PU. 3— stem and sepals pubescent, leaves and pedicels

thinly pubescent (includes S. Laxmanni and
S. laeta).

PU. 4— plants densely pubescent throughout (includes
S. Laxmanni and S. laeta).

The distribution of plants belonging to these pubescence
types is shown in Fig. ID.

Leaf. Leaves are usually green to dark green in colour,
though glaucous ones are of common occurrence in most
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populations. The usual leaf shape is lanceolate to linear-

lanceolate. However, plants with oblong, ovate, or ovate-

lanceolate leaves are not uncommon. Leaf length varies

from 3 to 40 mm. and width from 0.5 to 5.0 mm. We de-

measure

ments
radically in our cultivated material during the course of

development. As a result plants which had ovate leaves in

their winter state, produced progressively longer and nar-

rower ones during the flowering season, though the extent

of this variation differed from population to population.

In our cultivated material this sequence of leaf shape

frequently remained intact in mature plants, though in

material grown in the wild it is not usually apparent.

Other characters. Several other characters were examined

but the data from them proved to be of little value and

have been omitted from this account. These characters

included the development of a scarious margin on the

sepals, seed size and seed sculpturing.

DISCUSSION

Recent authors differ in their treatment of variation in

the Stellaria longipes complex. Polunin (1959) regarded

it as a single very variable species. Bocher (1951) and

Hulten (1943) recognised 6 species, Porsild (1963) recog-

nised 9, whilst Hulten (1968) in a subsequent revision, and

Boivin (1966) accepted 4 species. All these workers based

their taxonomy on the characters used in the present study,

laying particular stress on pubescence, leaf shape and the

development of the inflorescence and scarious bracts. Our
own efforts to use the keys and descriptions of these work-

ers have been only partially successful and many speci-
i

mens appear to us to be undeterminable. Philipp (1972),

in a recent studv of material from Greenland, found that

specimens were intermediate

more
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Figure 2. Map showing distribution and association of three

characters— inflorescence, bracts and internode length— in Stellaria

lojigipes.
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For the recognition of taxa at the level of the subspecies

and above, not only must there be visible morphological

hnf +ho*P Hifferencea must be associated, and
differences,

random

population. Furthermore there must be some basis for

assuming that these characters are not just phenotypic

responses to different environmental conditions. It is ap-

propriate that we examine the pattern of variation in

Stellaria longipes to determine to what extent the above

criteria

All the variation which we have studied in Stellaria

longipes is of a quantitative nature and shows no discon-

tinuities. This in itself makes the recognition of taxa

rt»-a PnmnlPY of miestionable value. The interfer-
with

com

has been demonstrated (Chinnappa and Morton, 1974).

Hyb
chromosome numbers

undoubtedly contributes to the lack of discontinuity in

morphological characters. Some degree of association of

characters is apparent from our analysis of variation. In

particular there is a clear tendency for the number of

flowers in the inflorescence to be correlated with internode

gth
This

correlation, however, has a north to south distribution

suggestive either of clinal variation or of a phenotypic

response to climate. Thus, low single-flowered plants,

lacking scarious bracts, predominate in the arctic, and

there is a progressive development in internode length,

number
south, except in the mountains and other very exposed

habitats.

Pubescence also shows a similar north to south trend

(Fig. 3)
edominating

However, the pattern of pubescence is com

amon
lation. Figure 4 shows this for a population at Churchill,

Manitoba. Similar results were obtained from an analysis
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igu

longipes.

Map showing distribution of pubescence in Stellaria

of other populations. Only occasionally are populations
homogeneous in pubescence pattern, and .such populations
are usually the smaller, more isolated ones. The north to
south correlation which exists between pubescence and the
characters used in Fig. 2 (bracts, inflorescence and inter-

node) is at best only a broad geographical trend and there
is considerable variation within most populations and in

most regions. Hence, there is little basis here for the recog-
nition of taxa. This is apparent in Fig. 5 where these
characters, together with ones from the capsule, are com-
bined in a single pictorial scatter diagram. It will be noted
that the characters used in Fig. 5 include those regarded
as being diagnostic for the various taxa included in this

species complex.
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Figure 5. Map showing the distribution and association of cap-

sule, inflorescence, pubescence, habit and internode characters in

Stellaria longipes. For explanation of symbols see Fig. 6. The

arrow indicates the approximate location of Lake Athabasca.

All populations, except those in the region of Lake

Athabasca (see Fig. 5), have predominantly black (or

dark brown) capsules with erect teeth. In the very special-

ized habitat of the shifting sand dunes on the south side

of Lake Athabasca the situation is reversed, and plants

with straw-coloured capsules and reflexed teeth predomi-

nate (Figs. 5 and 6). In this population, capsule char-

acters (including a som ;what longer capsule) are associ-

c habit of long, straggling stems

rescences. Raup (1936) described

these plants as StellaHa arenicola. However, these char-

acters are not confined to plants from that locality, and

many
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they crop up at random in varying degrees of expression

throughout the greater part of the range of the species

(Fig. 5). Though paler capsule colour is usually associated

with spreading to reflexed teeth, the combination of char-

acters which make up S. arenicola (capsule size, colour,

teeth, habit and inflorescence) has never been observed

outside the Lake Athabasca population. But this popula-

tion is not discrete and appears to introgress with other

forms of S. longipes which grow in the vicinity (Fig. 6).

Thus the status of S. arenicola as a species must be ques-

tioned, though some taxonomic recognition may be justified.

Hulten (1943), in describing Stellarin crassipes, char-

acterized it as having pale-brown capsules with slightly

reflexed teeth, whilst all other taxa were said to have

dark brown to black capsules (Hulten did not recognize

S. arenicola). However, Philipp (1972) observed that out

of 42 samples of S. longipes s.l. from N.W. Greenland,

which included S. crassipes Hult., all except one had dark
brown capsules. Plants displaying all or

characters, which Hulten associated with S. crassipes

short, fleshy, compact, glabrous stems, few-flowered inflor-

escences, ovate leaves and the near absence of a scarious

margin to the bracts— are frequently encountered, par-

ticularly in the high arctic, but only rarely are all these

characters associated in a single plant, together with pale

capsule and slightly reflexed teeth, to produce the char-

acteristic S. crassipes as described by Hulten. Hence, we

some

mai
name

from
represents a continuum of variation within and between
its many populations. Its characters occur in ran< om com

some
by previous workers. There appears to us to be little justi-

fication for this except perhaps in the case of S. arenicola

where a distinctive combination of characters persists in

association with a very specialized habitat.
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CONCLUSIONS

emerge from

following

:

1. There is considerable variation in the taxonomic char-

acters of Stellaria longipes in most of the populations

throughout the greater part of the range of the species.

This variation is not discrete and is of a quantitative or

continuous nature, making the recognition of taxa difficult

and of questionable value.

2. There is a clear north to south trend of variation in

the following characters— internode length, pubescence,

number of flowers in the inflorescence, and the occurrence

of scarious bracts. Furthermore, variation in the last 3

characters is usually correlated, but this variation, along

with that in leaf shape, is probably under considerable

environmental and developmental influence and may not

be genetically determined. Thus its taxonomic value is

questionable.

3. The populations on the Lake Athabasca sand dunes,

named Stellaria arenicola Raup, are distinctive and show a

sufficiently marked correlation of characters to justify

taxonomic recognition. Though these characters occur

randomly throughout the range of the species in North

America, only at Lake Athabasca are they associated in a

high proportion of the individuals in the population. Stel-

laria arenicola appears to introgress freely with other

forms of S. longipes which grow in the vicinity. Hence,

the specific status of S. arenicola is questionable and it

appears more appropriate to treat it at an infra-specific

level within S. longipes.

4. A satisfactory understanding of variation in the

Stellaria longipes complex must await an experimental

study to determine its genetic basis and the reproductive

biology of the component populations. Such a study has

been undertaken and will be reported in a subsequent

paper.
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NOMENCLATURE, TAXONOMY,
AND BIOSYSTEMATICS OF

VACCINIUM SECTION CYANOCOCCUS
(THE BLUEBERRIES) IN NORTH AMERICA.

I. NATURAL BARRIERS TO GENE EXCHANGE
BETWEEN VACCINIUM ANGUSTIFOLIUM AIT.

AND VACCINIUM CORYMBOSUM L.

S. P. Vander Kloet

A number
ing (Lance and Williams, 1967), average link (Upgma),

and Burr's (1970) incremental sum of squares (McNeill

in preparation) and other techniques such as Rubin's

(1967) clustering strategy (see Vander Kloet, 1972) were

used on various subsets of 670 blueberry colonies collected

along the Frontenac axis in Ontario and adjacent New
York in 1970. Two morphok
alia) are consistently formed

(inter

may
referred to the taxon Vaccinium angustifolium Aiton

(sensu Hall and Aalders, 1961, and D. W. Smith, 1969, non

Camp, 1945) and the other to Vaccinium corymbosum
sensu lato.

Both of these taxa are tetraploid (Longley, 1927, New-
comer, 1941, Hall and Aalders, 1961, Love and L6ve,

1966). Darrow et al. (1944) reported that Vaccinium an-

gustifolium was diploid ; however, the supporting specimen

they cite cannot be located. Since no cytological barriers

to interbreeding exist between tetraploids, these taxa are

considered compatible (Camp, 1942, 1945). They are sym-

patric in the sense that all the northern populations of V.

corymbosum fall completely within the range of V. angusti-

folium. Furthermore, both species are acidophilic, although

habitat preferences do exist. Vaccinium corymbosum oc-

curs in a variety of wet habitats such as bogs, swamps, wet
depressions, seepage slopes and ditch, river, and lake mar-
gins, while V. angustifolium occurs not only on a variety of

dry sites such as granite outcrops, sand hills, headlands,

503
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poverty grass meadows and oak parklands, but also in

raised bogs, along lake margins and along ditch banks

where it occurs with V. corymbosum.

Vaccinium corymbosum

swamps
and quartzite outcrops while V. angustifolium occurs on

sandstone pavements, oak parklands and on granite and

quartzite outcrops where it comes into contact with V.

corymbosum maintain their m
most

species.

were found in all localities where both species occur to-

gether.

It is against this background that the present investiga-

tion of the pollination syndrome (sensu Levin, 1971) of

these two species was undertaken; Table 1 contrasts the

characteristics which may lead to discrimination by the

pollinator fauna and thus result in ethological isolation.

Accordingly, in 1971, following a procedure described by

Judd (1966), I collected pollinators on plants of these

Pollinators were identified by M. Ivanochko (Ves-

pidae), B. V. Peterson and G. E. Shewell (Diptera) and

H. E. Milliron (other Hymenoptera) of the Entomology

Research Institute, Canada Department of Agriculture,

Ottawa, Ontario. Table 2 lists the common bee species

collected and their frequency of occurrence. It suggests

that, in fact, the two species utilize different segments of

the pollinator fauna. No honey bees and very few andrenids

were caught on V. corymbosum; however, both taxa shared

several of the Bombus spp. especially Bombus bimaculatus.

This overlap in pollinator taxa might not involve oppor-

tunities for pollen transfer if there were high pollinator

specificity. Pollinator specificity was first reported by

Aristotle, corroborated by Darwin (see Grant, 1950) and

is still believed to be important (Heinrich, 1973). This

concept is based on strict observation of preference for a

single floral signal, i.e., the Bombus temarius which I

followed for 83 consecutive visits chose only Vaccinium

angustifolium corollas.
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Table 2: Numerical estimate of pollinators collected on

Vaccinium angustifolium from four localities

and on Vaccinium corymbosum from one locality.

Number caught on Number caught on

Pollinators V. angustifolium V. corymbosum

Bombus bimaculatus*

B. terricola

B. ternarius

B. impatiens

B. perplexus

B. affinis

B. griseocollis

B. pensylvanicum

B. fervidus

B. vagans

B. sandersoni

Psithyrus ashtoni

Apis mellifera

Andrena carlini

A. vicina

A. crataegi

A. mandibus
Nomada spp.

Osmia atriventris

Evylacus truncatus

Augochlora pura

49(12)

30(8)

17(4)

12(3)

9(2)

13(3)

2( + )

2( + )

K + )

K + )

K + )

K + )

41(10)

130(38)

78(19)

6(2)

14(3)

20

3

3

2

20

6

2

10

2

4

1

2

1

1

3

3

6

*
() brackets indicate the average number of pollinators

per locality.

.
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The extent of flower constancy of bees can be verified

by examination of the corbicular pollen loads. This is a

time consuming procedure whose results are sometimes

difficult to interpret. Grant (1950) has reviewed several

pollen pellet analyses: those of Betts (1920), Brittain &
Newton (1933), and Clements and Long (1923). Each of

these workers reported that bees carried mixed pollen

loads. However, Grant (1950, p. 384) reexamined some

of Clements and Long's data and concluded that a 95%
pure load in Apis mellifera is tantamount to a pure load.

In effect Grant has belittled these reports.

In spite of these findings, the concept of ethological iso-

lation remains entrenched in the literature and is fre-

quently cited as part of the argument in favour of bio-

logical separation of taxa through floral signal isolation

as in Levin (1971).

Since observation partially demonstrated ethological iso-

lation between Vaccinium angustifolium and V. corymbo-

sum colonies along the Frontenac axis, an examination was

made of pollen pellets from a random sample of pollinators.

MATERIALS AND METHODS

From May 15, 1972, to June 10, 1972, five sampling areas

were visited weekly, viz., (1) Rock Dunder, a 2 hm2 gran-

ite outcrop near Morton, Ont. (031/309, 31 c
/9 E). Vac-

cinium angustifolium colonies are abundant on this outcrop.

(2) Burnt Hill, a 1.2 hm 2 granite outcrop near Morton,

Ont. (035/297, 31 c

/9 E). Vaccinium angustifolium colo-

nies are abundant on this outcrop; moreover, in a small

permanently wet depression a small population of V. corym-

bosum occurs. (3) Mt. Fitzsimmons, a steep granite out-

crop near Lansdowne, Ont. (172/134, 31 c

/8 E), supports a

large population of V. angustifolium and along the margin

of a Nemopanthus mucronata shrub carr (which occupies

the centre of a small, permanently wet depression on top of

the mountain) are several large colonies of V. corymbosum.

(4) The Kaladar Jack Pine Ridge, a massive granite-

gneiss ridge 0.5 km north of Kaladar, Ont. (312/475, 31
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c/ll E) on which V. angustifolium occurs in abundance.

(5) The Hebert Bog, near Upper Rock Lake, Frontenac

County, Ont. (875/280, 31 c

/8 W), a 2 hm2 spruce bog

which contains several large colonies of V. corymbosum,

but no V. angustifolium. However, the surrounding gran-

ite-gneiss outcrops have several colonies of V. angusti*

folium.

At each of these sites, six colonies were chosen at ran-

dom and every pollinator, which visited the colony in a

ten minute period and hit at least three consecutive corol-

las, was trapped in a cyanide bottle, transferred to a vial

of 70% alcohol, labelled, and stored in the refrigerator.

In addition, flowers from all taxa in bloom at each sam-

pling time were collected and, using the Wodehouse (1935)

technique, reference pollen slides were prepared.

The vial containing the pollinator in 70% alcohol was
shaken in order to transfer the pollen grains from the in-

sect body into the alcohol, which was then decanted and

centrifuged; after the supernatant was poured off, four

drops of glycerol were added to the pollen pellet, mixed,

and a single drop put on a slide, covered and sealed with a

clear fingernail polish.

The slide was scanned under high power and the first

50 grains identified and recorded, using in the first instance

the prepared reference slides and secondly the pollen at-

lases of Richard (1970) and of Kapp (1969).

RESULTS

Of the 50 pollen loads examined, only one was pure; i.e.,

the pollen load was composed entirely of pollen grains

which could be assigned to Vaccinium angustifolium. The
remaining 49 were mixed. However, if the investigator's

error, the presence of wind borne pollen on the collecting

sites, and accidental straying by the pollinator are taken
into account, a cumulative background contamination of

10% or even 20% could occur. Even with such a liberal

allowance for error, only 22% of the loads examined could

be assigned to the "pure" class.
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Table 3 : Pollen load analysis of pollinators visiting Vac-

cinium angustif olium and V. corymbosum along

the Frontenac axis.

pollen load

low

< 100 grains

moderate

100-10,000

grains

high

> 10,000 grains

pure loads

>80%
mixed loads

2 spp.

mixed loads

3 spp.

mixed loads

4 spp.

1 2 8

4 5 6

7 3

14

terms of "pure" and mixed

classes only, since no difference in the ratio of pure to

mixed could be detected in either loads exami

bees collected on corollas of Vaccinium angustifolium

V. corymbosum or in loads exami

from

of bees. from four Apis mellifera exam

ined one carried a pure load; out of the 19 from

na
from Bombus No difference

detected

CONCLUSION

random
constant to a single floral signal. Linsley et al. (1963,

1964) have argued that pollinator specificity is a plastic

response subject to modification by immediate cii cum

stances. most

density. At low food-plant density, a pollinator is apt to

feed on any suitable plant. seems

fit the Frontenac axis condition quite well. Many of the

plant species on these outcrops break dormancy during
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mid-May
exam

virginiana Duchesne, Amelanchier sanguinea Pursh (DC),
Amelanchier spicata (Lam.) K. Koch., Amelanchier ar-
borea (Michx. f.) Fern., Primus pensylvanica L. f., Primus
virginiana L., Aronia melanocarpa (Michx.) Britton, and
Comandra umbelMa (L.) Nutt. Also, hibernating queen
bees emerge at this time ; these queens may try a number
of different floral signals before they begin to specialize.

Twenty-seven bees (or 58%) of the random sample had
fewer than 100 pollen grains on their entire body.
The analysis of the loads suggests that ethological isola-

tion between Vaccinium angustifolium and V. corymbosum
does not exist along the Frontenac axis. Although this
evidence is fairly conclusive for this area it would be un-
reasonable to generalize from such a local sampling regime.
A valid generalization would have to be based on a wider
sampling of the entire range of the species. Hence, using
the same collecting technique as described above, pollinators
were collected from several populations of V. angustifolium
and V. corymbosum in Nova Scotia. Additional pollinators
were also collected from several other Vaccinium section
Cyanococcus species, when they occurred with either V.
angustifolium or V. corymbosum in both Nova Scotia and
Florida, in order to assess the level of constancy between
V. angustifolium or V. corymbosum and their sister groups.
Description of additional sampling sites (methodology

is the same as above) : (1) From February 28 to March 3,

1973, 13 pollinators were collected on corollas of Vaccinium
myrsinites and V. corymbosum which occur along margins
of and in fire trenches cut through pine flatwoods, and on
the fringes of Lake Annie near Archbold Biological Field
Station in Highlands County, Florida. (2) From May 27
to June 15, 1973, 87 pollinators were collected on five sites
throughout Nova Scotia: a shrub zone, which contained
both V. corymbosum and V. angustifolium colonies, sur-
rounding Lake George, near Port Maitland, Yarmouth
County; sand hills with V. myrtilloides and V. angusti-
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folium on the northern edge of Wolfville

blueberry angustifolium) headland near High Head,

Yarmouth County; an abandoned pasture, which has been

invaded by V. angustifolium and V. myrtilloides, 1.5 km N
of West Branch, Pictou County; and finally an extensive

folium) 2.6 km W of Me

Antigonish County.

Results: The res

pattern as those gi 1

same

mixed

vice versa, a high pollen load with a tendency towards

specificity.

Table 4 : Pollen load analysis of pollinators visiting Vac-

Cyanococcus in Florida and Novacinium

Scotia heath communities

pollen load

low

<100 grains

moderate

100-10,000

grains

high

> 10,000 grains

pure loads

>80%
mixed loads

2 spp

mixed loads

3 spp

mixed loads

4 spp

5 9 12

14 10 9

13 2 5

16 4 1

Moreover, these data do more

than the previous data the concept of ethological isolation

section Cyanococcus. Indeed the opposite
in mm
seems to be more
probability of gene exchange between taxa. The differences

between taxa, such as those given in Table 1, are probably

the result of selection pressures of the habitat.

In 1970, a series of warm nights, which began on April

22 and continued until May 5, resulted in rapid floral axis
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expansion in Vaccinium corymbosum colonies in bogs and
depressions (indeed several precocious colonies of V. an-

gustifolium on the surrounding upland outcrops had al-

ready begun to bloom). However, on the nights of May 5

and 6, the temperature fell to — 3°C and — 2°C respec-

tively in the hollows, while on the slopes and uplands the

temperature remained at 0°C and 1°C respectively, causing

severe frost damage to the expanded flower buds of V.

corymbosum while the V. angustifolium flowers were not

damaged at all.

On August 21, 1970, only the serotinous colonies of Vac-
cinium corymbosum bore fruit; the frost damaged shrubs
had a few green berries which had been infected by Mo-
linia spp. and contained no ripe ovules.

Brown, McKay and Chapman (1968) give May 15 as the
mean date for the last occurrence of 0°C for the sample
area. But since the topography is heterogeneous, the prob-
ability of frost occurring at a later date in the hollows is

very high (Geiger, 1966, p. 393).

Vaccinium growth and development is closely related to

night-time temperatures (Geiger, 1966, p. 439). But if

night-time temperatures fall below -2.2°C for more than
two consecutive hours irreversible frost damage occurs

(Hall, Aalders and Newbery, 1971). In short, along the

Frontenac axis, selection is against precocious shrubs of

V. corymbosum.
The reverse holds for Vaccinium angustifolium; here

selection acts against serotinous colonies. The soil on the

granite and quartzite ridges and outcrops is very shallow
and discontinuous, which, in conjunction with 40-45°C
temperatures at ground level during June, July and August,
and unpredictable precipitation, often result in severe sum-
mer droughts (Vander Kloet, 1973). Consequently, late

flowering colonies of V. angustifolium produce few if any
mature berries. I have observed racemes of wilted green
berries and fully formed leaf abscission layers on July 1,

1970 and 1973. In those years only the colonies that flow-

ered between May 5 and May 12 fruited abundantly.
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It is these countervailing selective pressures which ac-

count for the phenological difference given in Table 1.

Moreover, since the pollinator data suggest some constancy

and some specialization in feeding behaviour, the different

flower size and plant height may well restrict some cross-

pollination between the species. It is not a single factor but

rather a combination of all these factors— habitat, phenol-

ogy, plant height, corolla length, and pollinator frequency

and constancy— which is effective in the evolution and

the retention of the species' distinctiveness.
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INVESTIGATIONS OF THE MARINE ALGAE
OF SOUTH CAROLINA

I. NEW RECORDS OF RHODOPHYTA

D. Reid Wiseman

AND

Craig W. Schneider2

The most extensive accounts of benthic marine algae

occurring in South Carolina were included in larger sur-

veys of marine algae from North America by William H.

Harvey (1852, 1853, 1858), and from Beaufort, North

Carolina and adjacent regions by W. D. Hoyt (1920).

Their findings were based on brief visits to this state.

Considering the dearth of information on the marine algae

of the South Carolina coast, a preliminary survey of one

major groups, the Rhodophyta

from

region.

MATERIALS and methods

The intertidal collections (Fig. 1, Collection Stations 1-8)

were made and identified by the first coauthor over the

past several years. The pelagic collections (Fig. 1, Collec-

tion Stations 9-18) were obtained by dredging by Dr. R. B.

Searles of Duke University from the R/V Eastward, Cruise

E-7-74, June 11-12, 1974. The second coauthor participated

in this cruise and identified the specimens. Representative

specimens have been deposited in the Duke University

Algal Herbarium.

iPresent address Biology Department, The College of Charleston,

Charleston, South Carolina 29401.

2Present address Department of Biology, Trinity College, Hartford,

Connecticut 06106.
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HISTORICAL SUMMARY
Jacob W. Bailey (1848) published the first records of

marine algae from South Carolina based on specimens sent

to him by Professor Lewis R. Gibbes of Charleston. Bailey

was assisted in the determinations by William H. Harvey
of Trinity College, Dublin. This paper and one published

the previous year by Bailey were the first phycological

papers published in the United States (Zaneveld, 1966).

Seven species were listed from South Carolina, but Ecto-

carpus viridis Harvey (= E. siliculosus (Dillwyn) Lyng-
bye) was inadvertently placed by Bailey in both the

"Chlorospermeae" and the "Melanospermeae", thus re-

ducing the species recorded from the state to 6 with three

of the six in the "Rhodospermeae". Bailey later (1851),
in an extensive report on desmids and diatoms from the

southeastern United States, included 4 species of macro-
scopic marine algae. Three of the 4 species were red algae
with 2 of these new rhodophycean records for South
Carolina.

William H. Harvey stopped briefly at Charleston in

January and March, 1850, in transit to and from Key West,
Florida. Aided by L. R. Gibbes and H. W. Ravenal, he
collected 29 species of marine algae from the Charleston
area. Harvey included these findings in his monum
Nereis Boreali-Americana (1852-1858). Thirteen of the 17
red algae reported by Harvey (1853) were new records for
the state. Harvey cited all of the species previously re-

ported by Bailey with the exception of Rhodymenia pal-
mata (L.) Greville, which was listed by Bailey in the 1848
paper. The latter species has not been recollected f: om

more
palmata (Lamouroux)

Silva, a species commonly found on the hai
Charleston. ,

Jordan (1874) and Farlow (1876) listed ;

rine algae from South Carolina in distributional notes, 1

all of these records were taken from Harvey's Nei
Boreali-Americana.

ma
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Melvill spent the winter of 1871 and the spring and

summer of the following year at Charleston. He reported

(1875) 22 taxa of marine algae from this region, all but

two of which had previously been cited by Bailey and

Harvey. The two new additions, the pelagic brown alga,

Sargassum bacciferum (Turner) C. Agardh (= S. fluitans

B0rgesen or S. natans (L.) Meyen), and a red alga, Colli-

thamnion baileyi Harvey, were cited by Harvey in Nereis

Boreali-Americana but were not reported from South Caro-

lina.

Hoyt visited Georgetown, Pawleys Island, Charleston,

and Port Royal Sound in South Carolina during the sum-

mer months of 1909. He commented (1920) on 21 species

and a variety of marine algae from the state. The variety

and 15 species were red algae, six of which represented

new records for the state.

In April 1947, Stephenson and Stephenson (1952) stud-

ied intertidal zonation on the jetties, breakwaters, and

seawalls in Charleston Harbor, the area around Bears

Bluff Laboratory on Wadmalaw Island, and a narrow chan-

nel (Eliot Cut) connecting the Stono and Ashley Rivers.

They reported 14 genera of algae with two of the genera

not determined to species. Seven of the 12 genera deter-

mined to species were red algae. Three of the 7 reds were
new records for the state, while the other 4 species prob-

ably represent taxa previously reported under different

specific epithets.

During the years 1947 to 1949, Pearse and Williams

(1951) investigated the biota of the submerged "black

rock" formations off the coasts of North and South Caro-

lina. On August 16-17, 1949, they made collections at a

formation near Little River, South Carolina. Williams

compiled the section of algal vegetation and listed 104 taxa

from both states with 67 of these placed in the Rhodophyta.
With the exception of the 'Carolinas only' notation under
which he listed 11 taxa, the format used in the distribu-

tional synopsis has made it impossible to ascertain with
certainty records for South Carolina. Five of the 11 taxa



520 Rhodora [Vol. 78

cited under 'Carolinas only' represent new rhodophycean

records for the state.

W. R. Taylor (1957, 1960) cited 41 species and 3 vari-

eties of marine algae from South Carolina with 30 of these

in the Rhodophyta. Most of the taxa listed by Taylor were

previously reported by either Bailey, Harvey, Melvill or

Hoyt.

Schneider (1975) reported two new and interesting addi-

tions to the South Carolina marine algal flora, Acrosorium

uncinatum (Turner) Kylin and Rhododictyon bermudensis

Taylor. The former species was collected by dredging at

Collection Stations #13, 14, 16, 17 (Fig. 1), and the latter

species at Station #13. Schneider and Searles (1976) have

also collected five additional new taxa by dredging in the

same region, including: Hypnea volubilis Searles, Petro-

glossum undulation Schneider, Sarcodiotheca divaricata

Taylor, Rhodymenia divaricata Dawson, and Lithotham-

nium occidentale (Foslie) Foslie. These 7 new offshore

records, as well as the ones reported in this paper, attest

to the richness and diversity of the deep water flora of this

coast, and future exploration should yield many new addi-

tions.

Taxa of red algae previously reported from South Caro-

lina are listed below. Some of these have been regarded as

uncertain records for the state and are in need of recon-

firmation.

Bangiales

Porphyra leucosticta Thuret in Jolis

Porphyraumbilicalis (L.) J. Agardh

Gelidiales

Gelidium corneum (Hudson) Lamouroux
Gelidium crinale (Turner) J. Agardh

Cryptonemiales

Grateloupia filicma (Wulfen) C. Agardh
Grateloupia gibbesii Harvey
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Gigartinales

Gracilaria foliifera (Forsskal) B0rgesen

Gracilaria foliifera var. angustissima (C. Agardh) Tay-

lor

Gracilaria sjoestedtii Kylin

Gracilaria verrucosa (Hudson) Papenfuss

Eucheuma gelidium J. Agardh
Neoagardhiella baileyi (Harvey ex Kutzing) Wynne &

Taylor

Soliera tenera (J, Agardh) Wynne & Taylor

Hypnea musciformis (Wulfen) Lamouroux

Rhodymeniales

Rhodymenia pseudopalmata (Lamoroux) Silva

Rhodymenia pseudopalmata var. caroliniana Taylor

Lomentaria baileyana (Harvey) Farlow

Ceramiales

Callithamnion byssoideum Arnott ex Harvey in Hooker

Callithamnion polyspermum C. Agardh
Ceramiumrubrum (Hudson) J. Agardh
Ceramium strictum (Kutzing) Harvey
Pleonosporium borreri ( J. E. Smith) Nageli ex Harvey
Caloglossa leprieurii (Montagne) J. Agardh
Grinnellia americana (C. Agardh) Harvey
Calonitophyllum medium (Hoyt) Aregood
Hypoglossum tenuifolium (Harvey) J. Agardh
Dasya baillouviana (Gmelin) Montagne
Bostrychia radicans (Montagne) Montagne
Bostrychia radicans form moniliforme Post

Chondria atropurpurea Harvey
Herposiphonia tenella (C. Agardh) Schmitz form secunda

(C. Agardh) Hollenberg

Polysiphonia denudata (Dillwyn) Kutzing
Polysiphonia harveyi Baileyi

Polysiphonia nigrescens (Hudson) Greville

\Spyridia filamentosa (Wulfen) Harvey
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RESULTS

List of new records of red algae from South Carolina

with Collection Stations.

Bangiales

Bangia atropurpurea (Roth) C. Agardh 4, 5

Gelidiales

Gelidium pitsillum (Stackhouse) Le Jolis 6,7

Cryptonemiales

Corallina officinalis L. 2

Halymenia hancocki Taylor 10, 11, 17, 18

Heteroderma lejolisii (Rosanoff ) Foslie 2

Peyssonnelia rubra (Greville) J. Agardh 12, 13, 14, 16, 17

Gigartinales

Gymnogongims griffithsiae (Turner) Martius 2,3

Gracilaria mammillaris (Montagne) Howe
9, 12, 13, 14, 16, 17, 18

Plocamium brasiliense (Greville) Howe & Taylor

12, 14, 16, 17

Predaea masonii (Setch. & Gard.) DeToni 14

Rhodymeniales

Agardhinulu browneae (J. Agardh) DeToni 9

Gloioderma atlantica Searles 13, 14, 17

Botryocladia occidentalis (Borgesen) Kylin 14, 16, 17

Botryocladia pyriformis (Borgesen) Kylin 17

Ceramiales

Antithamnion cruciatum (C. Agardh) Nageli 3

atum var. radicans (J. Agardh)
Hervey 12, 13, 14, 17

Apoglossum ruscifolium (Turner) J. Agardh 17

Branchioglossum prostratum Schneider 13, 14, 16, 17

amium byssoideam

Ceramiu
3

)t) Roth 1

Woodw.) C. Agardh 8

Compsothamnion thuyoides (Smith) Schmitz
Griffithsia tenuis C. Agardh
Heterosivhonia wurdemanni CBailev px Ha

14, 16, 17, 18

Falkenberg var. laxa Borgesen 12, 17



1976] Marine Algae— Wiseman & Schneider 523

Memb 12, 13, 14, 16

Nitophyllum wilkinsoniae Collins & Harvey 12, 13

tepida Hollenberg 3

Polysiphonia sphaerocarpa Borgesen 3

Pterosiphonia pennata (Roth) Falkenberg 3

Spermothamnioninvestiens (Crouan) Vickers

var. cidaricola Borgesen 13, 17

Spyridia hypnoides (Bory) Papenfuss 2

DISCUSSION

from

Carolina nearly doubles the list of rhodophycean taxa

known from this region. About 200 taxa of red algae have

been reported from North Carolina, South Carolina, and

Georgia with most of these records from North Carolina.

The above list of 35 taxa of reds previously reported, and

the present list of 31 new records for South Carolina, a

total of 66, belies what really is the red algal flora of the

state. More intensive collecting should markedly expand

the list.
*

The delesseriaceous species Apoglossnm ruscifolium

known only from Europe, the Falkland Islands, and the

Atlantic coast of Argentina is newly reported from the

western North Atlantic. Spermothamnion investiens var.

cidaricola, described by Borgesen from the West Indies, is

reported for the first time from the Carolinas. The follow-

ing taxa have previously been reported only from North

Carolina : Gloioderma atlantica, Branchioglossum pro-

atum. Memb
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A VEGETATION ANALYSIS OF THE
GEORGIA FALL-LINE SANDHILLS

W. Z. Faust

from

North Carolina to Alabama is a narrow belt of intermittent

ridges and hills. These hills, which are made up of whitish

or yellowish sands, are called the fall-line sandhills. The

sandhills form an important physiographic feature through

Georgia, South Carolina, and into North Carolina (Austin,

1965). The sandy ridges are higher than both the Coastal

Plain on one side and the Piedmont region on the other

side; elevation ranges from 30 to 50 feet (Hopkins &
Hebb, 1954). The depth of the nearly pure sand is un-

known, but it effectively protects the underlying clay or

rocks from erosion. Soil permeability and internal drain-

age are ranid, and moisture retention for plant use is low

(Burns & Hebb, 1972).

The vegetation of the xeric sandhills was once pre-

dominantly longleaf pine (Wells & Shunk, 1931). How-

ever, the lumber industry of the early 1900's removed most

of the stands of longleaf pine and the understory scrub

oaks assumed dominance because they adapted well to the

droughty, acid sands (Burns & Hebb, 1972). Harper

(1906), in his phytogeographical investigation of the

Altamaha Grit region of the Coastal Plain of Georgia,

included a brief discussion of the sandhills and a check-

list of plants from different sandhill areas. He found

Quercus laevis Walt, to be the dominant scrub oak and

Erioqonum tomentosum Michx. the most abundant herb.

An ecological study of the coarser sands of the North

Carolina Coastal Plain was made by Wells and Shunk

(1931). They reported on the vegetation and habitat fac-

tors and suggested that the flora of the sandhills is prob-

ably determined by nutrient and water factors and their

relationship to root growth. Alien roots must grow rapidly

ihrnnoh thp rplativplv sterilp sands to reach richer, moister

525
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layers below. The Florida sandhills are covered by a long-

ms
stands with abundant herbaceous ground-cover composed
mostly of wire-grasses (Laessle, 1958). Duke (1961) made
a floristic study of the Carolina fall-line sandhills and

sandhill flora.merated e

The objectives of this study were to determine the com-
position of the longleaf pine-scrub oak stands in the west-
ern portion of Georgia and to observe the ecology of the
area.

DESCRIPTION OF THE STUDY AREA

The fall-line in Georgia runs through the central part
of the state from Columbus, through Macon, to Augusta.
The sandhills are very prevalent along the western portion
of the fall-line east of Columbus in Talbot County. Numer-
ous xeric, sandy ridges with unusual vegetation occur
around Junction City, a small, rural community in Talbot
County.

The sandhills selected for study are located between
Geneva and Junction City along highway 80, and south of
Junction City along highway 90. The high, dry hills with
longleaf pine-scrub oak vegetation are common along both
sides of the highways for many miles. The width of the
sandhill belt is variable. Around Junction City, however,
it seems to be about 20 miles wide. The longleaf pine-
scrub oak stands are bordered on the north and south by
loblolly-shortleaf pine stands and mixed pine-hardwood
forests. As the vegetation of the sandhills changes to the
pine and pine-hardwood stands, there is a noticeable dif-

ferenca in elevation and soil type as well.

The soils of the fall-line sandhills are acid in reaction
and infertile. Results from this investigation indicate a
soil pH range of 4.0-5.6. Brendemuehl (1967) reported

from
amount of organic matter
organic matter present on

The
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quickly and released nutrients are leached from the upper

strata by rain (Burns & Hebb, 1972). The soils also

contain less than 10 per cent silt and clay. The loose, sandy

soils produce much heat by reradiation ; this affects micro-

atmospheric temperature and a concomitant increase in

evapotranspiration of surface moisture is likely. The sub-

surface temperatures of soils are kept low by the reradia-

tion of heat and this tends to conserve available water.

METHODS

The vegetation of the sandhills was analyzed by the

quarter method of Cottam and Curtis (1956). After gen-

eral reconnaissance in the study area, two representative

sites were selected for intensive study. A total of 50 points

(25 at each site) was sampled. Trees over four inches

d.b.h. and saplings under four inches d.b.h. were scored,

and shrubs and herbs were collected within the study area

several times during the growing season. Tree seedlings

sam
successional trends. A LaMotte soil test kit was used tc

check soil samples for pH. Voucher specimens were col-

lected and deposited in the Columbus College Herbarium

RESULTS

Information obtained by the quarter method of sampling

is presented in Table 1 and the categories of Cottam and

Curtis (1956) are used. The number of trees over four

inches d.b.h. and the number of saplings under four inches

d.b.h. are shown along with the following values for the

trees and saplings: relative density, relative dominance,

relative frequency, and importance values. The sandhill

vegetation is dominated by turkey oak (Quercus laevis).

Of the 200 trees scored, 175 were turkey oak, and of the

200 saplings scored, 159 were turkey oak. The importance

values for turkey oak trees and saplings are 239.6 and

220.2 respectively out of a possible 300. Scrubby post oak

(Q. margaretta Ashe) and bluejack oak (Q. incana Bartr.)

are species of secondary importance. Of the 200 trees
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sampled, only six were longleaf pine (Pinus palustris

Mill.) ; no longleaf pine saplings were scored in the quarter

method. However, longleaf pine seedlings and saplings

were observed along the edges of the scrub oak stands and
in the areas where the oak canopy had been disturbed.

Nyssa sylvatica Marsh, and Diospyros virginiana L. are

broad-leaved taxa of lesser importance.

The shrubs associated with the scrub oak stands are

numerous. The most abundant species are : Asimina parvi-

flora (Michx.) Dunal, Comas florida L., Crataegus flava

Aiton, C. uniflora Muenchh., Gaylussacia dumosa (Andrz.)

T. & G., Myrica cerifera L., Primus angustifolia Marsh.,

P. serotina Ehrhart, Rhus copallina L., R. toxicodendron

L., Rubus cuneifolius Pursh, Sassafras albidum (Nutt.)

Nees, Vactinium arboreum Marsh., V. stamineum L., and
V. tenellum Aiton. Species of Crataegus, Vaccinium, and
Rhus are the most common. Myrica cerifera is not as

common on the sandhills as it is in the adjacent loblolly-

shortleaf pine forests; it is found only in open areas that

are lower and more mesic than the high, dry sites.

Herbaceous plants are present on the sandhills, but are

not especially numerous. Duke (1961) stated that the

grasses, composites, and legumes were the best represented

groups on the xeric, sandy ridges. Species noted within

these families include Aristida stricta Michx., Andropogon
scoparius Michx., A. ternarius Michx., A. virginicus L.,

Panicum spp., Erigeron strigosus Michx. ex Willd., E.

canadensis L., Krigia virginica (L.) Willd., Liatris secunda

Ell., L. tenuifolia Nutt., Vernonia angustifolia Michx.,

Baptisia cinerea (Raf.) Fernald & Schubert., B. perfoliata

(L.) R. Brown, B. tinctoria (L.) R. Brown, Lespedeza

spp., and Tephrosia virginiana (L.) Pers. Other common
xerophytic herbs are Yucca filamentosa L., Asclepias humi-
strata Walt., Cnidoscolus stimulosus (Michx.) Engelm.
and Gray, and Lithospermum caroliniense (J. F. Gmelin)

MacM. Ferns present include Asplenium platyneuron (L.)

Oakes, Polystichum acrostichoides (Michx.) Schott, and
Pteridium aquilinum (L.) Kuhn.
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DISCUSSION

The vegetation of the Georgia fall-line sandhills is much
*' v >

like that of the turkey oak barrens of the Carolinas de-

scribed by Duke (1961). In Talbot County, turkey oak

dominates the vegetation and longleaf pine persists along

the edges of the stands and in open areas. The scattered

longleaf pines are reproducing by seed as evidenced by the

number of young seedlings and saplings present, but the

almost complete occupation by scrub oaks has prevented

their re-establishment. The dense root systems of the scrub

oaks and woody shrubs prevent the development of long-

leaf pine roots, while the diminished quality of light reach-

ing the ground through the canopy of oaks and shrubs

retards the growth of longleaf pine seedlings. The ex-

clusion of fire on the sandhills has also added to the decline

of longleaf pine.

In the Carolinas, the presence of Quercus incana, Q.

margaretta, and Q. marilandica indicate more mesic forest

conditions than does dominance by Q. laevis (Duke, 1961).

The turkey oak stands in the western portion of Georgia,

therefore, suggest more xeric conditions than the Carolina

sandhills and a greater similarity to the Florida scrub oak

areas. The number of turkey oak saplings indicates the

species will maintain its dominance and not be replaced by

the more mesophytic oaks.
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A CYTOTAXONOMIC STUDY
IN SOME SPECIES OF DROSERA

Katsuhiko Kondo

mi
wide distribution, consists of approximately ninety species.

About sixty species are concentrated in Australia. The
basic classification of the family was established by Diels

(1906) under the Englerian system. Behre (1929) tried

among-

methods
from Dionaea Ellis, Drosera. and Drosovhvlhim

wi
family. Although chromosome studies of some Drosera
species have been made by various authors (e.g., Rosen-

berg, 1903, 1904, 1909; Shimamura, 1941; Wood, 1955;

Kondo, 1966, 1969, 1970, 1971a, 1971b, 1971c, 1973), many
more chromosome data are necessary to justify Diels'

classification of the Droseraceae biosystematically, and to

clarify species relationships.

The chromosome numbers of six species of Drosera are

here reported for the first time. Two cytotypes of Drosera
spathulata Labill. listed here differ from those which have
been published previously (Kondo, 1971b). Also, cytotax-

onomic relationships in Drosera are reviewed and dis-

cussed in relation to Diels' classification of Drosera (1906).

MATERIALS AND METHODS

Materials used in this study were acquired from the

following sources:

Drosera cuneifolia L. f. — cultivated by J. A. Mazrimas,
Livermore, California (native to Capeland, South Africa).

The voucher specimen is deposited in the Herbarium of

Kondo Collection, Nagoya.

1Present address: Botanical Institute, Faculty of Science, Hirosh-
ima University, Higashi-Senda-Machi, Hiroshima 730, Japan.

532
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Drosera gigantea Lindl. Mazrimas

(native to Western Australia, Australia). The voucher

specimen is deposited in the Herbarium of Kondo Collec-

tion, Nagoya.

Drosera hamiltonii C. Andrews— cultivated by J. A.

Mazrimas (native to Western Australia). The voucher

specimen is deposited in the Herbarium of Kondo Collec-

tion, Nagoya.

Drosera neocaledonica Hamet— cultivated by J. A. Maz-

rimas (native to New Caledonia). The voucher specimen

is deposited in the Herbarium of Kondo Collection, Nagoya.

Drosera petiolaris R. Br.—cultivated by J. A. Mazrimas

(native to Western Australia, Northern Territory, and

Queensland, Australia, and New Guinea). The voucher

specimen is deposited in the Herbarium of Kondo Collec-

tion, Nagoya.

Drosera spathulata Labill. The Kanto cytotype— Ichi-

miya, Ichimiya-cho, Chosei-gun, Chiba Prefecture, Kanto

District, Japan (collected by S. Mori, s.n., May 1973;

sent by I. Kusakabe, Tokyo). The Yakushima cytotype

Yakushima Is., Kyushu District, Japan (collected by K.

Suzuki, date unknown; sent by I. Kusakabe). The voucher

specimens are deposited in the Herbarium, Department of

Botany, The University of North Carolina, Chapel Hill

(NCU).

Drosera adelae F. Muell— cultivated by D. E. Schnell,

Statesville, North Carolina (native to a small area in

Queensland, Australia) . The voucher specimen is deposited

in the Herbarium of Kondo Collection, Nagoya.

Root tips were fixed in Farmer's fluid. Chromosome
preparations were made by the acetocarmine squash

method. The symbols for the karyotype descriptions for

Drosera are as follows: L = long chromosomes (longer

than 2.5 ^m), M = medium chromosomes (2.4-1.0 ^m),

S = short chromosomes (shorter than 1.0 /xm), and sm
submedian constrictions.
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Fig. 1-7. Somatic chromosomes (x ca. 1450) of six species of

Drosera: 1. Drosera cuneifolia L. f. (2n= 32); 2. Drosera gigdntea

Lindl. (2n= 28); 3. Drosera hamiltonii C. Andrews (2w 28);
m

4. Drosera petiolaris R. Br. (2n=12); 5. Drosera spathulata Labill.

(Kan-to cytotype; 2n= 40); 6. Drosera spathulata Labill. (Yaku-
shima cytotype: 2n= 40): 7. Drosera adelae F. Muell. (2n 28).
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RESULTS AND DISCUSSION

Drosera cuneifolia has the somatic chromosome number

2n = 32 (Fig. 1). The karyotype of the species is K
(2n = 32) = 32S. Most of the chromosomes are the same

in size (Fig. 9). Since the karyotype of the species is

symmetrical in the tetraploid type, the basic chromosome

number of it may be x = 8. This species is placed in sub-

genus Rorella, section Rossolis, series Eurossolis (Table 1).

Species studied in this series show a basic chromosome

number x = 10, which is different from that of D. cunei-

folia (x = 8).

Drosera neocaledonica and D. spathulata are also placed

in the same section as the above. The karyotype of Drosera

neocaledonica is K (2n = 40) = 40S. Most of the chromo-

somes are the same in size. Two cytotypes of Drosera

spathulata (the Kanto cytotype, and the Yakushima cyto-

type) show the same somatic chromosome number: 2n =
40 (Fig. 5, 6). The karyotypes of both cytotypes of

Drosera spathulata are identical: K (2n = 40) = 40M.

The idiograms of Drosera spathulata (Fig. 13, 14) show
all the chromosomes for both cytotypes as essentially the

same in size. The karyotypes and chromosome numbers
presented here are the same as those reported for Aus-

tralian tetraploid Drosera spathulata. The karyotype

•symmetry indicates that these three cytotypes, the Kanto
cytotype, the Yakushima cytotype, and the Australian

tetraploid cytotype, have an autotetraploid origin. Among
the cytotypes of Drosera spathulata, the tetraploid cyto-

type might have the greatest distribution in Asia and
Australia. These karyotypes and chromosome numbers
are quite different from those of the Kansai cytotype of

Drosera spathulata, in which K (2n = 60) = 18L + 42S
(Kondo, 1973). The Kansai cytotype of Drosera spathu-

lata might be an allohexaploid. Thus, in Japan there are

three cytotypes of Drosera spathulata, the Kansai cytotype,

the Kanto cytotype, and the notable Kobayashi's D. spathu-
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8 DROSERA ADELAE

9 DROSERA

I

10 DROSERA

CUNEIFOLIA

GIGANTEA

11 DROSERA HAMILTONII

12 DROSERA PETIOLARIS

2

1 H

13 DROSERA SPATHULATA (KANTO TYPE)

14 DROSERA
Fig. 8-14. lograms

SPATHULATA (YAKUSHIMA IS)

of six species of Drosera: 8. Drosera adelae

F. Muell; 9. Drosera cuneifolia L. f. ; 10. Drosera gigantea LindL;

11. Drosera hamiltonii C. Andrews; 12. Drosera petiolaris R. Br.;

13. Drosera spathulata Labill. (Kanto cytotype); 14. Drosera spathu-

lata Labill. (Yakushima cytotype).
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lata of hybrid origin (Kobayashi, 1950). The basic chro-

mosome number x = 10 is typical of series Eurossolis.

Drosera gigantea, D. hamiltonii, and D. adelae show the

same somatic chromosome number 2n = 28 (Fig. 2, 3, 7).

The karyotypes of the three species are as follows :
Drosera

gigantea, K (2n = 28) = 2Msm + 4M + 22S; D. hamil-

tonii, K (2n = 28) =28S; and D. adelae, K (2n = 28)

14M
chromosome numb

same

each is of a distinct series. The karyotype of Drosera

gigantea, which is symmetrical (Fig. 10) as a diploid,

suggests it is a diploid series originating from an allo-

tetraploid form, and its basic chromosome number might

be x = 14. The basic chromosome number of Drosera

o-ht bp x = 7. since its karyotype is symmetri-hamiltonii might be x = 7, since its karyotype is i

cal (Fig. 11) as a tetraploid. Drosera adelae shows a very

symmetrical karyotype as a diploid (Fig. 8) , and its basic

chromosome number might be x = 14, instead of x = 7.

Drosera indica, which is closely related to D. adelae, has

fourteen bivalent chromosomes in meiosis (Kondo, 1966).

This evidence suggests that the basic chromosome number

for both Drosera adelae and D. indica might be x = 14.

Thus, Drosera gigantea is placed in subgenus Ergaleium,

section Polypeltes, for which the basic chromosome num-

bers 8, 10, 13, and 14 have been reported; D. hamiltonii,

in .subgenus Rorella, section Stelogyne, which has the re-

ported basic chromosome number x = 7 (or 14) ;
and D.

adelae, in subgenus Rorella, section Arachynopus, which

has thp renorted basic chromosome number x = 14.

12; K (2n = 12) = 12L)

chromosomes
rer been seen

genus Drosera, and the somatic chromosome number is

2n = 12 (Fig. 4), which is the lowest number in the genus.

This is interesting because this number is the same as that

of Drosophyllum lusitanicum Link, of the Droseraceae

(2n = 12; Rothfels, et aZ., 1968).
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Table I. chromosome numbers
classification of Drosera

Taxa

Drosera

Subgenus I. Rorella DC.
Section I. Psychophila Planch.

Section II. Bryastrum Planch.

Section III. Lamprolepis Planch.

Section IV. Thelocalyx Planch.

Section V. Coelophylla Planch.

Section VI. Arachynopus Planch.

Section VII. Rossolis Planch.

Series I. Eurossolis Diels

Series II. Lasiocephala Planch.

Section VIII. Stelogyne Diels

Section IX. Phycopsis Planch.

Subgenus II. Ptycnostigma Planch.

Section X. Ptycnostigma Planch.

Subgenus III. Ergaleium DC.
Section XL Polypeltes Diels

Section XII. Erythrorrhiza Planch.

Basic

chromosome
number

10

unknown
unknown
10

unknown
14

8,10

6

7

8

unknown

8, 10, 13, 14

7 or 14

Table I shows the basic chromosome numbers reported

for the sections and series in Diels' classification of Dro-
sera. The basic chromosome number x = 10 is more com-
mon, being found in four of the sections studied and in a

polyploid series in Drosera. Although Drosera cuneifolia

is placed in subgenus Rorella, section Rossolis, series Eu-
rossolis, which is mostly a polyploid series with the basic

chromosome number of ten, it has the somatic chromosome
Thus, the chromosome number of Dro-32.number 2n =

sera cuneifolia might have originated from the basic

chromosome number of ten by some kind of chromosome
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aberration (2n = 30 + 2). Subgenus Rorella, section Ros-

solis, series Lasiocephala is represented by Drosera petio-

laris, which has the lowest chromosome number, 2n = 12,

and larger chromosomes in size than those of any other

species in the genus. However, this suggests that this

species might be the most primitive species in the genus.

The basic chromosome number x = 7 is found in one sec-

tion, subgenus Rorella, section Stelogyne, which is closely

related to section Rossolis. The basic chromosome number
x = 7 might have originated from x = 6. In contrast, the

section Arachnopas, which is considered to be morphologi-

cally more primitive than some other sections, has the

basic chromosome number x = 14 which might have origi-

nated as an allotetraploid form ; in other words, the basic

chromosome number x = 14 might result from a hybrid

origin (8 + 6).

Drosera pedata Pers. has the somatic chromosome num-
ber 2n = 32 and the basic chromosome number x = 8.

This binomial is a synonym of Drosera binata Labill. which

belongs to subgenus Rorella, section Phycopsis (Diels,

1906). The somatic chromosome number of Drosera binata

is 2n =46 which is quite different from that of D. pedata.

However, the somatic chromosome number 2n = 46 of

Drosera binata might be the result of a hybrid origin

(Sato, 1948; 32 + 16) and reduction (Kress, 1970; 48-2).
Thus, the basic chromosome number of section Phycopsis

might be x = 8. Sato (1948) also states that the chromo-

some number of Drosera regia Stephens (2n = 34) might

be of hybrid origin, but it would be more natural to con-

sider that the chromosome number of D. regia might have

originated from chromosome doubling (8X2 = 16) and
increase (16 + 1 = 17) since hybridization between D.

regia and other species is almost impossible. Subgenus
Ergaleium, section Polypeltes which has various basic

chromosome numbers (x = 8, 10, 13, 14), indicates this

group might not be stabilized yet, with aneuploidy more
common than in the other groups. The basic chromosome
number x = 14 might be an allotetraploid source, and
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x = 13 might have originated from 14 by chromosome re-

duction.

Additional cytological observations of other species of

Drosera could be expected to improve our concept of the

interrelationships among species of Drosera.
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NEW SPECIES OF PANICUM (GRAMINEAE)
FROM MOLOKAL

HAWAIIAN PLANT STUDIES 42

Harold St. John

On the north shore of Molokai Island, Hawaiian Islands,

at Moomomi, there is a charming sandy beach. Since the
trade winds sweep from the sea across the beach, dry sand
grains are blown inland. Behind the beach they have
formed an extensive area of sand dunes. Also the sands
have been blown two miles inland and upland to the south-
west to the divide at 600 feet altitude, and two miles
beyond it down the western slope. Well inland the smaller
dunes are more or less stabilized and the geologists call

them consolidated calcareous dunes. All of this area is

interesting botanically, and in it the native beach and
psammophytic floras are well preserved. The present paper
adds one species to its flora.

Gramineae

Panicum moomomiense sp. nov. (Fig. 1).

Diagnosis Holotypi: Plantae aggregatae vel solitariae

(aspectu herbae annuae) 4-14 cm altae, erectae plerumque
basi ramosae culmis simplicibus (raro supra ramosis) ; in-

mm longa adpresse adscendente albo-pilosula
vaginae 8-23 mm longae nervis multis parallelis elevatis
glabris sed intervallis adscendente albo-puberulis ; ligula

albo-pilosa ad margines pilis 2 mm longis, ad centrum pilis

0.3-0.4 mm longis; folia basalia laminis 23-25 mm longis;
folia caulina laminis 13-37 mm longis 0.8-1 mm latis sed
forte involutis et primo viso 0.3-0.4 mm latis, supra dense
adscendente albo-pilosa infra nervis parallelis glabris sed
intervallis minutissime adscendente albo-puberulis; panic-
ula terminalis 1.3-2.5 cm longa 2-3 mm lata exserta et 8-38
spiculas ferens, ramis paucis adpresse adscendentibus

;

rhachis rami et pedicelli adscendente albo-pilosi; pedicelli

0.5-3 mm longi; spiculae 1.2-1.5 mm longae glabrae

542
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Fig. 1. Panicum moomomiense St. John, from holotype. a, habit,

X 1 ; b y
inflorescence, X 4 ; c, tip of sheath, ligule, and base of blade,

X 10; d, spikelet, X 15; e, first glume, X 15; /, second glume, X 15;

g, sterile lemma, X 15; h, fertile lemma and palea, X 15.
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ellipsoideae acutae; gluma prima 1.2-1.4 mm longa, alias

bracteas florales paulo excedens, ovata 5-nervosa nervis 3

centralibus elevatis obscure viridibus apicem forte attin-

gentibus apiceque convergentibus et latere quoque nerva

subtili apicem non attingenti; gluma secunda 0.9-1 mm
longa ovata 7-nervosa; lemma sterilis 0.8-0.9 mm longa

elliptica indistincte 5-nervosa ; lemma fertilis 0.8 mm longa

elliptica cartilaginea involuta 7-nervosa; palea 0.7-0.8 mm
longa elliptica cartilaginea pallida ; antherae 0.4 mm longae

aurantiacae; stigmata obscure purpurea.

Diagnosis of Holotype: Plants in small tufts or single,

(and appearing like an annual), 4-14 cm tall, erect, mostly

several branched at base and the culms simple, (rarely

branched above) ; internodes 6-32 mm long, appressed

ascending white pilosulous; leaf sheaths 8-23 mm long,

enclosing and concealing the culm, with numerous par-

allel raised glabrous nerves, but the concave intervals

white ascending puberulous; ligule white pilose, at the

margins with hairs 2 mm long, pilosulous, and the center

with hairs 0.3-0.4 mm long; basal leaves with blades 23-

55 mm long; cauline leaves with blades 13-37 mm long,

0.8-1 mm wide, but tightly involute and appearing 0.3-

0.4 mm wide, above densely ascending white pilose, below

with glabrous parallel nerves, but the intervals very mi-

nutely white ascending puberulous; panicle terminal, 1.3-

2.5 cm long, 2-3 mm wide, exserted, bearing 8-38 spikelets,

the few branches appressed ascending; rhachis, branches,

and pedicels ascending white pilose; pedicels 0.5-3 mm
long; spikelets 1.2-1.5 mm long, glabrous, ellipsoid, acute;

first glume 1.2-1.4 mm long, slightly exceeding the other

floral scales, ovate, 5-nerved, the 3 central ones raised, dark

green, running strongly to and converging at the apex, on

each side with one more lateral nerve, weak and not reach-

ing the apex; second glume 0.9-1 mm long, ovate, 7-nerved;

sterile lemma 0.8-0.9 mm long, elliptic, faintly 5-nerved;

fertile lemma 0.8 mm long, elliptic, involute, 7-nerved, car-

tilaginous; palea 0.7-0,8 mm long, elliptic, cartilaginous,

pale; anthers 0.4 mm long, orange; stigmas dark purple.
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Holotypus : Hawaiian Islands, Molokai Island, Moomomi
limestone sand dune, 1 mile s. w. of beach, Jan

Noah Pekelo Jr. 18 (bish).

Specimens Examined : Hawaiian Islands, same

1, 1973, Pekelo 8 (bish). Uio Pt., sandy grave

Pekolo 30 (bish).

2/28/74

m
Panicum Fauriei Hitchc. of Molokai and Hawaii, a species

with the culms puberulent, branched at all the nodes, 10-

15 cm tall; ligule a ciliate membrane with hairs nearly

1 mm long ; cauline blades 2-5 cm long, flat or more or less

involute, above appressed villous, below appressed hispidu-

lous; spikelets 2 mm long; first and second glumes equal,

lanceolate; second glume 5-nerved; sterile lemma 1.4 mm
long, 5-nerved; fertile lemma 1.5 mm long. P. moomomi-

culms ascendiner pilosulous, 4-12 cm
margins

mm
mm cm
spikelets 1.2-1.4 mm long; first glume 1.2-1.4 mm long,

ovate; second glume 0.9-1 mm long, ovate, 7-nerved; sterile

lemma 0.8 mm long, 7-nerved; fertile lemma 0.8-0.9 mm
long.

The writer has been unable to find a published section of

the genus with characters that would include those of this

species.

The new epithet is formed from the name of the type

locality, Moomomi, and -ense, the Latin adjectival place

ending.

b. p. bishop museum
honolulu, hawaii 96818

»

>



BAUHINIA LUNARIOIDES: A MISAPPLIED NAME

Richard P. Wunderlin

Torrey (1859) described what he believed to be a new
species of the caesalpinioid legume genus Casparia based

on a fragmentary specimen collected by C. C. Parry from

Mexico during the United States and Mexican boundary

survey. His brief description is as follows: Casparia, n.

sp.? Rocky hills near Santa Rosa, Chihuahua; Parry. An
erect shrub, 2-3 feet high. Branches slender, flexuous,

smooth. Leaflets distinct to the base, semiovate, very ob-

tuse. 3-nerved, very smooth. Pods (old and imperfect)

about 2 inches long and one-third of an inch ivide.

Nineteen years later Watson (1878) published a manu-
script name of Asa Gray, Bauhinia lunarioides, citing

Torrey's description. This constituted valid publication of

a new species of Bauhinia.

Recently a specimen was located in the Gray Herbarium
which I have determined to be the holotype of Bauhinia

lunarioides Gray ex Watson. The specimen consists of a

sterile and apparently juvenile branch with fragments of

an old fruit in the attached packet. The sheet, I believe,

is unquestionably that from which Torrey wrote his de-

scription of the species. Label data written in pen with

black ink conforms in part to that given by Torrey in his

description : Rocky hills near Santa Rosa, Jany [sic, Janu-

ary] 1853. A shrub 2-3 feet high. Only vestiges of pods

were found. In the upper right corner of the label written

in the same manner as the above is the number 2901a and

written in pencil near the top of the label in apparently the

same hand is found : Caspavea [sic] , n. sp.— Torr. Com-
parison of handwriting on manuscripts at the Missouri

Botanical Garden indicate that it appears to be that of

C. C. Parry. However, written on the label in pencil and
in an unknown hand is the name Bauhinia. Also written on

1Contribution no. 91 from the Botanical Laboratories of the Uni-

versity of South Florida, Tampa.
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the sheet in pencil in a second unknown hand is B. lunari-

oides Gray juvenile and near the label and in pen with blue

ink is Coahuila: MEXICO. Although a comparison of

handwriting in the manuscript collection at the Missouri

Botanical Garden did not reveal the identity of either of

the latter two handwritings, all other evidence indicates

cimen

Wats
The species represented by the type specimen of Bau-

hinia lunarioides Gray ex Wats, is that which is going

under the currently accepted name of Bauhinia congesta

(Britt. & Rose) Lundell. The latter name must therefore

be replaced with the earlier name B. lunarioides. The
complete synonymy for this species is as follows:

Bauhinia lunarioides Gray ex Wats., Bibl. Ind. N. Amer.
Bot. 205. 1878. TYPE: Mexico: Coahuila: Parry
2901a (Holotype: gh).

N. Amer
Mexico (Holo-

type: us; Isotypes: le, ny, p, vt).

Casparia jermyana Britt. in Britt. & Rose, N. Amer.
Fl. 23: 211. 1930. TYPE : United States: Texas:

Jermy s.n. (Holotype: NY).

Bauhinia congesta (Britt. & Rose) Lundell, Phyto-

logia 1:214. 1937.

Bauhinia jermyana (Britt.) Lundell. Phytologia 1:

214. 1937.

Further confusion was brought about by Britton and
Rose (1930) when they subsequently described an entirely

different species of Bauhinia which they unfortunately

named Casparia lunarioides, again using a Gray manu-
script name. These workers then compounded the con-

fusion by incorrectly placing Bauhinia lunarioides Gray
ex Wats, in synonymy under their new species. Casparia

lunarioides Gray ex Britt. & Rose is now correctly placed

in synonymy under Bauhinia macranthera Benth. ex Hemsl.

and the complete synonymy for this species is as follows:
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Bauhinia macranthera Benth. ex Hemsl., Diag. PI. Nov.

49. 1880. TYPE: Mexico: Hidalgo: Coulter s.n.

(Holotype: k, not seen).

Bauhinia retifolia Standi., Contr. U.S. Nat. Herb. 23:

416. 1922. TYPE: Mexico: San Luis Potosi: Pur-

pus 5268 (Holotype: us; Isotypes: f, mo, NY, uc).

Casparia lunarioides Gray ex Britt. & Rose, N. Amer.

Fl. 23: 212. 1930. TYPE: Mexico: Nuevo Leon:

Pringle 2529 (Holotype: us; Isotypes: a, f, gh,

mo, NY, p, uc, vt).

Casparia macranthera (Benth. ex Hemsl.) Britt. &
Rose, N. Amer. Fl. 23: 212. 1930.

Casparia retifolia (Standi.) Britt. & Rose, N. Amer.

F1.23:213. 1930.

Bauhinia macranthera var. grayana Wunderlin, Phy-

tologial5:53. 1967.

My first interpretation of Bauhinia macranthera, based

m
var. maci

%/ 7

inthera and var. grayana. However, in recent

field studies of this species I observed that the character-

corn

Thus I now recognize only a single taxon.
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TWO MEMBERS OF THE RUBIACEAE
NEW TO OHIO 12

E. Lucy Braun

Hau
mentionedceae of Ohio" (1964) I have found two taxa not

there— a Galium and a Houstonia.

Galium pedemontanum All. is a small inconspicuous

European species with tiny yellow flowers and leaves in

four's. The three more recent manuals— Fernald (1950),

Gleason (1952), and Gleason and Cronquist (1963) — cite

West My
specimen, from a grassy area in Anderson Township,

Hamilton County, adds another state to the known range.

I have also found it in Carter Caves State Park in Ken-

tucky.

Representative specimens: Kentucky: carter co., Carter Caves

State Park, dry slope (recently disturbed) above lake, May 21, 1964,

Braun 4957 (us); same, May 20, 1964, s.n. (us). Ohio: Hamilton

CO., Newtown Road, Anderson Township, in grass, June 1, 1964,

Braun, s.n. (us). (Additional vouchers are deposited at GH and ny.)

Although Houstonia setiscaphia L. G. Carr is reduced to

synonymy with H. canadensis Willd. (Terrell, 1959), it

seems desirable to note the occurrence of this plant in

Ohio. from

Virginia, the type locality, where it grows in "calcareous

barrens and glades," and from adjacent Scott County

(Natural Tunnel), where it was found clinging in crevices

of limestone. Lee County occupies the extreme western

angle of Virginia, and is in the Ridge and Valley Province

of physiographers, near the eastern boundary of the Ap-

palachian Plateau Province; the lower lands are limestone

flats where rock may be exposed on the surface.

1Communicated by Dr. Margaret Fulford.

2The editor thanks Dr. F. Raymond Fosberg for supplying the

specimen citations.

3Deceased March 5, 1971.

549



550 Rhodora [Vol. 78

Our Ohio specimens, from Adams County, occur in a

comparable situation— in the narrow band of Knobs along

the western border of the Appalachian Plateau, the part

referred to as Unglaciated Allegheny Plateau. The plant

community in which H. setiscaphia occurs can be called

cedar barrens, or open rocky xeric prairie. The plants are

usually in the more open spots, rarely in crevices of very

low cliffs. The exposed rocks are Peebles dolomite (Sil-

urian).

Representative specimens: Ohio: adams CO., Lynx Prairie Pre-

serve, open bare spots in prairie where dolomite at surface, May 20,

1967, Brawn, s.n. (us) ; same, June 27, 1966, Braun, s.n. (us)

;

"Lynx", Sept. 4, 1931, Braun, s.n. (us) ; Beaver Pond, open shale

slopes, no date, Braun, s.n. (us) ; Peach Mt., oak woods, shale slope,

May 20, 1924, Braun, s.n. (us).

Although similar to typical Houstonia canadensis, which
also occurs here, H. setiscaphia is readily spotted in the

field, both at initiation of flowering and later, because of its

different aspect. Closer inspection reveals characters by
which it differs: conspicuously scabrous or hispid angles

stem, denser inflorescence, hispid calvx, smaller

mor

Houstonia
H

characters between them. Because the two taxa occur in

the same community in Adams County, ecotypical varia-

tion may be ruled out.

A specimen from the Lynx Prairie Preserve (a Natural
Landmark), sent to the Gray Herbarium, Harvard Uni-
versity, was compared with the type by Reed C. Rollins

who states "I have compared your material with the type

. . . and the specimens match very well."

The whole Houstonia purpurea species-complex, to which
H. canadensis and H. setiscaphia belong, is made up of

closely related and variable (sometimes intergrading)

species. Houstonia setiscaphia may (perhaps correctly) be
considered as only a variant of H. canadensis; however, its

occurrence in Ohio should be noted in order that the geo-

graphic occurrence of these taxa may be studied further.
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THELYPTERIS LIMBOSPERMA IN

EASTERN NORTH AMERICA

Andre Bouchard and Stuart G. Hay

Thelypteris limbosperma (All.) H.P. Fuchs was collected

for the first time in eastern North America, on the west

coast of Newfoundland, in July 1973. The fern was found

growing along small streams in an open forest of Abies

balsamea, in the tablelands of the Long Range Mountains.

The species, widely distributed in the northern hemi-

from

America. In North Ame
om

the Aleutian Islands) to southeast British Columbia and

Mts. of central Washington (Hitchcock et al.,

1969).

>n is more complex. The species

_ orth Western Europe extending

from southern Sweden to the western Ukraine and south

to Central Italy and the Pyrenees (Tutin et al., 1964). In

)lated localities in Siberia (Hul-from
from

sula to Honshu (Japan) — (refer to distribution map,

Hulten, 1962).

Botanical and geological studies, subsequent to Fernald's

proposal (1925) of unglaciated "nunatak" zones in north-

eastern North America, have been critical of this hypoth-

esis whereby disjunct populations survived in refugia.

Alternatively, if we presume that Newfoundland was

completely glaciated during the Pleistocene and that all

vegetation was destroyed, this population of Thelypteris

limbosperma may be regarded as a postglacial introduc-

tion. Considering the isolation of the population and the

absence of other localities in eastern North America, it may
be concluded that the species was not introduced by man
but instead owes its origin to long-distance dispersal from

552



1976] Thelypteris— Bouchard & Hay 553

either a Eurasian, a western North American, or a now
extinct eastern North American population.

specimens: Thelypteris limbosperma (All.) H. P. Fuchs, St. Barbe
South District: Heather Pond (P113) ; open Abies balsamea forest

on wet slope with Rhododendron canadense and Rubus chamaemorus.

Lat. 49° 46' N, Long-. 57° 33' W., alt. 1650'. July 14, 1973. Bouchard
and Hay 73-507, (bh, can, dao, gh, mt).
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DELPHINIUM VIRESCENS IN ALABAMA

Jerry M. Baskin and Carol C. Baskin

Delphinium virescens Nutt. (Ranunculaceae) is a poly-

carpic, herbaceous perennial that occurs throughout a large

portion of the prairies and plains of the United States and

extends into Manitoba, Canada (Ewan, 1945; Fernald,

1950; Gleason and Cronquist, 1963). Weaver and Fitz-

patrick (1934) list it as a characteristic species of both

upland and lowland prairies. In addition to its wide geo-

graphical distribution in the North American Grasslands,

disjunct populations of the species occur in the cedar glades

of central Tennessee (Quarterman, 1950; Baskin et ah,

1968; Baskin and Baskin, 1974) and northwestern Georgia

(Baskin et al, 1968).

Apparently Delphinium virescens has not been reported

from Alabama. It is not listed by Mohr (1901) in his

Plant Life of Alabama and neither Small (1933), Fernald

(1950), nor Gleason and Cronquist (1963) include Alabama

in their range descriptions of the species. In fact, Small

(1933) and Fernald (1950) do not list it as occurring in

the southeastern United States. Gleason and Cronquist

(1963) include Louisiana alone of the Southeastern states

in their range delineation. In a recent publication, which

included several new state records for plants in Alabama,

Krai (1973) made no mention of D. virescens.

The purpose of this communication is to report the oc-

currence of Delphinium virescens in Alabama. On 27 May,
1972, we found a small population of this species growing
in shallow, limestone soil in Jackson County in northern

Alabama (Baskin & Baskin 1317). The population is lo-

cated along U.S. 72, 0.4 mile east of its intersection with

Ala. 79. Plants associated with D. virescens at this locality

included: Arenaria patula Michx. var. patula, Senecio

smallii Britt., Agave virginica L., Croton monanthogynus
Michx., Houstonia lanceolata (Poir.) Britt., Ruellia humilis

Nutt., Ophioglossum engelmanni Prantl, Opuntia compressa

554
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Macbr.. Verbena simplex Lehn., Monarda fistulosa

Prunella

specimen of Delphinium virescens from

Alabama
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REDISCOVERY OF VAUCHERIA NASUTA
IN MASSACHUSETTS 1

E. E. Webber

The genus Vaucheria is one of the most frequently en-

countered of the numerous cryptogamic plants (Webber

& Wilce, 1971) common to New England salt marshes.

Its turf-like growth habit on both muddy and marine peat

substrates makes it a readily recognizable component of

the marine algal vegetation.

Despite its prevalence, only four species of Vaucheria

were known from the extensive tidal marshes in New
England prior to 1953. At this time, four additional

species were reported by Blum & Conover (1953) from
the Woods Hole (Massachusetts) area, bringing the total

number to eight. These eight species are: Vaucheria com-

pacta (Collins) Collins; V. litorea C. Ag. ; V. piloboloides

Thur. (see, however, Blum, 1972, p. 29) ; V. thuretii

Woron. ; V. arcassonensis Dangeard; V. coronata Nord.

;

V. intermedia Nord. ; and V. minuta Blum & Conover, as

a new species. Shortly thereafter, a second new Vaucheria

species, V. vipera Blum, was reported by Blum (1960)

from a marsh at Essex, Massachusetts. Subsequently, at

nearby Ipswich, the first record appeared (Webber, 1968)

for the occurrence of V. compacta (Collins) Collins var.

koksoakensis Blum & Wilce in the United States. This

taxon was described originally for the North American
continent from Labrador by Blum & Wilce (1958).

Thus, field and laboratory studies of Vaucheria species,

as they occur in the extensive salt marshes of New Eng-
land, continue to be fruitful areas of investigation for the

marine botanist.

Within the past few months, this statement was reaf-

firmed with particular interest. In July, 1973, I visited a

Contribution No. 28 from the Marine Science Institute, Nahant,
Mass. The author appreciates the comments of Dr. J. L.

preliminary reading* of this manuscript.

Blum
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marsh adjacent to Jones Creek along the Annisquam River,

Gloucester, collecting- especially for marine Cyanophyta

and Vaucheria.' Samples of the latter were taken from

beneath a very dense cover of Spartina patens in the upper

littoral portion of the marsh. In early September, 1973,

I made additional collections of Vaucheria mats, this time

at a marsh at the intersection of Crafts Rd. and State

Rt. 128, Gloucester. The plants here formed a distinct line

of growth at the Spartina alterniflora-Spartina patens

interface, inhabiting not only the mud, but frequently

growing upon the previous year's leaves and culms of

S. alterniflora. Samples from both sites were maintained

temporarily in dim light of a cold room (16°C.) at the

Marine Science Institute.

On September 13, the Vaucheria plants, still vegetative,

were returned to Keuka College for culturing. The con-

ditions under which these samples were grown were
:
Erd-

Schreiber medium (Provasoli, et al., 1957), a 14/10 LD
cycle at approximately 75-100 f.c, and a temperature of

15°C. Under these conditions, reproductive structures

were apparent within a month, and species identification

was possible.

The plants from both sites in Gloucester were readily

recognizable as Vaucheria nasuta Taylor & Bernatowicz,

described originally from Bermuda (Taylor & Bernatowicz,

1952). A few years later, Bernatowicz (1958) published

what appears to be the first account of this species in the

United States. He located V. nasuta at the Barnstable

Marsh (Cape Cod) in Massachusetts, finding it ".sparingly

reproductive" in the field during August. Ott (personal

:ation) has determined this species from Northcommuni
Carolina, and Blum (1971) from

California salt marsh. Thus, to date, the known world

distribution of Vaucheria nasuta is from four somewhat

disjunct localities: Bermuda, North Carolina, Massachu-

setts and California.

*>Supported by a grant from the American Philosophical Society.
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3

2

5

1

Figures 1-5.

All figs. X430.

4

Vaucheria 'nasuta, cultured material, from Gloucester.

Although somewhat larger in dimensions, the Gloucester

plants agree generally with those measurements reported

for the original Bermudian material. Filament diameters,

both from field collections and from cultured plants, were
(32//.m) 43jum-51/Am (60ju,m). Vaucheria nasuta is mono-
ecious; the antheridia were usually scattered along the

length of the filaments, and not immediately adjacent to

the oogonia. In a few instances, however, they were clus-

tered about an oogonium, essentially in the manner shown
by Blum (1972, p. 41, Figs. 86-87). The male gametangia
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consistently tapered to the base, were expanded slightly

above, and measured 20-38/xm in width. At maturity, each

curved markedly toward the filament, notmm
infrequently assuming a circular configuration (Fig. 1).

Each antheridium is subtended by a hyaline basal cell

which is cut off just after this young reproductive struc-

ture begins its bending posture (Figs. 2, 3). I observed

one such basal cell which was divided as shown by Taylor

& Bernatowicz (1952, PL II, Fig. 13). Discharge of

antherozoids is effected either by a single terminal pore,

or, more commonly, by one lateral and one terminal pore

(Fig. 4). These pores are often slightly tubular. The

oogonia (to 175/*m long) are markedly beaked, and tend

to be appressed toward the filament. The somewhat

spherical oospores (15(Vm-200/mi) almost fill the oogonia

(Fig. 5).
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RANUNCULUS CYMBALARIA PURSH
VAR. ALPINUS HOOK.

Peter J. Scott

Ranunculus cymbalaria Piirsh var. alpinus Hook, was
described in 1829 by Sir Wm. J. Hooker from a specimen
"found by Mr. Drummond upon the Rocky Mountains"
(Hooker, 1829, p. 12). It was distinguished by its small
size, three-toothed leaf apices, and single-flowered scapes.

Hooker felt that this variety was so close to R. halophilus
Schlecht. that he reduced Schlechtendal's species to syn-
onymy under var. alpinus. The validity of this variety has
been under discussion since the early part of this century.
Fernald (1914, p. 162) suggested that this variety ' seems

m
unfavourable habitats nearly throughout the range." This
doubt as to the validity of the variety was also emphasized
by Benson (1948, p. 216). He said that "the status of the
variety is not wholly beyond question, since leaves of var.
alpina [alpinus] ] type develop at the beginning of growth
at each of the nodes of the stolons of the intermediate

ms ina
[alpinus] ."* He also suggested that "transplant experi-
ments would be significant." Variety alpinus was reported
by Benson (1948) from Alaska to Newfoundland in North
America and var. cymbalaria was reported from a similar
range and farther south.

Living specimens of var. alpinus were collected from
brackish estuaries at Main Brook on the Northern Penin-
sula and Stephenville Crossing in Newfoundland. All of
the leaves of these specimens were small (average 7 mm

mm mm
long. They were grown under the same environmental
conditions in the greenhouse at the University of Alberta,
Canada, with collections of Ranunculus cymbalaria var.
cymbalaria from Alberta. All of the plants were washed
free of soil after collection in the field, potted, and grown

iJienson, 1954. p. 363.
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under the same conditions of soil (2 loam: 1 peat: 1 sand),

light (daylight), temperature (20°C day, 17°C night), and

humidity (not controlled). The Newfoundland collections

grew as large or larger than the Alberta collections in all

respects. The leaves were an average of 18 mm long by
14 mm broad and the flowers were of the same size as var.

cymbalaria (petals about 4.5 mm long). Average measure-

ments of Albertan var. cymbalaria in the greenhouse were

:

leaves— 17 mm long by 15 mm broad and petals— 4.2 mm
long. In the field, the leaves of the Newfoundland speci-

mens were typical of var. alpinus. They were only three-

toothed at the apex and truncate at the base. After about

a year's growth in the greenhouse, these specimens pro-

duced leaves that were crenate to the decidedly cordate

base, and they were much larger in overall size. There

was no indication of reversion to the characters they had
under field conditions.

It is, therefore, proposed that Ranunculus cymbalaria
Pursh var. alpinus Hook, be considered a synonym of R.

cymbalaria Pursh.

Collections used in this study: Newfoundland: Main
Brook, Northern Peninsula, Maunder, Aug. 8, 1971 (alta);

Stephenville Crossing, Scott 1797 (alta). alberta: Medi-

cine Hat, Scott 1269 (alta) ; Long Lake, Scott 1676 (alta) ;

Nordegg, Scott 1480 (alta) ; Twin Butte, Scott 1417

(alta) ; Marwayne, Scott 1714 (alta) ; Cold Lake, Dumais
5456 (alta). Three plants were collected at each site.
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SYSTEMATICS OF PALAFOXIA
(ASTERACEAE :HELENIEAE) 1

B. L. Turner and Michael I. Morris

The genus Palafoxia was proposed by Lagasca (1816)

who applied the generotype to a plant originally collected

in "New Spain" and which Cavanilles (1794) had at first

termed Ageratum lineare and later (1797) Stevia linearis.

Cassini (1818) placed Palafoxia linearis in synonymy
under his own Paleolaria carnea which cannot be recog-

nized since Lagasca's earlier name has priority.

Since Cassini's work, Palafoxia has been split into as

many as three genera, although Bentham and Hooker

(1873), Hoffmann (1894), Cory (1946), and Shinners

(1949) recognized only the single genus. Polypteris was
proposed by Nuttall (1818) and subsequently sanctioned

by Gray (1884), Bush (1904), Rydberg (1914) and Balt-

zer (1944), the last three of whom also sustained Rafin-

esque's (1886) segregate genus, Othake.

In our opinion, Polypteris and Othake cannot be re-

tained apart from Palafoxia because they are too inextri-

cably bound as a phyletic group to be treated as segregate

genera. To place emphasis on putative diagnostic char-

acters such as comparative length of corolla parts and
phyllary texture, as was done by the several authors men-

supported, in part, by National Science Foundation Grant 29576X.
2Present address: Department of Botany, The University of Cali-

fornia, Berkeley, Calif. 94702.
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tioned, appears biologically unsound because it stresses

cryptic differences and ignores the presence of an over-

whelming multitude of morphological and cytological sim-

ilarities which collectively suggest that the three taxa

belong within the confines of a single generic unit.

In the present account, Palafoxia is treated as composed

of 12 species (and 6 varieties), 9 annuals and 3 perennials,

occurring mostly in sandy soils of southwestern United

States and Mexico, although P. feayi and P. integrifolia

are indigenous to Florida. While most of the taxa are

locally very common and widespread, six are rare and/or

endemic: P. reverchonii, P. hookeriana, P. arida var.

gigantea, P. riograndensis, P. texana var. robusta, and

P. lindenii.

GENERIC POSITION

Palafoxia has been classically treated as a member of

the tribe Helenieae and the sole representative of the sub-

tribe Palafoxianae. The phyletic affinities of Palafoxia

to other genera in the Helenieae are controversial (Turner

and Powell, 1977). Most workers recognize Palafoxia as

distinct from, but closely related to, Bahia, Florestina,

Hymenothrix, and Schkuhria, all members of the subtribe

Bahiinae. Turner's (1963) hypothetical diagram, illus-

trating the relative relationships of these 5 helenioid gen-

era, suggests that Florestina is the most closely allied

member of the Bahiinae to Palafoxia. However, we dis-

agree with Shinners' (1949, 1952) expanded concept of

Palafoxia which includes Florestina. Although the two
genera are quite similar with respect to habit and in-

florescence type, they differ markedly in certain floral

structures. The disc corollas of Palafoxia are regular, but

irregular in Florestina; the style branches of Palafoxia

are linear, revolute, and hispidulous whereas those in

Florestina are flattened with cuspidate appendages and
tend to be glabrous.
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In spite of the seemingly close relationship of Palafoxia

to Florestina, Turner and Powell (1977) reckon Palafoxia

to be sufficiently remote to be

shallia, as members of the subtr

tioned in the tribe Eupatorieae.

Ma

FLAVONOID CHEMISTRY

sam
of Palafoxia were analyzed for flavonoid content. Dried

leaves and stems of these samples were finely ground in a

Waring Blender and extracted at room temperature in cold

85% methanol (aq.) for 24 hours. The resultant crude

extract was subsequently concentrated, spotted on What-

man 3MM chromatography paper, and developed two-

dimensionally in tertiary bul

acid (HOAc) solvent systems.

(TBA) and acetic

om each of the plant sam

were found to be purple under UV light, but extremely

faint suggesting very low compound concentration. Fur-

thermore, the color of each spot changed to yellow-green

when subjected to ammonia and viewed under UV light.

With respect to spot color and also Rf values, each of the

observed flavonoids could be classified as being either fla-

vonol monoglycosides or diglycosides with hydroxyl func-

tions at both the 4' and 5 positions.

CHROMOSOME NUMBERS

Meiotic chromosome counts, available from 11 of 12

species and 4 of 6 varieties of Palafoxia, were found to be

n = 10, 11, and 12 (Table 1). Both meiotic and mitotic

material were stained with acetocarmine and all configura-

tions were quite clear. At diakinesis and metaphase I,

bivalents with two chiasmata were normally formed while

mitotic figures showed large well-differentiated chromo-

somes (Figs. 1-2). All of the 86 collections examined were

found to be diploid.
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Table 1. Collections of Palafoxia examined for chromosome number.

Species

P. arida var. arida

Locality and voucher* n

Ariz. Mohave CO.: T. 4787.

Ariz, yuma CO.: T. 475G.

Calif, imperial co. : T. 4758.

Calif, riverside co.: P.&S. 1383

Calif, imperial co. : R. 11506A.

Mex. baja calif. S & B. 298.

Mex. baja calif. P. & T. 1705.

Mex. BAJA CALIF. P. & T. 1730.

Mex. BAJA CALIF. P. & T. 1818.

Mex. sonora. R. 11677A

Mex. sonora. S. & B. 167a.

number

12

12

12

12

12

12

12

12

12

12

12

P. arida var. gigantca Calif, imperial co. : R. 12910A

Calif, imperial CO. : T. 4757.

Calif, imperial CO. : T. 4759.

12

12

12

P. callosa Tex. bandera CO.: T. 3840

Tex. fayette CO. : T. 4452.

Tex. Kendall CO. : T. 3834.

Tex. lampasas co. : T. 4587

Tex. llano CO. : T. 3483.

Tex. val verde CO. : T. 3252

Tex. val verde CO. : T. s.n.

Tex. coleman CO. : T. 48G0.

Mex. coaiiuila: P. et al. 1587

Mex. coaiiuila: P. et ah 1411Q

10

10

10

10

10

Tex. mc cullocii co. : Smith 232 (kanu) b 10

10

10

10

10

10

P. feayi

P. hookcriana

var. hookcriana

Fla. lake co.: T. 4663.

Fla. collier co. : Plettman & T. F-15

Tex. bastrop CO.: Smith 555 (kanu)b

(reported as P. sphacelata)

Tex. lavaca co. : T. 3273.

Tex. liberty co. : T. 4617.

Tex. Washington co. : T. 3917.

12

12

12

12

12

12

P. hookcriana var. minor Tex. freestone CO. : T. 4449

Tex. freestone co. : T. 4443

Tex. leon CO. : T. 4429.

Palafoxia intcgrifolia Fla. leon CO.: T. 4657.

12

12

12

12

Palafoxia lindenii Mex. Veracruz : King 2418 11
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Table 1 (continued)

Species Locality and voucher* n number

Palafoxia reverchonii Tex. ANDERSON CO. : T. 5743.

Tex. hendkrson co. : T. 5742

Tex. Houston CO. : T. 5746.

Tex. upsiiur CO. : King 2182.

Palafoxia riograndensis Mex. coahuila : Flyr 247.

Palafoxia rosea

var. macrolepis

Palafoxia rosea

var. rosea

Palafoxia sphacelata

Palafoxia texcina

var. ambigua

Palafoxia texana

var. texana

N. Mex. roosevelt CO.: T. 4720.

Tex. Andrews CO.: Melchert 228.

Tex. Andrews CO.: Melchert 225.

Tex. Cochran CO.: T. 4718.

Tex. fayette CO.: Smith 552 (kanu)b

(reported as P. integrifolia)

Tex. live oak CO. : Thompson & T. 12.

Tex. llano CO.: T. 2512.

Tex. MEDINA CO.: Johnston el al. 3438.

Tex. motley CO.: Tomb 148.

Tex. wilson CO.: T. 4423.

Tex. wilson CO.: Sullivan & T. 1.

Tex. freestone CO. : T. 4447.

Tex. GALVESTON co. : T. 3070.

Tex. leon CO. : T. 4437.

Mex. chihuahua: Stuessy 1115.

N. Mex. de baca co. : T. 5672.

N. Mex. lea CO.: T. 2945. (smu)

Okla. woods co. : Tomb 593.

Tex. crane co. : averett 213, 214C.

Tex. pecos co. : Watson 142

Tex. ward CO. : Melchert 251.

Tex. aransas co. : T. 5035.

Tex. hidalgo co. : T. 4481.

Tex. karnes co. : Z\ 5017.

Tex. nueces CO. : T. 3961.

Mex. coahuila: Flyr 236, 237.

Mex. coahuila: P. 501, 503, 519.

Mex. coahuila: Rock M-488.

Mex. coahuila: T. 2981, 6007.

Mex. NUEVO LEON :

McGregor 16752 (kanu).

Mex. tamaulipas: King 2209.

12

12

12

12

12

10

10

10

10

10

10

10

10

10

10

10

10

10

10

12

12

12

12

12

12

12

11

11

11

11

11

11

11

11

11

11
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Table 1 (continued)

Species Locality and voucher n number

Palafoxia texana

var. texana

Tex. atascosa co. : T. 4982.

Tex. frio CO.: Sullivan & T. 15.

Tex. frio CO. : Sullivan & T. 18.

Tex. frio co. : T. 4558.

Tex. hidalgo CO. : T. 4481.

Tex. hidalgo co. : Strother 82.

Tex. Medina CO. : T. 4561.

Tex. mc mullen CO. : Flyr 168.

Tex. starr CO.: T. 4512.

Tex. starr co. : T. 4501.

Tex. val verde co. : Melchert 263.

Tex. val verde co. : P. & Watson 1399Q
Tex. webb CO. : Melchert 272.

Tex. zavala CO. : T. 5001,

11

11

11

11

11

11

11

11

11

11

11

11

11

11

*Except where spelled out, collectors are abbreviated as follows:

R for Babcock; P for Powell; R for Raven; S for Sikes; T for

Turner. Unless specified, voucher specimens are deposited in TEX.

ARaven, P. H. and D. W. Kyhos, In: Am. J. Bot. 48:842-850. 1961.

BSmith, E. B. and R. R. Johnson, In: Madrono 17:268. 1964.

cPowell, A. M. and S. Sikes, In: Southwest. Naturalist 15:175-

186. 1970.

Except in synthetic interspecific hybrids between P.

rosea (w = 10) and P. callosa (n = 10), meiosis was
nearly always regular and fragments were only infre-

quently observed. Meiotic figures from F
}
hybrids between

the single synthetic cross attempted showed bridges and

fragments in about 50% of the cells examined; the re-

maining 50% appeared normal.

Fig. 1. Meiotic chromosomes of Palafoxia rosea var. rosea (n

10) : X3400.
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Fig. 2. Mitotic chromosomes of Palafoxia rosea var. rosea (2?i

20); X3400.

GENERIC ORIGIN

Although phylogenetic histories of a genus are neces-

sarily hypothetical, certain geobotanical considerations cor-

related with cytological data provide interesting clues to

laf The ances-

Pala foocia

Ame from Eupatorioid stock or derivations thereof.

According to Shinners (1952), Palaf evolved during

the Miocene as an autochthonous element of the Texas-

North Mex (Mexican Plateau) flora which mig

northeastward to the Edwards Plateau and Trans-Pecos

regions of present-day Texas. If Shinners is correct, it is

very possible that the genus became initially established

within an area now generally known as south-central

Texas from where the incipient stages of evolutionary

divergence occurred.

We view the origin of the group somew

It is mised that the rayed species of Palaf P.

reverchonii, P. sphacelata, and P. hookeriana, each pos-

sessing the base chromosome number, x = 12, represent

most primitive membe
om which the remain

ing nine eradiate species ultimately had their origin. This

being so, we visualize the prim species as being re-

lictual elements of a neotropical flora which occupied much

of the southeastern United States during the early Terti-
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ary. more advanced taxa such as Palaf
texana (n = 11), P. lindenii (n = 11), P. rosea (n 10),

and P. callosa (n = 10) were evidently derived by pro-

gressive aneuploid reduction from the ancestral base of

12, the first 3 species adapting- to sandy soils, P. callosax

to limestone soils. Palaf lindenii, an emic the
sand dunes of Veracruz, Mexico and vicinity, is very
closely related to P. texana and is, presumably, a recent

insular-type derivative from the latter species. Insular

adaptation of divergent Palafoxia populations to sand dune
habitats is not an uncommon nl enomenon
ably occurred independently in the genus several times
With

feayi and P. integrifolia, populations representing their

differentiating gene pools could have been subjected to

disruptive selection pressures which eventually led these
evolving groups to occupy ecologically similar (sandy),
but spatially disjunct habitats.

Table 2. Selected characteristics of Palafoxia listed according to

their adjudged primitive and advanced states.

Primitive Characters

Heads rayed

n 12

Annual

Outer disc florets regular

Leaves petioled

Lobes of disc corollas longer

than throat

Phyllaries tending to be broad-

ened: ovate, obovate, lanceolate

Pappus of outer disc

florets monomorphic

Phyllaries green, foliaceous

Highly advanced

Advanced Characters

Heads eradiate

n Jl, 10*

Perennial

Outer disc florets irregular

Leaves sessile

Lobes of disc corollas shorter

than throat

Phyllaries tending to be nar-

rowed: oblong, elliptic, linear

Pappus of outer disc

florets dimorphic

Phyllaries white, membranous
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/ 7

Fig. 3. Hypothetical phylogenetic diagram showing the species

and varieties of Palafoxia as indicated by number: (1) reverchonii;

(2) sphacelata; (3) hookeriana var. hookeriana; (4) hookeriana var.

minor; (5) feayi; (6) integrifolia; (7) linearis var. linearis; (8)

linearis var. glandulosa; (9) arida var. arida; (10) arida var. gri-

gantea; (11) riograndensis; (12) lindenii; (13) callosa; (14) rosea

var. rosea; (15) rosea var. macro lepis; (16) texana var. texana;

(17) texana var. ambigua; (18) texana var. robusta. The common
ancestor is represented by the origin and each consecutive, concentric

level symbolizes an incremental advancement of 1.0 (e.g., outermost

circle 6.0).
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Table 2 lists certain characteristics according to their

primi
<<Gen-

eralized" characters were not necessarily considered to be

primitive. Numerical values of and 1 were assigned to

characters deemed primitive and advanced, respectively.

Highly advanced characters were assigned a value of 2.

Each species and variety was arranged according to its

hypothetical phylogenetic relationships (Fig. 3).

TAXONOMY

PALAFOXIA Lagasca

Palafoxia Lagasca, Elench. PI. Hort. Matr. 26. 1816; Gen.

etSp. Nov. 26. 1816.

Paleolaria Cassini, Bull. Soc. Philom. 198. 1816; Diet.

Sci. Nat. 1, Suppl. 59. 1816.

Polypteris Nuttall, Gen. N. Am. PI. 2: 139. 1818.

Lomaxeta Rafinesque, New Fl. Am. 4: 72. 1836.

Othake Rafinesque, New Fl. Am. 4: 73. 1836.

Taprooted annuals or perennials; stems erect or ascend-

ing, brittle-herbaceous, suffruticose to woody in certain

sim

almost

rm
i (usu-

(rarely

sessile) ; blades linear to broadly lanceolate, entire; heads

irregularly corymbiform at the top of the plant, 3-28 mm
high; involucre cylindric to broadly turbinate; receptacle

flat, naked; phyllaries 2-3 seriate, subequal, linear to obo-

vate, green, thickish to membranous, the margins often

tinged red-purple, pubescence when present commonly in-

terspersed with glandular trichomes; ray flowers absent

or present, when present pale to dark violet, prominently

3-toothed terminally, pistillate, fertile; disk flowers white

to violet, perfect, fertile, corollas regular or irregular, 5-

lobed terminally; style branches linear, spreading or revo-

lute, hispidulous; achenes 4-angled, obpyramidal; pappus
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of 4-10 scales, varying from a minute callosity to a long

acuminate hyaline-margined callose midrib, prominently

dimorphic in certain species; gametic chromosome num-
bers, n = 10, 11, 12. Type species: Palafoxia linearis

(Cav.) Lagasca.

KEY TO SPECIES AND VARIETIES OF PALAFOXIA

A. Heads with conspicuous rays B.

B. Leaves linear, narrowly lanceolate, 2-4 (-6) mm
wide; stems not glandular except for inflorescence;

achenes 5-6 mm long; involucral bracts 6-7 (-8) mm
long 1. P. revcrchonii

B. Leaves lanceolate to ovate-lanceolate, 3-20 mm wide;

stems usually glandular for some distance below

inflorescence, often conspicuously so; achenes 6-9

mm long; involucral bracts 7-20 (-25) mm long . . C.

C. Heads narrowly turbinate to cylindric; involu-

cral bracts 2.0-2.5 (-3) mm wide; ligule of ray

mostly 10 mm long or less; stems not robust,

branching at or below middle (except in imma-
ture or depauperate specimens) ; species of west-

ern Texas, New Mexico, and adjacent Mexico

2. P. sphacelata

C. Heads broadly turbinate to campanulate; involu-

cral bracts 2-5 mm wide; ligule of ray mostly

10 mm long or more; stems robust, branched at

or above middle (except in mowed or injured

specimens) ; species of eastern Texas D.

D. Stems densely glandular-pubescent through-

out; involucre, in flower, 10-16 mm high;

florets 50-90 per head

3a. P. hookeriana var. hookeriana

D. Stems glandular-pubescent only in the upper

portions ; involucre, in flower, 7-12 mm high

;

florets 25-50 per head

3b. P. hookeriana var. minor
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A. Heads without rays (peripheral florets inconspicuously

zygomorphic in P. riograndensis) ... E.

E. Species of southeastern U. S. (principally Florida)

F.

F. Involucral bracts linear, herbaceous, green;

spindly shrubs 1-3 m tall . . . 4. P. feayi

F. Involucral bracts narrowly elliptic to obovate,

membranous, white; perennial herbs 0.3-1.0 m
.

.">. P. integrifoliatall *# • * •*• • * *

E. Species of southwestern U. S. (west of Mississippi

River) and Mexico • f % * *«t«%0* G.

G. Corolla lobes short, about 1/5 as long as the

elongate throat; species of Sonoran and Mojave

deserts (southwestern-most Utah to southern-

most Baja California, Mexico) H.

H. Leaves linear, obtuse or rounded at apex;

sprawling shrublets of southern Baja Cali-

fornia (occasional adventive in dune sand

along beaches of Sonora, Mexico) . . . . I.

I. Mid-stem foliage (and most others)

rather evenly pubescent with appressed

white hairs and without glandular tri-

chomes . . . 6a. P. linearis var. linearis

I. Mid-stem foliage (and most others)

densely covered with a rough glandular

pubescence

6b. P. linearis var. gland ulosa

H. Leaves linear-lanceolate, acute at apex;

strictly erect, taprooted annuals of more

northern distribution J.

J. Plants not robust, 0.3-0.9 m tall, the pri-

mary stem 0.5 cm thick or less; heads

(including disc florets), 20-25 (-28) mm
long; widespread in the Sonoran desert

7a. P. arida var. arida

J. Plants robust, 0.9-1.5 m tall, the primary

stem 0.5-1.0 cm thick; heads 28-35 mm
long; endemic to large sand dunes west

***•*##
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of Yuma, Arizona

7b. P. arida var. gigantea

G. Corolla lobes longer than throat; species of the

Chihuahuan desert, Mexico, and eastward . . K.

K. Involucre cylindric; corolla of outermost

florets zygomorphic; achenes (7-) 8-11 mm
long 8. P. riograndensis

K. Involucre turbinate ; corollas regular ; achenes

4-7 mm long L.

L. Leaf blades greyish puberulent, widest at

or near the middle; achenes glabrous or

nearly so 9. P. lindenii

L. Leaf blades greenish, often whitish canes-

cent ; achenes pubescent M.

M. Leaves mostly linear to narrowly lanceolate, 2-6 mm
wide ; chromosome number, n = 10 ; species of south-

central to western Texas and northward N.

N. Involucral bracts narrowly linear, 0,6-1.3 mm wide;

pappus 0.5-2.0 mm long; species on predominantly

limestone soils 10. P. callosa

N. Involucral bracts linear to obovate, mostly 1.2-2.5

mm wide; pappus 1.0-8.0 mm long; species on pre-

dominantly sandy soils O.

O. Pappus scales mostly short, obtuse to acute, 1.0-

3.0 mm long; involucral bracts 5-7 mm long;

plants of southcentral Oklahoma and eastern

Texas 11a. P. rosea var. rosea

O. Pappus scales mostly long, acute to long acumi-

nate, 3.0-8.0 mm loner: involucral bracts 7-10 mm
mac?

M. Leaves mostly broad lanceolate, 6-15 mm wide; chromo-

some number, n = 11, species of southcentral Texas
and southward P.

P. Pappus scales of inner achenes 3-5 (-6) mm long;

involucral bracts broadly linear to oblanceolate,

pubescence interspersed with glandular trichomes;

main stem usually branched below; usually occur-
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ring in rocky limestone soils

12a. P. texana var. texana

P. Pappus scales of inner achenes 1-3 (-4) mm long;

involucral bracts linear, usually lacking glandular

trichomes; main stem usually unbranched below

(except following injury) ; usually occurring in

silty alluvial or sandy soils Q.

Q. Achenes 4.0-5.5 mm long; plants of southernmost

Texas and adjacent Mexico

12b. P. texana var. ambigua

Q. Achenes 6-7 mm long; plants of coastal sand

dunes of central Tamaulipas, Mexico

12c. P. texana var. robusta

Fig. 4. Palafoxia reverchonii. A. Whole plant, X 1^. B. Ray

floret, X3. C. Disc floret, X3.
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1. Palafoxia reverchonii (Bush) Cory, Rhodora 48:86.

1946. Fig. J,

Othake reverchonii Bush, Trans. Acad. Sci. St. Louis 14:

180. 1904. type: united states. Texas: upshur co.

:

Big Sandy, Reverchon 3289 (Holotype, mo!; isotypes, ny!,

2 sheets). Polypteris reverchonii (Bush) Small, Fl. S.E.

U. S. ed. 2, 1373. 1913.

Annual herbs 10-90 cm tall; stems brittle, dark green,

rather evenly appressed pubescent throughout with short

white hairs, without glandular trichomes except in the

inflorescence; leaves opposite at first but soon alternate;

mid-stem leaves narrowly lanceolate, 2-4 (-6) mm wide,

30-90 mm long, petioles 3-10 mm long, blades appearing

1-nerved beneath, sparsely appressed hispid on both sur-

faces, the apices slender, acute; inflorescence an open

corymb with 5-40 heads; heads turbinate 1.0-1.5 cm high,

15-35 flowered, on ultimate peduncles 1.5-8.0 cm long;

principal involucral bracts 8-12, linear-lanceolate to some-

what obovate, 6-8 mm long, 1.5-3.0 mm wide, usually green

and membranous along the margins, but occasionally pur-

plish, pubescent with short, appressed hairs, these sparsely

to densely interspersed with glandular trichomes; ray

florets pale to dark violet, 15-25 mm long, the ligules with

3 linear lobes, these 4-5 mm long, 2-3 mm wide; disc

corollas violet, regular, 5-8 mm long, the tube 3-5 mm long,

abruptly flaring into a short throat 0.5-1.0 mm long, the

lobes linear 2-3 mm long; achenes 5-6 mm long, uniformly

short pubescent; pappus of disc florets composed of ca. 8

scarious, lanceolate, attenuate scales, 3-6 mm long, the

mid-portion darker and somewhat indurate; ray pappus of

8 short, obovate scales ca. 0.5 mm long; chromosome num-

ber, n = 12.

Distribution: Sandy soils in upland pine and oak wood-

lands of eastern Texas. Flowering, Sept.-Oct. Fig. 5.
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Fig. 5. Distribution of Palafoxia sphacelata, P. revercJionii, and

1\ integrifolia.

representative specimens: UNITED STATES. Texas: anderson

CO.: 6 miles NW Tennessee Colony, Marsh, Jr. 278 (tex) ; En^eling-

area, Marsh, Jr. 56-43 (tex); hardin CO.: 7.5 miles W of Silsbee,

Cory 11327 (gii); Henderson CO.: Athens, Turner 5742 (tex);

Houston CO.: Grapeland, Palmer 12834 (ariz, gh, ny, uc, us);

ACOGDOCHES

& Brown s.n. (tex); upshur CO.: 1.5 miles E of Big Sandy, King

2182 (smu, tex).

The species is most closely related to the allopatric Pala-

foxia hookeriana and might with some justification be

treated as no more than a variety of that taxon. Palafoxia

reverchonii is a much more delicate plant (with smaller

heads, narrower leaves and fewer glands) than P. hook-

eriana. Through several years of field work, attempts at

finding mixed populations of these two taxa were never

successful. The taxa occur in seemingly pure populations

near each other in Houston County, but were not found

growing together.
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• it- i .,

Fig. 6. Palafoxia syhacelata. A. Whole plant, X 1^. B. Ray
achene and pappus, X3. C. Disc achene and pappus, X3.
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2. Palafoxia sphacelata (Nutt. ex Torr.) Cory, Rhodora 48

:

86. 1946. Fig. 6.

Stevia sphacelata Nutt. ex Torr., Ann. Lye. N.Y. 2:214.

1828. type: united states. Without date or specific lo-

cality, probably in southeastern Colorado, James, (Holo-

type, ny!). Palafoxia hookeriana var. subradiata T. & G„

Fl. N. Am. 2:368. 1842. Polyptens sphacelata (Nutt. ex

Torr.) Trel. ex Branner & Cov., Ann. Rep. Geol. Surv.

Arkansas 1888, 1:197. 1891. Othake sphacelation (Nutt.)

Rydb., Bull. Torr. Bot. Club 37:332. 1910. Palafoxia hook-

eriana Hook., In: Curtis's Bot. Mag. 91 :t.5549. 1865. non

Palafoxia hookeriana T. & G., 1842.

Annual herbs, 10-90 cm tall; stems brittle, becoming

white and much-branched with age, merely hispid below,

the upper portions densely glandular-pubescent; leaves

simple, opposite at first but soon becoming alternate ;
mid-

stem leaves broadly to narrowly lanceolate, even in the

same population, 3-20 mm wide, 30-90 mm long, petioles

5-25 mm long, blades prominently 3-nerved beneath,

roughly hispid on both surfaces, the apices acute; in-

florescence corymbose with 3-20 heads ; heads narrowly to

broadly turbinate, 1-2 cm across, 1-2 cm high (including

the exserted disc florets), 20-40 flowered, on ultimate

peduncles 1.0-4.5 cm long; principal involucral bracts 10-12,

linear-lanceolate, 9-12 mm long, 1.5-3.0 mm wide, usually

purplish along the membranous margins, pubescent with

short rough hairs, these interspersed with glandular-capi-

omes mm
mm

mm wide : disc corollas pale violet, regular, 10-14 mm
mm flaring into a short throat

mm lontr, the lobes linear, 3-5 mm long; achenes 6-9

mm
composed of ca. 8 scarious, lanceolate, attenuate scales 7-9

mm long, the mid-portion darker and somewhat indurate;

ray pappus of 8 short, obovate, erose scales, 0.2-0.7 mm
lonsr: chromosome number, n= 12.
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Distribution: Mostly in sandy soils from northeastern

Mexico

Flowering, May-Nov. Fig. 5.

representative specimens. UNITED STATES. Colorado: BACA

CO.: 4 miles N of Okla. line, Rogers 6418 (us) ; el paso CO.: between

Drennen and Ellicott, Bacigalupi 858 (ds, GH, uc) ; LARIMER CO.:

Ft. Collins, Baker 806 (mich) ; las ANIMAS CO.: 3 miles SW of Tobe,

Rogers 6128 (us); weld CO.: Roggen, Ramaley 15136 (CAS, us);

YUMA CO.: Wray, Eggleston 15535 (f). Kansas: MORTON CO.: S of

Cimarron River, Gates 16175 (f) ; SEWARD CO.: Arkalon, Kellerman

s.n. (us). New Mexico: bernalillo CO.: Isleta, Arsene 17503 (f,

us); chaves CO.: 35 miles W of Roswell, Earle & Earle 381 (mo,

us); dona ana Co.: Mesilla Valley, Wooton s.n. (ARIZ, ds, uc) ; eddy

CO.: Carlsbad, Tracy 8163 (f, gh, mo, us); Guadalupe CO.: vicinity

of Santa Rosa, Arsene & Benedict 16714 (f) ; mckinley CO.: near

Ft Wingate, Rushy 211 (mich); quay CO.: Nara Visa, Fisher 150

(us); roosevelt CO.: 2.5 miles S of Tolar, Tucker 2959 (us);

sandoval CO.: Jemez Springs, Nels&n 11680 (gh, mo, uc) ;
san

miguel CO.: near Las Vegas, Cockerell (CAS) ; sierra CO.: near

Elephant Butte Dam, Archer 408 (mich); socorro CO.: San Acacia,

O'Byrne & Magner 3440-1 (mo); union CO.: 22 miles SW of Clayton,

Waterfall 12283 (tex) ; Valencia CO.: 8 .miles S of Bellen, Parker

2408 (ariz, cas). Oklahoma: beaver CO. : near Beaver, Palmer 41895

(mo, uc); beckham CO.: SE part of county, Eskew 1524 (gh, mo,

us) ; Cimarron CO.: 1 mile W & 4 miles S of Kenton, Waterfall 8685

(mo); ellis CO.: Wolf Creek, near Shattuck, Stevens 2908 (ds, mo,

us); tillman CO.: Frederick, Duncan s.n. (mo); woods CO.: Way-
noka dunes, north at Cimarron R. near Highway 281, Hansen s.n.

(us) ; woodward co.: w/o locality, White s.n. (mo). Texas: Andrews

CO.: W of Andrews, Gentry 1928 (ariz); bailey CO.: 2 miles S of

Muleshoe, Ferris & Duncan 3411 (CAS, ds, mo); Childress CO.: lO 1^
miles N of Childress, Cory 50140 (ds, gh, us); Collingsworth Co.:

10 miles NE of Wellington, Cory 50166 (gh, us); crane CO.: near

Crane, Cutak 6 (mo); Culberson CO.: 13 miles E of Van Horn,

Waterfall 5473 (cas, GH, mo); dallam CO.: Texline, Howell 147

(us); ector CO.: Odessa, Harad s.n. (us); el paso CO.: 25 miles E
of El Paso, Gooding & Hardies 2860 (ariz); gaines Co.: Seminole,

Tharp 4558 (tex, us); Grayson CO.: Denison, Letterman s.n. (f)
;

hardeman CO.: 7.2 miles N of Quanah on Red River, Whitehouse

10751 (uc, us); hartley CO.: 10 miles E of Romero, Cory 16468

(gh); hemphill CO.: near Canadian, Eggert s.n. (mo); hudspeth

CO.: 4 miles E of Hueco, Waterfall 3865 (ariz, gh, mo); lamb CO.:

16 miles N of Littlefield, Turner & Melchert 4829 (tex) ;
lipscomb

CO.: Lipscomb, Howell 56 (us); loving CO.: 3 miles E of Red Bluff
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Lake, Hinckley & Hinckley 351 (tex) ; lubbock CO.: Lubbock, Tlmrp

s.n. (mo, tex); Mitchell CO.: 2V2 miles N of Colorado City, Sh inner

s

8395 (gh, mo); motley CO.: 5 miles N of Matador, Cory lf>096

(Gh) ; oldham CO.: 1 mile N of bridge over Canadian R. on Amarillo-

Dalhart Rd., Ferris & Duncan 3501 (cas, DS, Mo); potter CO.:

Amarillo, along R. R., Palmer 12543 (gh, mo, us); Roberts CO.:

28 miles S of Perryton, Wallis 7908 (tex) ; ward CO.: 3% miles NW
of Monahans, Cory 51973 (us); Wilbarger CO.: Reverchon 1230 (f) ;

winkler CO.: 9 miles E of Kermit, Correll 15190 (us).

MEXICO. Chihuahua: 8 miles S of Samalayuca, Johnston 3005

(tex); sand dunes, Le Sueur 65 (cas, F, gh, mo, tex, us); near

Lake Santa Maria, Nelson 6404 (GH, us) ; Colonia Diaz, Nelson 6463

(gh, us) ; sand hills near Paso del Norte, Pringle 761 (f, gh, mich,

mo, UC, us); E of Santa Maria, Scliott s.n. (gh); 36 miles S of

Ciudad Juarez, Shreve 7921 (ariz).

Palafoxia sphacelata is sympatnc over part oi its range

with the eradiate P. rosea var. macrolepis. In fruiting

specimens it is difficult to distinguish between these taxa.

However, they are quite distinct, the former possessing

dimorphic achenes (the pappus of the ray and disc florets

differ) and a chromosome number of n~12; the latter

having uniform achenes and a chromosome number of

n = 10. This, of course, largely precludes serious consid-

eration of Shinners' suggestion (1952) that P. sphacelata

is "Perhaps better regarded as a third variety of P. texana,

from which it is very difficult to distinguish after the ray

florets have fallen."

Early workers, as indicated by the synonymy above,

frequently Palaf

P. hookeriana. Indeed, the species are quite similar and,

except for the lower habit and western distribution of the

former, are difficult to distinguish. Both species are dip-

loid with n from

phyletic stock. For additional discussion see P. hookeriana.

3. Palafoxia hookeriana T. & G. Fl. N. Am. 2: 368. 1842.

type : united states. Texas, Drummond II. 136

(Holotype, k!; Isotypes, GH !, ny!, tex!).

Polypteris hookeriana (T. & G.) Gray, Proc. Am. Acad.

19:30. 1883. Othake hookerianum (T. & G.) Bush, Trans.
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Acad. Sci. St. Louis 14:177. 1904. Hooker (1837) first

described and pictured this plant, but erroneously assumed

that Drummond's collection was Palafoxia texana DC. In

his description of the specimen which accompanies the

plate, he states: "Flowers large, handsome, distinctly

rayed, of which circumstance DeCandolle takes no notice;

but in other respects his description is so accurate that I

cannot but think the two plants are the same." Gray, in

describing the plant as a new species, typified the taxon

by reference to Hooker's plate which was made from the

Drummond collection cited above.

Polypteris maxima Small, Fl. S.E. U. S. 1288. 1903.

type: united states. Texas, without date or collection

number, but collected probably in Austin Co., near In-

dustry, August, 1844, Lindheimer (Holotype, NY!; prob-

able isotypes, mo!, ny!). Othake maximum (Small) Bush,

Trans. Acad. Sci. St. Louis 14:179. 1904.

3a. hookeriana. Fig. 7.

Plants annual, 25-180 cm tall; stems erect, sparingly

branched (except following injury), densely glandular-

pubescent (viscid) throughout; midstem leaves narrowly

to broadly lanceolate, 4-25 mm wide, 50-100 mm long, with

petioles 5-25 mm long, blades gradually tapering into an

acute apex, scabrous on both surfaces and usually glandu-

lar-pubescent, especially along the margins ; inflorescence a

few-flowered cyme of 3-8 heads; heads radiate, broadly

turbinate, 15-20 mm across (excluding the projecting

rays), 15-20 mm high, 30-80 flowered, on densely glandu-

lar peduncles 2-10 cm long; principal involucral bracts

mm
mm
most rarelv becoming som

mm loner, the hgule promine

mm lone: and 4 mm
cylindric, 6-9 mm long; disc florets deep pink, mm

mm
for ca. 1/3 to 2/5 their length into a funnelform
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style branches 3-5 mm long; achenes black, narrowly ob-

pyramidal, 6-8 mm long-, sparsely pubescent to nearly

glabrous; pappus scales dimorphic, those of the ray obo-

vate, truncate, 0.5-0.7 mm long, those of the disc linear-

lanceolate, 5-8 mm long, with pronounced midribs; chro-

ome number 12.

Fig. 7. Palafoxia hookeriana var. liookcriana. A. Whole plant,

X xi. B. Ray floret, X2. C. Disc floret, X3.

Distribution: Relatively light, sandy soils in pine and
oak woodlands of southcentral and eastern Texas. Flower-
ing", Aug.-Nov. Fig. 8.

representative specimens. UNITED STATES. Texas : Austin
CO.: Industry, Lindheimer (mo) ; bastrop CO.: Bastrop, Tharp 44499
(Gir, tex) ; burleson co.: Lyons, Martin 6235 (tex) ; Caldwell co.:

near Luling, Schulz s.n. (f) ; goliad CO.: Goliad, Williams 121 (f) ;
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Gonzales CO.: Whitehouse s.n. (mo, UC) ; grimes CO.: Navasota,

HARRISFisher 32153 (ariz, cas, micii, us) ;

(us); hildalgo Co.: Edinburg, Shiller 837 (us); jackson co.: w/o

locality, Drushel s.n. (tex) ;
kenedy CO.: 25 miles S of Santa,

Webster & Wilbur 3089 (us) ; lavaca CO.: 14 miles SE of Yoakum,

Turner & Tharp 3273 (tex); lee CO.: Knoblock s.n. (tex); liberty

CO.: Romayer, Fisher 33209 (ariz, cas, f, tex); nueces CO.: Flour

Bluff, Parks s.n. (mo); san patricio CO.: 2V2 miles NE of Calallen,

Cory 20678 (gh) ; STARR CO.: 2.9 miles SW of Santa Elena, Johnston

541430 (tex); victoria CO.: Victoria, Bindewald s.n. (tex); WASH-

INGTON CO.: 5 miles NE of Brenham, Turner 3917 (tex); wilson

CO.: Cover Ranch, Kicaster, Parks 1504 (mo).

This is a handsome species, and while it shows great

variation in growth habit, it is nonetheless restricted in

its habitat to the forested, deep sandy soils of southcentral

and east Texas. It can apparently survive and spread into

other areas for, in 1955, the senior author found the species

growing as a weed locally in Lucedale, Mississippi, where

it was introduced by seed obtained from natural popula-

tions in Texas by the local Methodist preacher.

Early workers tended to confuse Palafoxia hookeriana

with P. sphacelata, the latter being a much smaller plant

confined to the sandy grasslands of more western regions.

Nevertheless, the rayed species, P. hookeriana (n=12),

P. sphacelata (n = 12) and P. reverchonii (n = 12) are

clearly related and probably form a monophyletic unit

whirVi thp snennloid derivatives, P. texana (n = 11),from
P. rosea (w=10), and P. callosa (w = 10) had their

origin, presumably by aneuploid reduction from an ances-

tral base of x = 12.

Pa laf

minor. We
growing together (although Shinners, 1952, indicates they

do) and it appears that the latter occurs more oiten in

central Texas while var. hookeriana is more

especially to the south.

Palaf

hookeriana and P. reverchonii must occur since their
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Fig. 8. Distribution of Palafoxia hookeriana var. hookeriana and
P. hookeriana var. mfnor.

ranges overlap to the northeast, although we have not

found evidence for this in the field. It may be, however,
that the less glandular, smaller-headed plants, here recog-

nized as P. hookeriana var. minor, are from populations

which show introgression from P. reverchonii into P. hook-

eriana. In the early stages of the present study it was
thought possible that the plants called P. reverchonii were
hybrids between P. rosea (n = 10) and P. hookeriana
(n 12), but more recent field work has indicated that

these taxa, while often growing near each other, do not

hybridize to any detectable extent.
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3b. minor
20:98. 1952. type: united states. Texas: HARRIS CO.:

Channelview, Fisher 50717 (Holotype, smu!).

Similar to var. hookeriana except that the plants are not

as robust, possessing smaller heads and less glandular-

pubescent stems.

Distribution: Southcentral and eastern Texas on light

sandy soils in pine and oak woodland. Flowering, Sept-
Oct. Fig. 8.

representative specimens. UNITED STATES. Texas: atascosa
CO.: Pleasanton, Palmer 10781 (ds, mo, us); 12 miles N of Pleas-

anton, Cory 15564 (gh) ; Poteet, Parks 1270, 1277, 1278, 1416 (mo);
bastrop CO.: W of Cistern, Tharp & Graham s.n. (tex) ; bexar CO.:

Applewhite road, 18 miles S of San Antonio, Clare 448 (cas, uc) ;

freestone CO.: 11 miles ESE Fairfield, Turner 4443 (tex); goliad
€0. : near Goliad, Williams 74 (f, mo); leon CO.: 5 .miles E of

Buffalo, Gould 7273 (tex); Medina CO.: 3 miles SW of Devine, Cory
11756 (gh); milam co.: Milano, Joor 54 (mo, uc, us); Robertson

tex
tex (gh).

Shinners (1952), in his key to species, describes the

stems of both var. hookeriana and var. minor as being

"glandular-pubescent throughout with widely spreading

hairs." Actually the lower half of the main stem of var.

minor is usually without glandular trichomes and we find

this character to be an easy one for distinguishing between
the taxa. Also, occasional plants (Cory 15563, tex; Cory
15564, GH) may be found without glands on their stems
(or involucre!) but these cannot be confused with the more
eastern Palafoxia reverchonii because they invariably have
much broader leaf blades and a coarser, more hispid pubes-

cence. Such plants may represent the occasional hybrid
of P. hookeriana (n = 12) with P. rosea (n = 10) or P.

texana (w = ll), but we have not observed the former
growing together with either of the latter in the field.

Baltzer annotated such specimens (e.g., Palmer 10781)
as P. sphacelata, but that is a species of more western dis-

tribution.



592 Rhodora [Vol. 78

4. Palafoxia feayi Gray, Proc. Am. Acad. 12:59. 1877.

Fig. 0. type: united states. Florida: S. Florida, Feay

s.n. (Holotype, Gh!). On the same sheet with collections

of the species by Chapman and Curtis.

Spindly shrubs, 1-3 m tall; stems sparingly branched,

strigillose to nearly glabrous; leaves simple, opposite or

subopposite at first, becoming altc

ovate to narrowly elliptic, 2-6 cm
mid-stem leaves

0.5-2.5 cm wide,

petioles 2-6 mm long, blades thick, scabrous or roughly

hispid on both surfaces, rounded or broadly obtuse at the

apex; inflorescence corymbose with 10-50 heads; heads

turbinate, 1-2 cm across, 2.0-2.5 cm high (including the

exserted florets), 15-25 flowered, on ultimate peduncles

1-4 cm long; principal involucral bracts 9-12, linear to

oblong, 5-9 mm long, 1.0-1.5 mm wide, membranous to

somewhat thickened, strigillose, usually purplish-tinged;

florets regular, white at first, becoming pinkish, corolla

about 10 mm long, tube 2 mm long, the throat elongate,

cylindric, 4.5-6.0 mm long, the lobes equal, 1.0-1.5 mm

.&3£ £

yyjfeL

Fig\ 9. Palafoxia feayi. A. Top of plant, XU. B. Head, XI
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long; style branches 5 mm long, otherwise as described

ami mm
4-sided, sparingly pubescent with short, spreading hairs;

mm
chromosome num

ber, n 12.

Distribution: Sandy soils of pinelands in central and

southern Florida usually in open fields with secondary

shrubby growth. Flowering, Apr.-Nov., but most common
summer Fig. 10.

representative specimens- UNITED STATES. Florida: brevard

CO.: Merritts Island, w/o collector, C21264 (us); collier CO.: Marco,

Hitchcock 159 (f, GH, mo, us); dade CO.: Arch Creed Prairie, Small

ct ah 6811 (GH, us); dixie CO.: Manatee, Tracy 6357 (mo, us);

highlands CO.: Archbold Biological Station, 10 miles S of Lake

Placid, Brass 15233 (GH, us); Hillsborough CO.: Riverview, Blanton

6718 (ds, f) ; lake CO.: 1 mile E of Lisbon, Turner 4663 (tex)
;

lee CO.: Fort Myers, Buswell 0061 (ariz) ; manatee CO.: Palma

Sola, Tracy 6932 (f, mo, us); orange CO.: Clarcona, Meislahn 73a

(us); palm beach co. : w/o locality, Randolph 157 (gh) ; pinellas

CO.: near St. Petersburg, Deam 2814 (mich) ; polk CO.: Winter

Haven, McFarlin 3325 (mich); volusia CO.: near Seville, Curtis

6688 (GH, MO, uc, us).

Fig. 10. Distribution of Palafoxia callosa and P. feayi,



594 Rhodora [Vol. 78

Baltzer (1944) termed

Pa laf

in the latter group because of the floret characters." In

our opinion, the species is perhaps as close to Othake as

it is to Polypten's (which includes only P. intcgnfolia) .

Palafoxia feayi is a brittle-stemmed shrub up to 3 meters

tall. Judging from its restriction to sandy soils on the

Florida Peninsula, we believe that its woody nature is

secondary, this having developed because of ancestral in-

sular conditions to which it became adapted. Similar

robust habits in coastal or active inland dunes have ap-

parently developed independently in P. texaria var. robusta

and P. arida var. gigantea, and it seems almost certain

that the robust P. lindcnii developed from an ancestral

stock not too unlike the herbaceous P. texana. Nonetheless,

/

mark it as quite removed from

f Palafoxia. In any case it is

emoved ereoofraphically from its most

taxa, P. riograndensis and P. arida.

5. Palafoxia integrifolia (Nutt.) Torr. & Gray, Fl. N. Am.
2:368. 1842. Fig. 11.

Polypteris integrifolia Nutt., Gen. N. Am. PL 2:139.

1818. non DC., Prodr. 5:659. 1836. type: united states.

"Georgia" (probably collected in what is now Florida),

Baldwin s.n. (Holotype, ph!). Hymenopappus integrifo-

lium (Nutt.) Spreng., Syst. 3:449. 1826. Paleolaria fas-

tigiata Less., Syn. Comp. 156. 1832. Palafoxia fastigiata

(Less.) DC., Prodr. 5:125. 1836.

Am. 4:72. 1836. nom
Meg.

Plants perennial, 50-100 cm tall, stems suffruticose, erect

to suberect from woody rootstocks or short rhizomes;

usually simple below and divaricately branched above;

leaves simple, entire, thick, opposite to sub-opposite below,

becoming alternate above, scabrous on both surfaces; mid-
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stem leaves 3-7 (-9) cm long, 0.5-1.0 cm wide, broadly

linear to somewhat lanceolate, with petioles 5-10 mm long;

inflorescence corymbiform with 10-40 heads; heads broadly

turbinate, 10-15 mm high, 7-10 mm across, 10-12 flow-

ered, on ultimate peduncles 2-6 cm long; involucral bracts

rounded at the apex, markedly gradate in 2-3 series, mem-
branous, the outer phyllaries short and spreading or some-

what reflexed; florets regular, white to purplish-white;

corolla about 12 mm long, deeply 5 lobed, the lobes 4-5 mm
long, throat 1.0-1.5 mm long, tube 5-6 mm long; style

branches 3.5-5.0 mm long, 4-sided, somewhat tangentially

compressed in peripheral florets, minutely pubescent to

nearly glabrate; pappus of 10 lanceolate scales, 6-7 mm
long, with conspicuous thickened midribs and membranous
margins; chromosome number, n 12.

\

Fig. 11. Palafoxia integrifolia. A. Top of plant, X 1^. B. Head,

XIV2.
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Distribution: Throughout most of Florida, usually in

sandy scrubland, or dry pine barrens. Flowering, May-

Nov., but most commonly in the late summer and fall.

Fig. 5.

representative specimens. UNITED STATES. Florida: ALACHUA

CO.: Sugarfoot near Gainesville, Murrill s.n. (mo); BRADFORD CO.:

New River, Hitchcock s.n. (p) ; brevard CO.: Indian River region,

Fredholm 5023 (gh, mo, us); calhoun CO.: w/o locality, Chapman
s.n. (mo); citrus CO.: w/o locality, Hitchcock s.n. (f) ;

COLUMBIA

CO.: Lake City, Fla. Agric. Col 1308 (f) ;
dade CO.: Miami, Tracy

8929 (Gil, tex, us); duval CO.: near Jacksonville, Curtiss 1507 (f,

gh, Mien, mo, us); gulf CO.: near Apalachicola, 15 Oct. 1890, w/o

collector 791a (gh, mo, us); hernando CO.: vicinity of Brooksville,

J&nes 154 (us); highlands CO.: Sebring, Brass 18146 (gh, us);

Hillsborough CO.: Plant City, Blanton 6806 (CAS, tex); lake CO.:

vicinity of Eustis, Nash 1191 (gh, micii, mo, uc, us); leon CO.: 8

miles S of Tallahassee, Turner 4657 (TEX) ; lee CO.: Fort Myers,

Buswell 0881 (ARIZ); liberty CO.: between Quincy & Bristol, Mohr

1818 (us); madison CO.: 9 miles E of Greenville, Godfrey 53992

(gh) ; manatee co. : near Bradenton, Simpson 61 (F, micii, us);

marion CO.: near Ocala, Palmer 35186 (gh) ; orange Co.: S of

Orlando, Bright 3953 (us); PASCO CO.: New Port Richey, O'Neill

1171 (mo); pinellas CO.: near St. Petersburg, Beam 2826 (MICH,

us); polk CO.: w/o locality, Ohlinger 394 (f, mo); putnam CO.:

Crescent City, w/o collector (mo); seminole CO.: Longwood, Beards-

lee Jr. s.n. (UC) ; volusia CO.: 2 miles N of Ormond, Butts s.n.

(gh, uc).

Palafoxia integrifolia was treated as the only species of

the genus Othake by Baltzer (1914), a treatment also

accorded the species by Bush (1904) in his revision of

Othake. While it is unquestionably the "oddball" of Pala-

foxia, it is, nonetheless, by its floral features and chromo-

somes, so closely related to Palafoxia that little is gained

by placing the species in a genus of its own.

6. Palafoxia linearis (Cav.) Lag. Elench. PI. Hort., Matr.

26. 1816. Gen. et Sp. Nov. 26. 1816. type: possible frag-

ments of isotype examined (f). "Ex antiguo herbario

generali Herbarium Horti Botanici Matritensis." The

plate accompanying the original description matches the

material cited (see discussion below).
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Fig. 12. Palafoxia linearis var. linearis. A. Top of plant, X 1^

6a. Palafoxia linearis (Cav.) Lag. var. linearis. Fig. 12.

Ageratum lineare Cav., Ic. ^•3 1794. Stevia linearis

Cav., Ic. 4:32. Sfcwta Zmeam (Cav.) Willd., Sp. PL 3:

1774. 1804. Stevia lavandulaefolia Willd. ex DC, Prodr.

5:125. 1836. As synonym.

Paleolaria carnea Cass., Bull. Soc. Philom. 1818:17.

1818.

Palafoxia leucophylla Gray, Proc. Am. Acad. 8:291.

1870. TYPE: MEXICO. Baja California: Carmen Island,

Palmer 2 (Holotype, gh!; isotypes, ny!, us!). Palafoxia

linearis var. leucophylla (Gray) I. M. Johnston, Proc.

Calif. Acad. Sci. 12:1202. 1924.
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Palafoxia areyiaria Brandg., Proc. Calif. Acad. Sci. 2:178.

1889. type: Mexico. Baja California: Boca do Las Ani-

mas, Brandegee s.n. (Holotype, uc!; isotypes, GH !, us!).

Plants perennial, 40-80 cm high, up to 150 cm across;

stems suffruticose and branched from the base forming

conspicuous clumps, rather evenly pubescent with stiff

appressed white hairs, glandular, if at all, only in the

inflorescence; leaves simple, succulent, alternate; mid-stem

leaves lance-linear to nearly obovate, 25-50 mm long, 3-8

mm wT
ide, with petioles 3-8 mm long, blades rather abruptly

terminated by an obtuse or rounded apex (very rarely

nearly acute), canescent-scabrous on both surfaces; in-

florescence a subcorymbose cyme with 3-15 (-20) heads;

heads subturbinate to nearly cylindric, 5-10 mm across,

20-22 mm high (including the projecting flowers), 10-20

flowered, on ultimate peduncles 1.5-5.0 cm long; principal

involucral bracts 8-14, linear, 10-15 mm long, 1-2 mm wide,

scabrous-pubescent, especially below (rarely somewhat

glandular) ; florets white with faint tinge of magenta-pink

on lobes, regular (outer florets becoming zygomorphic)
;

corolla 7-10 mm long, tube 2-3 mm long, throat cylindric

(in outer florets somewhat flaring), 5-7 mm long, the lobes

1-2 mm long; style branches 4-5 mm long, otherwise as

described for the genus; achenes 7-11 mm long, linear,

4-sided, densely appressed pubescent; pappus scales 4-8,

unequal, with pronounced mid-ribs, the inner florets nor-

mally with 4 linear, acute scales, 6-9 mm long on the

angles, these alternating with 4 shorter, obtuse or trun-

cate scales of varying lengths (often nearly absent)
;

chromosome number not determined.

Distribution: Dune sand along the eastern sea shore of

southern Baja California; also in dunes along the shore of

Sonora and Sinaloa. Flowering, Nov.-May, depending on

rains. Fig. 13.



1976] Palafoxia— Turner & Morris 599

ii

arida var. gigantea

Fig. 13. Distribution of Palafoxia linearis var. linearis, P. lin-

earis var. glandulosa, P. arida var. arida, and P. arida var. gigantea*
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\TIVE specimens. MEXICO. Baja California: 18 miles

S of Todos Santos, Carter & Chisaki 3612 (DS, UC, us) ; El Mogote,

Carter 2722 (DS, MO, UC, us) ; Monserrate Island, Johnston 3866

(ds, Gil, UC, us) ; Loreto, Johnston 3776 (cas, GH, MO, uc, us)

;

La Paz, Jones 24065 (ARIZ, F, MICH, UC) ; 17 miles S of Rancho

Venancio, Shreve 7190 (ariz, ds, f, mich, us) ;
between La Buca

and La Ballena, Wiggins 5552 (CAS, ds, GH, MICH, UC, us). Sinaloa:

Altata, Gentry 5406 (ariz, ds, gh, mich, mo), sonora: San Pedro

Bay, Johnston 4322 (cas).

Palafoxia linearis has long been used for the more north-

ern, Sonoran desert taxon, P. arida (Turner & Morris,

1975).

Wiggins (5552, ds) describes the species as "perennial,

leaves very fleshy, corolla white with faint tinge of

genta pink." Palafoxia linearis is undoubtedly related to

the more widespread P. arida, presumably having arisen

out of that species in the distant past as a strand-line

element.

ma

6b. Palafoxia linearis var. glandulosa B. L. Turner & M. I.

Morris, Madrono 23(2) :79-80. 1975.

type: Mexico. Baja California: mouth of arroyo along

beach at Barril, 48 miles E of Pozo Aleman, Wiggins 7825

(Holotype, ds!; isotypes, f!, gh!, uc!, us!).

Similar to the var. linearis except that the stems and

leaves are densely covered with a very rough glandular

pubescence; in addition the alternating, abortive pappus

scales are shorter (like those of P. arida var. arida).

Distribution: Coastal dune sands of eastern Baja Cali-

latitude 26° 30' N to 29° 30' N. Flowering,om
Dec-May. Fig. 13.

representative specimens. MEXICO. Baja California: Freshwater

Bay, Tiburon Island, Johnston 3264 (cas, GH, NY, UC, us, in part)
;

Las Animas Bay, Johnston 3514 (cas, GH, UC, us) ; San Francisquito

Bay, Johnston 3588 (cas, us) ; San Nicholas Bay, Johnston 3716

(mo) ; Los Angeles Bay, Pabner 581 (gh).
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Wheeler annotated most of the material

intermediate to Palafoxia linearis va

var. arida (as treated here). Palaf
former

occupies a similar moi northern habitat. Johnston

apparently found both P. linearis var. linearis and P. line-

aris var. mixe

3264). Wecited above (Johnston 3716;

any clear intergradation from specimens collected by

Johnston at these localities, although it is suspected that

there might be a clinal intergradation from north to south

along the shore line.

Fig. 14. Palafoxia arida var. arida. A. Top of plant, X%
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7. Palafoxia arida B. L. Turner & M. I. Morris, Madrono

23(2):79-80. 1975. type: united states. California:

SAN Bernardino CO.: The Needles, Jones 3849 (Holo-

tvne. us!: isotvoes. ARiz!. CAs!. DS!. f!. ny!. UCO.

7a. Palafoxia arida P>. L. Turner & M. I. Morris var. arida.

Fig. 14.

Palafoxia linearis var. linearis of authors. Non Pala-

foxia linearis (Cav.) Lag.

Plants annual, 10-70 cm tall; stems erect and usually

divaricately branched throughout, scabrous and/or with a

rough pubescence (rarely nearly glabrous), the upper-

portions usually with conspicuous glandular trichomes

;

mid-stem leaves linear to lance-linear, 2-8 mm wide, 20-

100 mm long, with petioles 5-20 mm long, blades gradually

tapering into an acute apex, canescent-scabrous on both

surfaces; inflorescence a subcorymbose cyme with 5-40

heads; heads subturbinate to nearly cylindric, 5-10 mm
across, 20-28 mm high (including the projecting flowers),

9-20 flowered, on ultimate peduncles 1-5 (-7) cm long;

principal involucral bracts (6-) 7-15, linear 10-20 mm long,

1-2 mm wide, scabrous to densely glandular, often some-

what keeled on the back; florets pinkish-white to pink, the

inner ones regular, the corolla 9-11 mm long, the tube 2-4

lomr. thp throat c.vlindric 6-8 mm loner, the lobes 1-2mm
mm long; style branches 4-5 mm long; achenes 10-15 mm
long, linear, 4-sided, densely to sparsely appressed pubes-

cent; pappus scales 4-8 unequal, with pronounced mid-ribs,

the innermost achenes normally with 4 linear, acute scales

on the angles, 8-12 mm long, these alternating with 4, much
shorter, abortive scales; outermost achenes with 3-8 sepa-

rate scales of varying lengths (often completely absent)
;

chromosome number, n = 12.

Distribution: Mojave, Colorado and Sonoran deserts of

the southwestern United States and Mexico, usually in

sandy soils at low elevations. Flowering, Feb.-May (rarely

later with rains). Fig. 13.



1976] Palafoxia— Turner & Morris 603

representative specimens. UNITED STATES. Arizona: mari-

COPA CO.: Sentinel, Harrison & Belden 3556 (ariz) ;
mohave CO.:

Willow Beach, Clokey 5957 (ds, mo, tex, uc) ; pinal CO.: 10 miles

W of Casa Grande, Parker 8259 (ariz); YUMA CO.: 14 miles E of

Yuma, Wolf 2286 (cas, DS, Gh). California: imperial CO.: near

Fish Springs, Nelson & Nelson 3293 (ds, gh, mo, uc, us) ;
riverside

CO.: ca. 12 miles E of Indio, Hitchcock 5848 (DS, GH, MO, uc) ;
san

Bernardino CO.: Slate Mountains, Epling, Ellison & Anderson s.n.

(mich, mo, us) ; 5 miles SW of Trona, Gould 986 (ariz, gh, mo) ;

san diego CO.: Coyote Canyon, Hall 2768 (ds, mo, UC, us). Nevada:

clark co.: Logan, Kennedy s.n. (cas, ds, gh, uc, us). Utah: Wash-

ington CO.: Red Hill N of St. George, Hall 514 (us); Leeds, Cottam

5389 (tex).

MEXICO. Baja California: Calamilli, Brandegee s.n. (UC) ; 15.5

NW SW
San Ignacio, Carter et al. 2514 (ds, MO, uc, us) ; sand hills of the

Viscaino Depression, south and west of Scammon's Lagoon, Gentry

7524: (ariz, ds, UC) ; 32 miles S of Pozo Aleman, Shrevo 7008 (ariz,

f, GH, MICH, mo) ; southern part of the Sierra San Pedro Martir,

Wiggins 9915 (ds, us) ; 27.4 miles S of Pozo Aleman, Wiggins 7863

(ds, F, GH, mich, uc, us). Sonora: Rocky Point, Clark 11213 (gh)
;

along Rio de Sonora, Hermosillo, Drouet & Richards 3480 (f)
;

6 km N of Hermosillo, Drouet & Richards 3758 (f) ; E of Villa de

Seris along Rio de Sonora, Drouet, Richards & Alvarado 3395 (f) ;

Hermosillo, Eisen s.n. (us) ; 173 miles S of Nogales, Frye & Frye

2288 (ariz, ds, GH, UC); S side of Punta Penasco, Hammerly 16

(ds, tex, uc) ; 2 miles W of Cabarco, Keck 4021 (cas) ; 22 miles S

of Sonoyta, Keck 4161 (DS, us) ; Cabarco, Long 74 (us) ;
Papago

Tanks, MacDougal 35 (us); Hermosillo, Maltby 208 (us); Colorado

River at Colonia Diaz, Mearns 2831 (ds, us); Lerdo, Palmer 940

(GH, UC) ; 20 miles N of Hermosillo Parker 8224 (ariz, uc) ; 4 miles

NW of Caborca, Wiggins 8231 (ds, gh, mich, uc, us); 2 miles N of

the fishing village on Kino Bay, Wiggins & Rollins 167 (ariz, ds,

gh, mich, mo).

This relatively common, widespread species has hereto-

fore been called Palafoxia linearis by nearly all recent

taxonomists working in the desert Southwest. This name,

however, applies to a well-marked, related taxon which

occurs in southern Baja California, the type apparently

having been collected near La Paz. Wheeler, by annotation

only, also recognized the two taxa as specifically distinct,

correctly restricting the name, P. linearis, to the popula-

tions from southern-most Baja California. Gray also recog-
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nized the taxa as specifically distinct, but contrary to the

present Code, proposed the name P. leucophylla for the

more southern element. Johnston, apparently accepting

Gray's nomenclature but not his hierarchial ranking, re-

duced Gray's synonym to varietal status.

In our opinion, Palafoxia arida and P. linearis are rela-

tively "clean" species in that they are readily distinguished

morphologically, have different, essentially allopatric dis-

tributions, and grow under different climatic regimes. At
least the two taxa are more distantly related than are cer-

tain other allopatric taxa regarded as species by previous

workers, as well as by us (e.g., the three closely related

species, P. hookeriana, P. sphacelate, and P. revcrchonii).

7b. Palafoxia arida var. gigantea (M. E. Jones) B. L.

Turner & M. I. Morris, Madrono 23(2) :79-80. 1975.

Palafoxia linearis var. gigantea M. E. Jones, Contrib.

West. Rot. 18:79. 1933. type: united states. California:

W of Yuma, sand dunes, Jones 28599 (Holotype, pom!;
isotypes, mo!, uc!).

Palafoxia linearis var. arenicola Nels., Am. Jour. Bot.

23:265-66. 1936. type: united states. California: in the

sand dunes, Calif., W of Yuma, Arizona, Nelson 11161

(Holotype, RM!; isotypes, ds!, mo!).

Plants apparently annual or short lived perennials (de-

scribed by some collectors as a succulent perennial), 80-

200 cm tall ; stems erect, branched from the base, the larger

branches 0.5-1.0 cm in diameter, glabrous or nearly so;

leaves simple, alternate, mid-stem ones lance-linear, 6-12

cm long, 0.7-1.5 cm wide, with petioles 1.0-1.5 cm long, the

blades tapering into an acute apex, scabrous on both sur-

faces ; inflorescence a subcorymbose cyme with 10-20 heads

;

heads subturbinate, 10-20 mm across, 28-35 mm high (in-

cluding the projecting flowers), 18-40 flowered, on ultimate

peduncles 2-7 cm long; principal involucral bracts 10-16,

linear, 16-25 mm long, 1.0-2.5 mm wide, scabrous, often

somewhat keeled on the back; florets "lavender-white,"

regular, the corolla 10-13 mm long, the tube 3.0-4.5 mm
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mm lone:, the lobes 1-2 mm
mm

for the genus; achenes 12-16 mm long, linear, somewhat

4-sided to nearly cylindric, densely short pubescent with

closely ascending hairs; pappus scales 4-8, unequal, with

nrnnoimced midribs, the innermost achenes normally with

mm
4 much shorter scales, 2-5 mm long; outermost achenes

with 3-8 scales of varying lengths; chromosome number,

» = 12.

Distribution: Restricted to the actively blowing sand

hills just west of Yuma, Arizona. Flowering, Feb.-May

(often later with rains). Fig. 13.

representative specimens. UNITED STATES. California: im-

perial CO.: 6 miles W of Winterhaven, Alexander & Kellogg 1889

(ds GH, TEX, uc); sand dunes W of Yuma, Alexander & Kellogg

1936 (ariz, cas, ds, gh, mo, tex, uc) ; 25 miles W of Yuma, Munz

11968 (uc) ; Holtville, Munz & Hitchcock 12131 (ds, F, mo, uc)

;

16 miles E of Brawly, Turner 4759 (tex) ; 22 miles W of Yuma,

Wiggins 8920 (CAS, ds) ; 2 miles E of Gray's Well on road from

Yuma ^o Holtville, V/olf 1888 (ds).

The variety gigantea is undoubtedly closely related to

Palafoxia arida var. arida presumably having arisen rela-

tively recently from that taxon (within the time of the

formation of the large northwest-southeast trending dune

sands in the southern portion of the Coachella Valley,

probably about 5000 years ago or less). It is distinguished

almost solely by its more robust habit and larger heads.

After a visit by the senior author to the type locality, he

was reasonably convinced that the variety was a good

taxon, primarily because the smaller-headed var. arida

grows adjacent to, and often upon, some of the lesser

dunes in the area, while the larger-headed forms were

restricted almost entirely to the dune sands. This is true

even in depauperate (less than 0.9 m tall) forms of var.

gigantea. Blake (1945) also recognized the variety as did

Nelson (1936), who presumably was unaware of Jones'

(1933) earlier varietal epithet.
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_>>"

Fig. 15. Palafoxia riograndensis. A. Whole plant, XYs- B. Head
X2.

,
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8. Palafoxia riograndensis Cory, Rhodora 48:84. 1946.

Fig. 15. type: united states. Texas: presidio co.:

31/2 miles SE of Presidio, Cory 31195 (Holotype, Gh!;
isotype, us!).

Palafoxia cyanophylla Shinners, Field & Lab. 17:23-30.

1949. type: united states. Texas: brewster co. : in

bare sand, mouth of Santa Elena Canyon, Big Bend Na-
tional Park, Shinners 8792 (Holotype, smu!).

Plants annual, 30-60 cm tall; stems erect, usually

branched from the base, pubescent with stiff white hairs

and generally scabrous; leaves simple, alternate, the mid-
stem ones linear-lanceolate, 3-7 cm long, 2-8 mm wide, with

petioles 5-15 mm long, the blades gradually tapering into

an acute apex, white scabrous pubescent on both surfaces;

inflorescence a subcorymbose cyme with 5-numerous heads

;

heads cylindrical-turbinate, 15-25 mm high (including the

exserted florets), 4-10 mm wide, 8-25 flowered, on ultimate

glandular-pubescent (viscous) peduncles 1.5-6.0 cm long;

principal involucral bracts 7-10, narrowly lance-oblong,

10-15 mm long, 1.2-2.0 mm wide, scabrous or hispid on

the back; florets "pale pinkish purple" to "purple," outer

florets distinctly zygomorphic (but not ligulate), the inner

florets nearly regular; corolla 6-9 mm long, tube cylindric,

2.3-4.0 mm long, throat conspicuously pubescent, narrowly
funnel-form, 1.5-3.0 mm long, the lobes lanceolate-oblong,

1.8-3.0 mm long; style branches 3-4 mm long, otherwise as

described for the genus ; achenes linear, 4-sided, obpyra-

midal, 7-12 mm long, variously hispid, but especially so on
the angles

; pappus of inner florets composed of 4 lanceolate

scales, 5-8 mm long (these often alternating with much
smaller, obtuse scales), outer-most florets with abortive

pappus scales, these usually fused into an irregular crown

;

chromosome number, n = 12.

Distribution : Dune sand and silty-sandy soils along

stream beds of the Chihuahuan desert in north-central

Mexico, entering the United States only along the Rio

Grande River in Texas. Flowering, Apr.-Nov., depending
on rains, but usually in the late summer and fall. Fig. 16.
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Fig. 16. Distribution of Palafoxia riograndcnsis.

REPRESENTATIVE SPECIMENS. UNITED STATES. Texas: BREWSTER

CO.: entrance to Santa Elena Canyon, War-nock 1160 (gh) ;
near

entrance to Santa Elena Canyon, Sperry 1160 (us); mouth of Santa

Elena Canyon, McVaugh 12708 (mich) ; presidio CO.: 2-3 miles E

of Presidio, Hinckley 3235 (gh, us); 3% miles SE of Presidio, Cory

31195 (us).

MEXICO. Chihuahua: 5 miles NE of Laguna Palomas, Johnston

7826 (GH); 6 miles NE of Carillo, Shreve 8848 (ARIZ, MICH, us).

Coahuila: 3 miles SW of Torreon on Nazas River, Fisher 44125

(gh, mo, ny) ; Tanque Colorado, road from Zacatosa, SE to Puerto

Colorado, Johnston 8666 (gh, tex) ; Torreon and vicinity, Palmer

486 (f, gh, mo, uc, us) ; Monclova, Palmer 643 (f, gh, ny, us) ;

Movano, Purpiis 4473 (uc) ; SW end of Laguna del Rey, Stewart

3022 (GH); 5 km NE of Las Delicias, Stewart 2840 (gh) ; 1 km
SE Las Margaritas, Stewart 2946 (gh) ; 21 miles W of El Oro,

White 2011 (mich).

As indicated by Shinners (1952),

is clearly synonymous with the earlier P. Hograndens is

,

although he failed to find that Baltzer (1944) cited a speci-

men of this taxon (Palmer 486, mo) as belonging to P.

linearis var. leucophylla. While P. riograndensis is super-

Palaf
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ficially similar to P. linearis (as indicated by Shinners),

it is clearly distinct. It has the habit of P. arida, but pos-

sesses quite different floral features (corolla lobes longer

than the throat and irregular florets along the periphery of

the head).

Palafoxia riograndensis is apparently introduced peri-

odically into Texas along the Rio Grande where it occurs

in small populations on sand banks along the river. It

presumably washes into the Rio Grande from streams

the more southern sandy areas of the Chi-leedmg from the

huahuan desert.

9. Palafoxia lindenii Gray, PL Wright. 1:120. 1850.

Fig. 17. type: Mexico. Veracruz: on sandhills near the

sea, Galeotti 2627 (Holotype, k!; fragment of holotype,

Gh!).

Pohjpteris lindenii (Gray) Gray, Proc. Am. Acad. 19:30.

1883. Othaks lindenii (Gray) Bush, Trans. Acad. Sci. St.

Louis 14:173. 1904.

Plants annual, 50-100 cm tall or sometimes appearing

perennial and rhizomatous when rooting at the nodes in

blown dune sand; stems suffruticose, sparsely branched,

suberect to erect, strigillose throughout; leaves entire,

simple and opposite at first, becoming alternate above, the

mid-stem ones oblong-lanceolate to narrowly elliptic, 4-6

cm long, 5-8 mm wide, thick, puberulent on both surfaces,

acute to rounded at the apex, petioles 7-10 mm long; in-

florescence corymbose with 3-10 heads; heads turbinate,

1-1.5 cm wide, 1.5-2 cm high (including the extended

florets), 18-30 flowered, on ultimate thickened, densely

glandular-pubescent peduncles 1.5-6 cm long; involucral

bracts 10-15, linear, 8-10 mm long, 1.0-2.5 mm wide, thick-

ened on the back, somewhat scarious along the margins;

florets apparently whitish, regular; corolla about 10 mm
long, tube glandular-pubescent almost 3 mm long, throat

cylindric, 1.5-2.0 mm long, lobes linear, 4-5 mm long;

anthers 4 mm long; style branches 3-4 mm long, otherwise

as dpsrrihpd for the e-enus: achenes obnvramidaL 5-6 (-7)
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Fig, 17. Palafoxia lindenii. A. Top of plant, X^i. B. Floret, X3.



1976] Palafoxia— Turner & Morris 611

mm long, glabrous or nearly so; pappus of 12 lanceolate

scales, 4-5 mm long, acute at the apex, without an ex-

tended awn or mucro; chromosome number, n = 11.

Distribution: Known from only a few collections about

Veracruz, Mexico, where it is apparently confined to dune
sands. Flowering, Aug.-Jan., and probably later. Fig. 18.

representative specimens. MEXICO. Veracruz: at Veracruz,

Fisher 122 (cas, ds, mich, tex) ; Nautla, "vegetacion literal," Gold
121 (ny) ; near shore, N of Veracruz, Greenman 95 (f, gh, ny)

;

Veracruz, Medanos de Perro, Juzepezuk 1147 (us) ; Gulf Coast,

Purpus 6025 (F, GH, MO, NY, UC, us) ; shore of Gulf of Mexico near
San Carlos, Purpus 14168 (f, gh, uc).

The species is undoubtedly related to Palafoxia texana,

presumably derived out of that species relatively recently

through an insular-type adaptation to the dune sands in

and about Veracruz, Mexico. Both species are diploid with

n = 11 and both possess similar head and floral features.

10. Palafoxia callosa (Nutt.) T. & G., Fl. N. Am. 2:369.

1842. Fig. 19.

Stevia callosa Nutt., Jour. Acad. Phila. 2:121. 1821.

TYPE: united states: on the gravelly banks of the

Arkansas, rare, Nuttall s.n., (Probable holotype, ph!).

Florestina callosa (Nutt.) DC, Prodr. 5:655. 1836. Othake
tenidfolium Raf., New Fl. 4:74. 1838. Polypteris callosa

(Nutt.) Gray, Proc. Am. Acad. 19:30. 1883. Othake caU
losum (Nutt.) Bush, Trans. Acad. Sci. St. Louis 14:174.

1904.

Palafoxia bella Cory, Field & Lab. 16:62. 1948. type:
united states. Texas: TOM green CO.: 3 miles S of

Christoval, Cory 50467. (Holotype, smu!). Palafoxia cal-

losa var. bella (Cory) Shinners, Field & Lab. 20:94. 1952.

Plants annual, 20-60 cm tall; stems brittle, slender, or

less often, stout and diffusely branched; leaves sessile or

shortly petioled, linear, 1-4 mm wide, 20-70 mm long, 1-

nerved, strigose-hispidulous on both surfaces; inflorescence

corymbose with several to numerous heads, the branches
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Fig. 18. Distribution of Palafoxia lindenii, P. texana var. texana,

P. texana var. ambigua, and P. texana var. robusta.
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densely black-granular; heads turbinate, 3-6 mm high,

3-5 mm broad, 5-30 flowered, on ultimate peduncles 1-4 cm
long; involucral bracts 10-12, linear-oblanceolate, strigose,

3-5 mm long, ca. 1 mm wide; florets lavender, pale-violet

(pink) to white, regular, 5-6 mm long, tube 1-2 mm long,

the lobes linear, 4-5 mm long ; achenes mostly 3-5 mm long,

obpyramidal, hirsutulous; pappus scales 8, obovate, 0.3-

1.0 mm long; chromosome number, n = 10 •

Distribution: Calcareous, usually rocky limestone soils

from southern Missouri to northeastern Mexico, mostly in

juniper glades or in disturbed grasslands. Flowering,

Jun.-Nov. Fig. 10.

representative specimens. UNITED STATES. Arkansas: Bax-

ter CO.: Henderson, Demaree 28526 (tex) ; benton CO.: w/o locality,

Bush 15752 (mo); Carroll co. : Beaver, Palmer 4492 (mo, us);

izard CO.: Guion, Demaree 23758 (mo, uc) ; marion CO.: Bull Shoals

Dam Reservoir, Demaree 29971 (tex); Randolph CO.: Noland,

Demaree 53-790 (tex); searcy CO.: Gilbert, Emig 43 (mo). Mis-

souri: barry CO.: Eagle Rock, Mackenzie s.n. (mich, mo); douglas

co.: Richville, Steyermark 14657 (mo); Greene CO.: w/o locality,

Bush 203 (f, gh, mo, uc, us); mc donald co. : Butler Creek, Noel,

Palmer 4078 (mo, us); ozark CO.: Tecumseh, Palmer 33012 (mo);

stone co.: Gelena, Palmer 4633 (mo, us); taney co.: Swan, Bush
476 (GH, mo, UC, us). Oklahoma: adair CO.: Westville, Moore s.n.

(tex); beckham CO.: 6 miles S of Elk City, Eskew 1502 (gh, mo).

Texas: bandera CO.: 4 miles S Pipecreek, Turner 3840 (tex);

bastrop CO.: w/o locality, Duval s.n. (tex) ; blanco CO.: gravel bars

of river, Palmer 12856 (gh, mo, UC, us); brazos CO.: w/o locality,

Palmer 10732 (ds) ; brown CO.: near Brownwood, Palmer 26816

(gh) ; burnet CO.: near Buchanan Dam, Gentry 15 (tex) ; Cherokee
CO.: dry hills N of Jacksonville, Eggert s.n. (mo); coleman CO.:

1 mile SE of Goldsboro, Turner 4860 (tex); comal CO.: New
Braunfels, Lindheimer 956 (ariz, f, gh, mo, tex, uc, us) ; coryell

CO.: near highway along* Camp Hood, Gould 5371 (tex); Dallas co.:

limestone prairies, Reverchon 3288 (gh, mo, us); eastland CO.:

Ranger, Robinson s.n. (tex); fannin co.: 2 miles SE of White-

wright, Turner & Tharp 3131 (tex) ; fayette CO.: 4 miles E of

La Grange, Turner 4452 (tex); freestone CO.: 12.5 miles ESE of

Fairfield, Shinners 9633 (tex); Gillespie CO.: Willow Cr., Jermy
804 (mo, us); grayson CO.: Denison, Letterman s.n. (mo, us);

hays CO.: near Wimberley, Warnock W900 (GH, tex); hood CO.:

Comanche Peak near Grabury, Palmer 6443 (mo, us); kendall CO.:
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Fig. 19. Palafoxr-a callosa. A. Whole plant, X*/i. B. Head, X3

«
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Spanish Pass, Clemens & Clemens 1029 (ds, mo); kerr CO.: Turtle

Creek, 13.75 miles \\
r of Kerrville, Cory 52417 (ds, uc, us) ; LAMPA-

SAS CO.: 2 miles S of Lampasas, Turner 4587 (tex) ; llano CO.:

17.6 miles E of Llano, Turner & Johnston 2484 (tex) ; MC lennan
CO.: Waco, Bodin s.n. (f, uc) ; palo pinto CO.: 9 miles W of Mineral

Wells, Whitehouse 19242 (mich, uc, us) ; parker CO.: Weatherford,

Tracy 8142 (f, gh, mo, tex, us), pecos CO.: between Sheffield &
Pecos River, Ferris & Duncan 2915 (cas, ds, mo); real CO.: along*

Pulliam Creek near Camp Wood, Correll 15203 (us) ; Schleicher

CO.: 9.5 miles N of Eldorado, Cory 52513 (ds, uc, us); somervell

CO.: Paluxy Creek, 2 miles above Glen Rose, Ward s.n. (us); ster-

ling CO.: 11 miles NW of Sterling City, Cory 50465 (ds, gh, tex,

uc, us); sutton CO.: Schoolhouse Hill, Sonora, Cory 40835 (tex);

tarrant CO.: w/o locality, Ruth 738 (ds, us); taylor CO.: Abilene

State Park, Volstead 7610 (mich, mo, uc) ; tom greene CO.: South

Concho River, 1.5 miles N of Christoval, Cory 52517 (ds, us)
;

travis CO.: 3 miles NW of Austin, Warnock 45-67 (ds, mo, tex, uc) ;

uvalde CO.: 2 ;miles S of Blewett, Turner 3866 (tex); val verde

CO.: 9H miles N of Del Rio, Cory 20867 (gh) ; Williamson CO.:

7 miles W of Round Rock, York 46314 (f, mo, tex, uc).

MEXICO. Coahuila: Muzquiz, Santa Anna Canyon, Marsh 540

(tex); 65 miles NW Sabinas, Gould 10676 (tex); 17 miles W of

Ciudad Acuna, Powell et al. 1411 (tex); 43 miles NW of Muzquiz,

Powell et al. 1587 (tex).

Palafoxia callosa is easily recognized by its linear leaves

and narrow turbinate involucre. Some of the larger-headed

(i.e., with more numerous florets), paler-flowered, more
western populations were recognized as a species, P. beUa,

by Cory but these seem hardly worthy of the varietal

recognition accorded the populations by Shinners.

Palafoxia callosa seems closest to P. rosea. Both species

are diploid with n = 10 and wrhile they are partially sym-
patric in a geographic sense, the former occurs predomi-
nantly, or only, on calcareous soils, the latter on siliceous,

sandy soils. Synthetic hybrids between the species are

easily made, but hybrids or their derivatives have not been
observed in the field.

11. Palafoxia rosea (Bush) Cory, Rhodora 48:86. 1946.

TYPE: united states. Texas: HARRIS CO.: Sheldon, 18

miles E of Houston, Reverchon 3656 (Holotype, mo!;
isotypes, GH !, ny!).
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11a. Palafoxia rosea (Bush) Cory var. rosea. Fig. 20.

oseum
1904. Polypteris rosea (Bush) Small, Fl. S. E. U. S., ed. I,

1372. 1918.

Annual herbs, 10-50 cm tall; stems brittle, scabrous;

leaves simple, opposite at first but soon becoming alternate,

the mid-stem ones linear-lanceolate, 2-10 mm wide, 3-6 cm

long, petioles 3-15 mm long, blades inconspicuously o-

ymbose

with mostly 3-10 heads; heads narrowly to broadly turbi-

mm across, 10-16 mm high (including disc flo-

rets )

,

cm
mm

1.2-3.0 mm wide, often purplish tinged, pubescent with

short rough hairs interspersed with glandular capitate

trichomes (the latter sometimes absent or nearly so) ;

florets pale-violet, regular 7-10 mm long, the throat 4-5 mm
long slit to the base or nearly so, the lobes linear, 4-5 mm

mostlv 5-8 mm
mm

except for the prominent midrib, obtuse to acute at the

apex ; chromosome number, n = 10.

Distribution: Sandy soils in eastern Texas. Flowering,

May-Nov. Fig. 21.

representative specimens. UNITED STATES. Oklahoma: caddo

CO.: 4 miles W of Anadarko, Hopkins & Nelson 881 (DS, tex, uc) ;

COMANCHE CO.: State Fish Hatchery, Robertson 106 (tex); swanson

CO.: near Mountain Park, Stev&ns 1278 (ds, us). Texas: Austin CO.:

Industry, Wurzlow 35 (us); Brazoria CO.: Substation no. 3, Angle-

ton, Cory 51081 (DS, GH, UC, us); brazos CO.: 2 miles S of College

Station, Ammerman 7 (mo, uc) ; BURLESON CO.: Lyons, Maite 6536

(tex); Colorado CO.: Eagle Lake, Biology Clcuss 41 (tex); Dallas

CO.: N of Dallas, Eggert s.n. (mo) ; fayette CO.: Muldoon, Ripple

51-743 (tex); freestone CO.: 11.5 miles ESE Fairfield, Turner 4447

(TEX); Galveston CO.: Moses Lake, 3 miles NW of Texas City,

Turner 3070 (tex); Harris CO.: 5 miles SE of Genoa, Cory 50695

(ds, GH, uc, us); lee CO.: 1V2 miles SW of Giddings, Cory 55758

(us); Montgomery CO.: pine woods, Dixon 478 (f) ;
san jacinto

CO.: Evergreen, Joor s.n. (mo); san jacinto CO.: S of Mathis, Rose
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Fig. 20. Palafoxia rosea var. rosea, A & B. P. rosea var. macro-

lepis, C. A. Top of plant, X 1^- B. Achene and pappus, X3. C.

Aehenc and pappus, X3.
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& Russell 24159 (gh) ; san saba CO.: Cherokee, Joor s.n. (mo);
travis CO.: Austin, Tharp 189 (GH, tex) ; victoria CO.: 10 miles

SW of Victoria, McVaugh 12412 (mich, us); walker co.: SW of

Huntsville, Conj 50669 (Gil); Wilbarger CO.: Ball 1230 (f).

This variety is mostly confined to forest areas of eastern

Texas and is best distinguished by its smaller heads, with
smaller florets and pappus. In central Texas it appears to

intergrade with the western populations, which are desig-

nated below as var. macrolepis. In Llano Co., for example,
short and long pappus forms are found in the same popu-
lation (Tinner & Johnston 2512, tex) although the plants

possess the larger heads of var*. macrolepis.

lib. Palafoxia rosea var. macrolepis (Rydb.) B. L. Turner
& M. I. Morris, comb. nov. Fig. 20.

Othake macrolepis Rydb., Bull. Torr. Bot. Club 37:332.

1910. type: united states. Colorado: bent CO.: Rule
Creek, Osterhout 4097 (Holotype, ny!). Polypteris macro-
lepis (Rydb.) Cory, Rhodora 38:408. 1936. Othake tex-

anum var. macrolepis (Rydb.) Baltzer. Ann. Mo. Bot.

Gard. 31:258. 1944. Palafoxia texana var. macrolepis
(Rydb.) Shinners, Field & Lab. 20:97. 1952.

Palafoxia rosea var. papposa Shinners, Field & Lab. 20:

95. 1952. type: united states. Texas: bexar co. : San
Antonio, Apicultural Laboratory, Parks s.n. (Holotype,
tam!; isotypes, smu!).

Similar to var. rosea, but possessing larger heads and
longer pappus.

Distribution: Sandy soils in plains country of south
Texas NW to Wyoming. Flowering, May-Sept. Fig. 21.

representative specimens. UNITED STATES: Colorado: las
animas CO.: 3 miles SW of Tobe, Rogers 6128 (tex). Kansas:
sumner co.: Caldwell, Carleton 340 (us). New Mexico: lea CO.:

21 ,miles W of Hobbs, Waterfall 7837 (gh)
;
quay CO.: Tucumcari

Field Station, Burnham s.n. (us); roosevelt CO.: 2 miles S of
Portales, Turner 4720 (tex). Oklahoma: Caddo CO.: 4 miles W of
Anadarko, Hopkins, Nelson & Nelson 881 (mo) ; mc clain CO.: John-
son's pasture, Barkley 1499 (mo). Wyoming: converse CO.: T. 38

I
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rosea var. macroiepis

Palafoxia rosea rosea

Fig. 21. Distribution of Palafoxia rosea var. rosea and P. rosea

var. macroiepis.
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N., R. 67 W., Oxvnbey 1051 (gii, mo, ny, uc). Texas: Andrews CO.:

1 mile S of Andrews, Gentry 1919 (ariz) ; ATASCOSA CO.: Pleasanton,
Palmer 9757 (ds, us); bee CO.: Papalote, Alters 46338 (tex) ; BEXAR
CO.: S of San Antonio, Ammcrman 97 (mo, uc) ; Callahan CO.:

Clyde, Palmer 13818 (us); Cochran CO.: Whiteface, Turner 4718
(tex); crane CO.: 4 miles S of Crane, Tliarp s.n. (gii, tex);
dawson CO.: 8 miles N of Lamesa, Rose-Innes & Moon 1002 (tex);
dewitt CO.: western part of county, Ricdel s.n. (tex); dickens Co.:

Spur, Reed 3240 (us) ; donley CO.: 10 miles NW of Clarendon,
Rose-Innes & Moon 1022 (tex); EASTLAND CO.: Ranger, Hodge Oak
School s.n. (UC); ECTOR CO.: 8 miles S of Odessa, Tliarp s.n. (tex,

us); FLOYD CO.: escarpment of Staked Plains, Ferris & Duncan 3375
(CAS, DS, mo) ; garza CO.: 10 miles from Post City, Ruth 1240
(micii); gonzales co.: Whitchouse s.n. (micii, tex); iiardeman co.:

Chillicothe, Ball 979 (us); Howard CO.: Big Springs, Tracy 7882
(f, gh, tex, us); karnes Co.: Karnes City, Johnson 827 \tex);
live oak CO.: 11 miles N of Three Rivers, Thompson & Turner 12
(tex); llano CO.: Field Creek, Turner & Johnston 2512 (tex);
Mitchell CO.: Coloi-ado City, Oyster s.n. (cas, micii); hemphill
CO.: 2 miles NE of Canadian, Cory 16272 (gii) ; terry CO.: Wellman,
Reed 3788 (tex, us); TRAVIS CO.: Austin, Tharp 189 (mo, tex);
Wilson CO.: 10 miles SW of Floresville, Sullivan & Turner 1 (tex).

Baltzer (1944) recognized this taxon as a variety of

Palafoxia tcxana as did Shinners (1952), although the

former worker restricted the name to plants from Colorado
and Wyoming-, designating the Texas and Oklahoma ma-
terial as variety texana. We agree with Shinners that the
Texas populations belong with var. macrolcpis, but differ

of the variety in P. texana. Rydbergacement

(1910) also suggested that the relationship of var. macro-
lepis is with P. rosea but preferred to confer specific status.

The two varieties of Palafoxia rosea, as treated here,

both having chromosome numbers of n = 10, intergrade
over a broad region from east to west, and occupy sandy
soils. After years of observations on numerous popula-
tions, we conclude that they are indeed more closely related
to each other than either is to any other taxon. Palafoxia
tcxana is composed of 3 varieties, all diploid with n = 11

;

these taxa replace each other geographically and intergrade
peripherally. To the north P. texana is replaced by the
contiguous P. rosea.
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12. Palafoxia texana DC. Prodr. 5:125. 1836. type:

UNITED states. Texas: Berlandier pi. exs. 2014 (Photo-

graph of holotype, g-dc!; isotyp&i, Gh!, mo!).

12a. Palafoxia texana DC. var. texana. Fig. 22.

Polypteris texana (DC) Gray, Proc. Am. Acad. 19:30.

1883. Othake texanum (DC.) Bush, Trans. Acad. Sci. St.

Louis 14:176. 1904.

Othake canescens Rydb., N. Am. PI. 34:60. 1914. type:

MEXICO. Nuevo Leon: Monterey, Ptingle 1919 (Holotype,

ny!; isotypes, f!, mich!, UC!, us!).

Plants annual, 20-80 cm tall ; stems erect, usually several

from a suffruticose base (often appearing perennial),

densely pubescent with white, scabrous, appressed hairs,

capitate glandular only in the inflorescence; mid-stem

leaves linear-lanceolate to ovate-lanceolate, 3-nerved, 0.5-

2.0 cm wide, 3-8 cm long, with petioles 1-3 cm long; prin-

cipal involucral bracts 12-15, linear-oblanceolate, acute to

obtuse, densely strigose, not or rarely glandular; florets

pinkish-white to pink, regular; corolla 8-10 mm long, tube

slender, 3.5-5.0 mm long, throat campanulate, 0.4-0.6 mm
long, lobes linear, 3-4 mm long; style branches 3-5 mm
long; achenes 4-6 mm long, obpyramidal, 4-sided, rather

evenly pubescent with short, silky, ascending hairs
;
pappus

scales 8, 2.5-5.0 (-6) mm long (the outermost achenes with

the shorter scales) ;
chromosome number, n = 11.

Distribution: Southern Texas and adjacent Mexico,

mostly in rocky or gravelly calcareous soils. Flowering,

Mar.-Nov. depending on rains. Fig. 18.

representative specimens. UNITED STATES. Texas: dimmit

DUVAL

of Freer, Thompson & Turner 35 (TEX); frio CO.: Melon, Muller

2608 (mich, uc) ; hidalgo CO.: 1 mile N of Tabasco, Clover 93 (ariz);

Kinney CO.: "river highway" 1 mile N of Maverick County line,

Johnston 3879 (tex) ; la salle CO.: 1 mile E of Cotulla, Ferris &
Duncan 3041 (CAS, DS, mo); mc mullen CO.: 2.5 miles S of Tilden,

Tharp & Johnston 541776 (tex); maverick CO.: 6 miles N of
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Fig, 22. Palafoxia texana var. texana. A. Whole plant, X XA
B. Head, X2%.

Quemado, Johnston 3861 (tex) ; Medina CO.: 2 miles SW of Devine,

Turner 4561 (tex); starr CO.: about 5 ,miles SE of Rio Grande City,

Correll 14894 (us); UVALDE CO.: 7 miles SW of Uvalde, Skinners
7371 (gh, uc) ; val verde CO.: Del Rio, Jdues 26398 (ds, mo, us);
webb CO.: near Laredo, Mackenzie 7 (ariz, mich, mo); zapata CO.:

Highway 83, Parks RX 2884 (mo).

MEXICO. Coahuila: between Hipolito and Sacramento in El

Desierto de la Playa, Wynd & Mueller 83 (ariz, gh, us) ; San
Lazaro near the northern entrance of El Puerto de San Lazaro,

Wy & Muller 120 (ariz, gh, us); 23 miles SW of Monterey,
Warnoch
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3981 (tex); 20 miles N of Monclova, Turner 3984 (tex) ; 8 miles

SW of Saltillo, Shreve 8730, (ariz, MICH, us) ; La Rosa, W of

Saltillo, Shreve & Tinkham 9589 (gh, mich, uc) ; La Fariba cerra

de Nuevo Laredo, Selar 1031 (gh) ; about 30 km ESE of Cuatro
Cienegas, Schroeder 164 (gh); Soledad, Sabinas, Nelson 6772 (us);

Muzquiz, Marsli 1124 (f, gh, tex); Hermanas, about 40 km north-

easterly from Monclova, Marsh 1616 (f, GH, tex) ; Monclova, Marsh
1730 (f, gh, tex) ; 15 miles SE of Sabinas on the road to Don
Martin, Johnston 4335 (tex) ; 8 miles W of Saltillo, Johnston 7665
(gh); Canon de la Charretera, Sierra de la Madera, Johnston 9171

(gh); 6 km E of Saltillo, Hinton 16873 (gh), Nuevo Leon: 14 km
S of Nuevo Laredo, Frye & Frye 2385 (ds, GH, mo, UC, us) ; 12 miles

N of Sabinas Hidalgo, Heard & Barkley 14546 (gh, tex, us) ; 16

,miles SW of Villa Santa Catarina, Hernandez, Roswell, Jr. &
Barkley 16M514 (tex) ; 27 miles W of Monterey, Johnston &
Graham 4318 (tex); Monterey, Pringle 1919 (f, mich, uc). Puebla:

w/o locality, Nicolas s.n. (f). Tamaulipas: 10 miles S of Nuevo
Laredo, Heard & Barkley 14583 (tex, us); near Dolores (24° 00' X
97° 55'), Crutchfield & Johnston 5048 (tex); 3 miles W of Morales,

Crutchfield & Johnston 5351 (tex).

Palafoxia texana var. texana apparently grades into var.

ambigua along the eastern portion of its range (Tharp &
Johnston 541776, tex; Thompson & Turner 35, tex; Gra-
ham & Johnston 4367, tex) .

Shinners (1952) treated the macrolepis segregate as a

variety of this species but on cytological, morphological

and geographical grounds the former appears to be better

treated as a variety of Palafoxia rosea. For the same rea-

sons P. rosea var. ambigua of Shinners appears to be best

treated as a variety of P. texana.

12b. Palafoxia texana var. ambigua (Shinners) B. L.

Turner & M. I. Morris, comb. nov. Fig. 23.

Palafoxia rosea var. ambigua Shinners, Field & Lab. 20:

95. 1952. type: united states. Texas: SAN patricio

CO.: Aransas Pass, Cory 51241 (Holotype, smu!; isotypes,

ds!, gh!).

Resembling var. texana except in being less branched at

the base, and possessing longer leaves, shorter pappus
scales, narrower and mostly eglandular involucral bracts;

chromosome number, n = 11.
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Distribution: Southernmost Texas and adjacent Mexico,

mostly in sandy or silty-sandy soils. Flowering, Feb.-Nov.,

depending on rains. Fig. 18.

REPRESENTATIVE SPECIMENS. UNITED STATES. Texas: ARANSAS

CO.: Rockport, Fisher 39091 (ARIZ, CAS, TEX, us); bee CO.: Highway

181, Parks s.n. (mo); bexar CO.: Highway 181, Parka s.n. (mo);

brooks CO.: 12.1 miles SE of Hebbronville, Cory 1G943 (gh)
;

CAMERON CO.: Rio Hondo, Chandler 7035 (GH, UC, is); CALHOUN CO.:

Magnolia Beach, Tamer 4332 (TEX); DUVAL CO.: 17% miles N of

Freer, Cory 55315 (us); hidalgo CO.: Edinburg, Fisher 410(H)

(cas, us); jackson CO.: S of Vanderbilt, Tharp & Barkley 13A15C!

(ds, tex); jim HOGG Co.: Peira Station, Harvard s.n. (us); Jim

WELLS CO.: 2 miles S of Premont, Ferris & Duncan 324(5 (cas, ds) ;

karnes CO.: 2.4 miles NNE of Runge, Johnston 971 (tex); kenedy

CO.: El Toro Island, Tharp 49120 (tex, us); kleberg CO.: Riviera,

Tharp 3876 (tex, us); mc mullen CO.: 15 miles N of Freer,

Thompson & Graham 78 (TEX) ; nueces CO.: Corpus Christi Bay,

Heller 1562 (ariz, gh, MICH, MO, UC, us) ; REFUGIO CO.: Highway 35,

Parks s.n. (mo); SAN PATRICIO Co.: Aransas Pass, Cory 51241 (ds,

gh) ; starr CO.: 3 miles W of Sullivan City, Lundell & Lundell 9884

(ariz, ds, micii, US); victoria CO.: Highway 77, Parks s.n. (mo);

willacy CO.: near Redfish Bay, Lundell & Lundell 8774 (gh, micii)
;

wilson CO.: w/o locality, Parks s.n. (mo); zapata CO.: San Ygnacio,

Tharp 3880 (tex, uc).

MEXICO. Tamaulipas: de Matamoras a San Fernando, Ber-

landier 3027 (gh, mo); 34 miles S of Matamoros, Crutch field &
Johnston 5484 (tex) ; south of Rio Tigre crossing, LeSueur 482

(F, tex); Morales, LeSueur 483 (ariz, f, tex).

Shinners (1952) treated this taxon as a variety of Paid-

foxia rosea apparently because it usually possesses eglandu-

lar involucral bracts, a technical feature which he used to

distinguish between the species P. rosea and P. texana.

Occasional specimens of P. texana var. ambigna are found

with conspicuous glandular bracts (e.g. Warnock 21002,

tex) and many specimens may be found with only a few

scattered glandular trichomes. Likewise, specimens similar

to var. texana are often found with eglandular bracts. On
total morphological grounds, chromosome number, distribu-

tion, and because it grades into P. texana to the west, we
have treated the taxon as a variety of that species.
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Fig. 23. Palafoxia tcxana var. ambigua, A & B. P. texana var

robusta, C & D. A. Head, X2%. B. Floret, X3. C. Head, X^Vz
D. Floret, X4.



626 Rhodora [Vol. 78

12c. Palafoxia texana var. robusta (Rydb.) B. L. Turner

& M. L Morris, comb. nov. Fig. 23.

Othake robustum Rydb., N. Am. Fl. 34:60. 1914. TYPE:

Mexico. Tamaulipas: sand dunes of Gulf Coast, Tampico,

Pringle 6354 (Holotype, ny!; isotypes, cas!, f!, mo!, UC!).

Polypteris robustum (Rydb.) Cory, Rhodora 38:408. 1936.

Othake roseum var. robustum (Rydb.) Ammerman, Ann.

Mo. Bot. Gard. 31:257. 1944.

Much resembling P. texana var. ambigua but differing

om
1 m

much more robust (m

chromosome number not determined.

Distribution: Dune sands along the Gulf Coast from

northernmost Veracruz to central Tamaulipas.

Jul.-Nov. or later, depending on rains. Fig. 18.

Flowering,

representative specimens. MEXICO. Tamaulipas: Tampico,

Fisher 46177 (cas, us) ; Tampico, Kenoyer 728 (f, mo) ; 1 mile N of

Ciudad Madera, King 4003 (tex) ; 2 miles NE of Altamira, King

4030 (tex); Tampico, Miramar, Mell s.n. (ny) ; vicinity of Tampico,

Palmer 38 (cas, f, gh, mo, ny, us) ; 8 miles NE of Tampico,

Waterfall & Wallix 14G42 (f). Veracruz: 1 miles N of Las Casitas

(across the river from Nautla), Graham & Johnston 4803 (tex);

2 kilometers out of Tampico on road to Valles, Johnston 4055

A

(tex); La Guadalupe (20° 25' N.L.), ca. 15 kilometers S of Rio

Tecolutla .mouth, Sailer & (hide 3022 (Wis).

EXCLUDED NAMES

Palafoxia pedata (Cav.) Shinners, Field & Lab. 17:25.

1949. This name refers to Florestina pedata (Cav.) Cass.

Diet. Sci. Nat. 17:155. 1820.

Palafoxia liebmannii (Schz. Bip. ex Greenm.) Shinners,

Field & Lab. 17:25. 1949. This name refers to Florestina

liebmannii Schz. Bip. ex Greenm. Field Mus. Publ. Bot. 2:

272. 1907.

Palafoxia tripteris (DC.) Shinners, Field & Lab. 17:24.

1949. This name refers to Florestina tripteris DC. Prod.

5:655. 1836.
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CHROMOSOMES OF MEXICAN SEDUM
I. ANNUAL AND BIENNIAL SPECIES

Charles H. Uhl

m
Mexico. Jacobsen (1974), whose concept of the genus is

followed most closely here, listed 82 species for Mexico,

but several of these probably are best reduced to synonymy.

On the other hand, Jacobsen omitted some species that

appear distinct, and new species are still being found at a

significant rate as new areas become accessible. At least

ten species of Sedum studied for this series of papers are

considered to be new and undescribed.

Sedum is the catchall genus for the Crassulaceae, and

in addition to the more "typical" species it includes a num-

ber of peculiar species that are not easily assigned to other

1 genera. In vegetative habit the Mexican sedumsname
range from annuals and biennials to mostly perennials,

from delicate, mi
meters

more high. With a few exceptions the floral form is rea-

sonably constant, with 5 sepals, 5 essentially separate and

spreading petals, ten stamens in two whorls, and 5 separate

carpels. However, one (unnamed) biennial species is te-

tramerous some

6 or more parted. In some species the corolla is mostly

or partly erect, .spreading only in the distal half or less,

and in a few species the petals are basally connate for as

much as 1 or 2 mm. Two species (one of them unde-

scribed) have only 5 stamens. In a few species the nectar

scales are greatly enlarged (e.g., Fig. 19), and a few have

the carpels united for a short distance at the base. Most

m
species form inflorescences at the tips of previoi

tative stems, but some species (Section Pachysedi

larly bear lateral inflorescences.

Important characters of succulent plants are not well

preserved in herbarium specimens, which therefore may

629
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provide seriously inadequate information when new species

are described from them. This deficiency is compounded
when the type locality is not clearly indicated or cannot

be located today. Thus, identification of some plants is

very difficult because descriptions of some species are in-

adequate, having been based on dried specimens.

In these studies about 50 different chromosome numbers
ranging- from n = 7 to n = ca. 140 have been found in the

90 or so species studied. Generally a rather broad concept

of species has been followed, and some species, as conceived

here, are variable morphologically. A good many are also

variable cytologically, with two or more chromosome num-
bers, and one species has no less than ten numbers.

Most collections came from known localities in the wild,

but many were grown in the greenhouse before study.

Pressed vouchers of virtually all are in the Wiegand Her-
barium or Bailey Hortorium of Cornell University. Chro-

mosomes were studied at meiosis in conventional aceto-

carmine squashes of pollen mother cells. Photographs (all

X 2,000) are of permanent preparations.

Moran
Museum

and identified many specimens. Other collections were gen-

erously provided by my colleague Professor R. T. Clausen,

by Paul C. Hutchison, then of the Botanical Garden, Uni-

versity of California, Berkeley, and by Myron Kimnach of

the Huntington Botanical Garden, San Marino, California.

For reasons of logistics and economics these counts are

reported in a series of papers, rather than all in one. Thi
first paper reports on the chromosomes of only the annual
and biennial species, which are themselves rather diverse

in form and chromosome number, and obviously include

some species that are not closely related. Some of these

species are not well known and some identifications are

very uncertain. At least one is new. Still other annual and
species

chromosome number
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may
fication of this poorly understood group.

The biennials usually die to the ground during the dry

season (winter and spring), then look very different the

second year, especially in their leaves. All biennial species

have proved difficult and this has

limited direct comparison of living plants. In most

names
pressed material. The authors of the species had never

seem

they were annual, biennial or perennial. (Indeed, some

individual plants may vary in this respect.) Jacobsen

(1974) listed eight of the species reported here, three,

apparently based on published descriptions, as perennials:

S. chihuahuense (as VMadia) , S. fiaccidum, and S. napi-

ferum. Five others were described as annual or biennial:

S. batesii (as Villadia hemsleyana) , S. cormiferum, S. for-

reri, S. jaliscanum, and S. minimum.

The species studied and their chromosome numbers are

listed alphabetically in Table I; under each species collec-

tions are arranged from north to south and from west to

east. The species are discussed below in geographic order,

from north to south.

Table I. Collections Studied.

Sedum cf. batesii Hemsley n = 31

M10106 Oaxaca. 3 mi NW of Lachao at km 177 on

road to Puerto Escondido, 1850 m (R. Moran)

(Fig. 1).

Sedum cf. chihuahuense, Wats.

U2254 Durango. 4.5 km W of Revolcaderos, 2075 m
(n = 10).

U2253F! Durango. 3 km W of Revolcaderos, 2100 m
(n = 10).

U1657 Durango. 9 km W of Espinazo, Mex. hwy. 40.

(W. Handlos 469A) (two plants both n = 9, Fig. 2).
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U1385 Durango. 4.4 km W of Espinazo monument,
Mex. hwy. 40, 2300 m (n = 10, Fig. 3).

Sedum cormiferum Clausen n = 14

SV-VG102a State of Mexico. Ravine tributary to gorge

of Tenancingo R., 4 km SSE of Villa Guerrero (R. T.

Clausen, from the type collection) (Fig. 4).

Sedum cf. flaccidum Rose n = 11

U1377 Durango. Wet flattish rocks 5 km E of La Ciu-

dad, 2600 m (Fig. 5).

U1660 Durango. 8.5 km E of La Ciudad (W. Handlos

471A).

Sedum cf. forreri Greene n = 8

U1384 Durango. 12.6 km W of La Ciudad.

U1658 Durango. 11 km W of La Ciudad (W. Handlos)

(Fig. 20).

M9995 Durango. La Ciudad, 2700 m (R. Moran)
(Fig. 6).

U1376 Durango. 7.3 km W of El Salto.

M13332 Durango. 8 km S of El Salto, 2550 m.

U1540 Durango. Just E of Navajas, ca. 65 km W of

Durango.

M13322 Durango. Navios, 59 km W of Durango, 2300

m (R. Moran).

U1374 Durango. Mex. hwy. 40 at km 55 marker W of

Durango city, 1.9 km W of Tepalcates, 2550 m.

Sedum jaliscanum S. Wats.

U1396 Zacatecas. Juchipila Canyon, 7 km S of Moya-
hua, km 99 N of Guadalajara, 1100 m (n = 18).

U1400 Jalisco. 5.5 km E of Ayo el Chico. (n = 24

prob).

U2142 Jalisco. In barranca at km 18 N of Guadala-

jara, 1300 m (probable topotype). (n = 18, Fig. 9).

U2114 Guanajuato. Picachos de la Bufa, NE of Guana-
juato city, 2300 m (w = 18)

.

U2259 Michoacan. 7 km W of Zacapu, 2200 m, on lava.

(n = 11, Figr. 7)

.
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U2I37 Michoacan. Km 49 on Patzcuaro road, 14 km E
of Uruapan, on lava, (n = 34, Fig. 14).

U1405 Michoacan. Mex. 37 at km 94, 19 km S of Urua-

pan, 1280 ra (n = 34).

U1415 Michoacan. Sierra de Ozumatlan, 32 km E of

Morelia. (n = 20, Fig. 10).

U2266 Michoacan. 7.5 km S of Zinapecuaro, 2080 m
(n = 23, Fig. 12).

U2264 Michoacan. 1 km N of Huajumbaro, 2250 m
(» = 25, Fig. 13).

U2262 Michoacan. 3.2 km SE of Huajumbaro, 2380 m
(n = 25).

U1426 State cf Mexico. Below Presa Tilostoc, S of

Valle de Bravo (n = 17 ± 1).

U1737 State of Mexico. Barranca de Ahuatenca. (R.

Moran). (n = 20).

U1445 Guerrero. Taxco. (n = 16, Fig. 8)

.

SV-T17 Guerrero. N Side of Taxco (R. T. Clausen).

(n = 16).

U1434 Morelos. 1.5 km W of Tepoztlan. (Topotype of

S. naviculare Rose), {n = 21, Fig. 11).

Sedum minimum Rose n — 11

U1470 Hidalgo. Meadow in fir forest, 2 km N of

Pueblo Nuevo, El Chico Natl. Park, 3000 m (Fig. 15).

Sedum napiferum Peyritsch n = 11

U1422 State of Mexico. Flattish rocks on W spur of

hill N of Toluca, 2750 m (Fig. 16)

.

#5 Same locality (R. T. Clausen).

S. cf . vinicolor S. Wats, n = 7

M21964 Sonora. 6 km NW of Yecora, 1525 m (R.

Moran) (Fig. 17).

S. sp. n = 22

U1381 Durango.

Ciudad, 2700 m.

km W

U1659 Same locality (W. Handlos) (Fig. 18, 19).
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The northernmost collection, Sedum cf. vinicolor S.

Wats., is a fibrous-rooted annual about 10 cm high, much

branched at and near the base, with stems and leaves

marked with many tiny wine-colored spots, probably de-

pending partly on exposure to sun. The sepals are green,

rather thick and spreading, a little shorter than the corolla.

The petals are pale greenish yellow in the distal half,

increasingly marked toward the base with wine-colored

spots, usually in transverse bands. The filaments and pis-

tils are heavily spotted with the same color. The plants

resemble S. cf. forreri from farther south, but the petals

are narrower and yellowish in background color (vs. white

in cf. forreri) , and the carpels do not become as widely

spreading. This species has the lowest chromosome num-
ber (n = 7, Fig. 17) yet found in more than 200 species of

Mexican Crassulaceae studied (Uhl, 1970; Uhl and Moran,

1973; Uhl, unpublished). The plant came from near

Yecora, Sonora, near the Chihuahua border and probably

less than 100 km from the type locality of S. vinicolor

(Norogachi, Chihuahua) but more than 1000 meters lower.

The next four species were collected along or near the

highway (Mex. 40) from Durango to Mazatlan, which

provides the only good access to the vast Sierra Madre
Occidental. The genus is very poorly known in this area,

and the identifications from here also are only tentative.

Sedum sp., a small napiform biennial with very pale

greenish tetramerous flowers and conspicuous brownish

nectaries (Fig. 19), is very distinctive and certainly an

undescribed species (n = 22, Fig. 18). It was found only

at Puerto Buenos Aires, 9 km west of the sawmill town of

La Ciudad and 154 km west of Durango city.

Sedum cf. forreri Greene is a fibrous-rooted annual with

leaves and stems usually strongly flushed with red and with

white petals cross-banded with red (Fig. 20 ; n = 8, Fig. 6).

It occurs at many rocky places along the road from 55 km
west of Durango for about 100 kilometers westward,
to west of Puerto Buenos Aires. The type locality of S.

forreri is vaguely given as the "higher Sierra Madre, back
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of the city of Durango" at 8100 feet, and the petals are

described as white or faint rose color.

Sedum cf. flaccidum Rose is a napiform biennial (?)

with flowers similar to those of S. cf. forreri in coloring,

found on open, wet, flatfish rocks at two places a few

kilometers east of La Ciudad. S. pringlei S. Wats, is pos-

for the same species. The type localityname
of S. flaccidum is Tejamen, Durango, about 135 km NE ot

La Ciudad, whereas S. pringlei was described from Cusi-

huiriachic, Chihuahua, more than 500 km to the north.

Whatever its name, its morphology, habitat and chromo

some (n = 11, Fig. 5) suggest a relationship with

S. napiferum and S. minimum of central Mexico.

Sedum cf. chihuahuense S. Wats, (n = 9 and 10, Figs. 2,

Maz
many

del Diablo (22 km west of La Ciudad) westward for 35

lometer It is biennial with narrowly

oblanceolate leaves the first year, forming a small corm,

and the second year producing cymes with small white

flowers. liscanum

Mexico

Sedum jaliscanum S. Wats, is broadly conceived here,

following Clausen (1959). It is by far the most widely

distributed, occurring in rock crevices often in lava in eight

om Mor
Mexico most

annual and biennial species studied, both morphologically

and cytologically. Clausen found statistically significant

differences in among

different localities, but he considered them all the same

species. In 16 collections studied at least eight different

chromosome numbers were found, ranging from n = 11 to

34 (Fig. 7-14). The type locality is near Guadalajara,n
where n = 18 was found (U2142, Fig. 9). A topotype of

S. navicular'e Rose, reduced to S. jaliscanum by Clausen

(1959), had n = 21 (U1434, Fig. 11). In most collections,

especially those with n = S4 (Fig. 14), (but not in those
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with n = 18) the chromosomes
dum

Sedum jaliscanum is widespread as disjunct populations

in a rugged volcanic area that is remarkably variable and

that must have experienced frequent and drastic changes

in local environments. On the one hand, volcanic activity

and fluctuations in available moisture during alternate

pluvial and dry periods (presumably coinciding with gla-

cial advances and retreats on the higher summits and

farther north) must have repeatedly fragmented, deci-

mated, or exterminated earlier populations of the species.

On the other hand, the same changes provided new and

favorable habitats elsewhere. time

numerous colonizations and recolonizations of newly suit-

able areas must have occurred. These conditions, together

with the short biennial generation time, provided a great

many chances for new and different chromosomal types

to occur and to become fixed. Stebbins (1974, pp. 158-

159) pointed out that great chromosomal diversity is

found in many groups of herbaceous plants in pioneer

habitats of this sort, and he attributed this probably to

"selective pressure for linked gene combinations". The

favored combinations are not the same in all populations

nvironment may favor dine

chromosomal arrangements

number

Figs. 1-18: Chromosomes at metaphase I in pollen mother cells,

X2000. Fig. 1: S. cf. batesii, M10106, »=81. Fig. 2: S. cf. chi-

huahuense, U1657, to= 9. Fig. 3: S. cf. chihuahuense, U1385, »=10.

Fig. 4: S. cormiferum, SV-VG102a, n=U. Fig. 5: S. cf. flaccidum,

U1377, to= 11. Fig. 6: S. cf. forreri, M9995, w= 8. Figs. 7-14: S.

jaliscaminu Fig. 7: U2259, n=ll. Fig. 8: U1445, n= 16. Fig. 9:

U2142, to= 18. Fig. 10: U1415, w= 20. Fig. 11: U1434, to= 21

(metaphase II). Fig. 12: U2266, w= 23. Fig. 13: U2264, to= 25.

Fig. 14: U2137, n= 34. Fig. 15: S. cf. minimum, U1470, to= 11.

Fig. 16: S. napiferum, U1422, to= 11. Fig. 17: S. cf. vinicolor,

M21964, n= 7. Fig. 18: S. sp., U1659, n= 22. Fig. 19: Flower of

S. sp. (U1659), X4. Fig. 20: Flower of S. cf. forreri (U1658),

X2.5 (millimeter scale).
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omosome number
34 (Fig. 14), is more than three times the lowest numbe
n = 11 (Fig1

. 7). However, the size of the chromosom<
seems

chromosomal m
many

no polyploidy involved.

mediate numbers suggest that the variation in „ _. „

number may be sufficiently accounted for by dysploidy, i.e.,

by evolutionary rearrangement of essentially similar ge-

netic material into different numbers of chromosomes, with

Dysploidy is common in the Mex-
ican Crassulaceae, including Sedum, but in no other Mex-
ican species has it developed to this extent.

An apparently parallel situation occurs in the similarly

polymorphic S. polytrichoides of Japan and South Korea,
which exhibits a similarly wide range of 13 different chro-

1972).

from n = 11 to n = 35 (Uhl and Mor
is of nuclear volume in S. polytriehoh

tion with chromosome number, suirtre

ing dysploidy, probably with no polyploidy.

Sedum minimum (n = 11, Fig. 15) is known from only
three localities, each with perhaps a different subspecies
(Clausen, 1959). Stoutamire and Beaman (1960) reported
n = 10 in S. minimum from Nevado de Toluca, the type
locality. The material studied here came from Pueblo
Nuevo, Hidalgo, a population that Clausen (1959, p. 303-
304) considered possibly a different .subspecies or even
species.

Sedum napifcrum (n = 11, Fig. 16) is known from only
one locality, just north of Toluca. Clausen (1959) con-
sidered it closely related to S. minimum, and this view is

supported by the similarity of their chromosomes. S. cf.

flaccidum (above) occurs in similar habitats (wet, flattish

rocks) along the Durango-Mazatlan road. It is similar to
these two morphologically; it also has n = 11, and it

probably is related.
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Sedum cormiferum (n = 14, Fig. 4) was studied from
a plant of the type collection, and its only known locality.

Clausen (1959) ed the species most clo:

folium (n = 34 prob.).

Sedum cf. batesii (n = 31, Fig. 1) of the Sierra Madre
del Sur "is most closely related to S. jaliscanum" (n = 11

to n — 34) of central Mexico (Clausen, 1959, p. 289).

Together with iS. cf. chihnahuense (n = 9 and 10) of

northwestern Mexico, these three may comprise a second

group of related biennial species.

Chromosome numbers found in more than 200 species of

Mexican Crassulaceae that have been studied include every

number from n = 7 to n = 36, as well as many higher

numbers (Uhl, 1970; Uhl and Moran, 1973; Uhl, unpub-
lished). It is noteworthy that the three lowest numbers
(n = 7 to n = 9) are known only in the annual and bien-

nial species of Sedum reported here, along with several

species having n = 10 or n = 11. The lowest number
known in a perennial species is n = 10 in an undescribed

Villadia (Uhl, unpublished).

SUMMARY

Chromosome numbers are reported for ten annual and
biennial species, including one undescribed species and
several others not certainly identified. S. cf. flaccidum, S.

minimum, and S. naviferum are similar morphologically

and all have n = 11. At least eight different numbers from
n = 11 to n = 34 were found in the widespread and poly-

morphic S. jaliscanum, with the chromosomal variation

attributed probably to dysploidy, rather than to polyploidy.

S. cf. chihnahuense (n = 9, 10) and S. cf. batesii (n = 31)

may be related to S. jaliscanum. S. cf. vinicolor has n = 7,

the lowest number known in the Mexican Crassulaceae, and
the related S. cf. forreri has n = 8. Sedum cormiferum
has n = 14, and an undescribed species has n = 22.
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EVIDENCE OF NATURAL HYBRIDIZATION
BETWEEN MIMULUS RINGENS AND

MIMULUS ALATUS (SCROPHULARIACEAE) 1

D. R. Windler, B. Eugene Wofford,
and Mark W. Bierner

A population of Mimulus that consisted of plants typical

of M. ringens L. and M. alatus Ait. as well as plants that

exhibited intermediate morphological characteristics was
located along the Patapsco River in Baltimore Co., Mary-

land. A mass collection of the population was made and

morphological and chemical studies were initiated to de-

termine whether or not the populational variation was the

result of hybridization between the above two taxa.

Mimulus ringens and M. alatus are the only representa-

tives of Mimulus sect. Mimulus (sect. Eumimulus of Gray).

This section is characterized as a group of erect, glabrous

perennials with pinnately veined leaves and leafy racemes.

The flowers are usually violet or violet-purple, but occa-

sional white forms are observed. The more common M.
ringens has clasping or sessile leaf bases, wingless stems,

peduncles 3-6 cm. long, and calyx teeth that are usually

longer than 2 mm. Mimulus alatus has petiolate leaves,

winged stems, peduncles less than 1 cm. long, and calyx

teeth that are usually shorter than 2 mm.
According to Pennell (1935) the two species are sym-

patric over most of the eastern United States. He described

the habitat of both species as "stream-banks, swales, and
swamps, especially where alluvial or calcareous" ; however,

the authors, while gathering materials of the two species

in the Knoxville, Tennessee area, observed that Mimulus
ringens occurs in open, marshy areas while M. alatus

occupies shaded stream banks. Whether this generalization

holds over the entire range of the two species will require

further investigation.

Contribution from the Botanical Laboratory, The University of

Tennessee, Knoxville, N.S. 481.

641
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MATERIALS AND METHODS

Specimens used in this study were collected along the

north side of the Patapsco River just west of Gun Road

in Baltimore Co., Maryland (Mimalus ringens— Windier

4083, M. alatus— Windier 4082 and putative hybrids—
Windier 4081) and in Knox Co., Tennessee, in open,

marshy areas 0.4 mile east of US 129 on the south side

of Cherokee Blvd. (M. ringens— Wafford & Windier 5000)

and in the woods along a shaded stream bank 4.1 miles

south of the Tennessee River on the east side of US 129

(M. alatus— Wofford & Windier 5001). Vouchers are

deposited in the University of Tennessee Herbarium,

Knoxville (tenn). Although this study centers on the

Patapsco River population, specimens from pure popula-

tions of M. ringens and M. alatus from the Knoxville area

were examined for purposes of comparison.

The Patapsco River population consisted of approxi-

mately fifty individuals of which a very high percentage

(ca. 40%) were designated as putative hybrids. Of the

remaining plants, ca. 35% were designated as Mimulus
ringens and ca. 25% as M. alatus. The plants were ran-

domly scattered in a partially shaded drainage depression

that did not contain water at that time but appeared to

collect and retain water for short periods during rains.

This could be considered a fairly intermediate habitat

between the open, marshy habitat of M. ringens and the

shaded stream bank habitat of M. alatus observed in the

Knoxville, Tennessee area.

A scatter diagram of the Patapsco River population

(Fig. 1) was constructed in order to obtain a visual repre-

sentation of the populational variability. Because leaf

base shape and winging of the stem are difficult char-

acters to quantify, peduncle length and calyx lobe length

were used as the coordinates of the diagram. Measure-

ments were made on flowers at anthesis.

Pollen was obtained from anthers of flowers at anthesis

and stained with aniline blue in lactophenol as an indicator



1976] Mimulus— Windier, Wofford & Bierner 643

5

4

0>
c
0>

0)

o

3

2

X 1

5

o
o

o o

M. ringens
o

° °o 9>

®

®

®®
®
®
®

® ®®
® ®

••
• M. alatus

o o

hybrids
®

oo
o

1 2

Peduncle Length
3 4
cm

5

Fig. 1. Scatter diagram of the Patapsco River, Maryland popu-

lation of Mimulus.

of pollen viability. The mean, standard deviation and
range were determined for Mimulus ringens, M. alatus,

and putative hybrids from the Patapsco River population

and for M. ringens and M. alatus from pure populations

(Table 1). The means were then analysed statistically by

the Duncan's new multiple range test modified for unequal

numbers of observations (Steel & Torrie, 1960) to de-

termine if there were significant differences in percentages

of pollen viability.
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All plants used in this study were analysed for flavonoid

chemical constituents (Fig. 2, Table 2) following the

methods of Mabry, Markham, and Thomas (1970). Mid-

stem leaf material was extracted overnight in 85% metha-

nol, the extract was .spotted on Whatman 3MM chromato-

graphic paper and chromatograms were developed in sol-

vent systems of tertiary butanol:glacial acetic acid:water

(3:1:1) for the first dimension and 15% glacial acetic acid

for the second dimension. When sufficient quantities could

be isolated, compounds were analysed by ultraviolet spec-

troscopy and were hydrolysed by refluxing at 100° C for

one hour (3 hours for compound 2) in 6% HCL Aglycones

and sugar residues were separated by partitioning in ethyl

acetate and water, the aglycones moving into the ethyl

acetate and the sugars into the water. Aglycones were

o
>
o

o©
TBA

Fig. 2. Composite chromatographic profile of flavonoids in Mimu-
lus (Sect. Mimulns).
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then rechromatographed and analysed by standard pro-

cedures. Trimethylsilyl ether derivatives of the sugars

were prepared and analysed by comparison to known
standards on a Bendix 3600 gas chromatograph equipped

with a 6 ft. X 0.25 in. column packed with acid washed

silanized chromosorb W coated with 3% SE-52 and run

at a temperature of 180° C.

RESULT AND CONCLUSIONS

The scatter diagram (Fig. 1) separates the individuals

into three groups. Those at the lower left are most like

Mimulus alatus, those at the upper right are most like

M. ringens and those in the center are putative hybrids.

The putative hybrids, while fairly closely clustered, exhibit

some variability in the direction of the M. ringens indi-

viduals. This relatively tight clustering would suggest that

most are probably Fi hybrids, but the existence of three

individuals somewhat separated from the others (Fig. 1,

arrows) could indicate that backcrossing to M. ringens

has occurred. The variability observed in the M. ringens

individuals could simply be the result of phenotypic plas-

ticity as is commonly observed in outcrossing species.

However, the existence of putative backcross individuals

suggests the additional possibility that the morphological

variability in M. ringens could be the result of introgres-

sion. The tight clustering of the M. alatus individuals and

their clear spacial separation on the diagram from the

putative hybrids suggests that there has been little or no

backcrossing in the direction of M. alatus.

The pollen stainability results are shown in Table 1. The

Duncan's new multiple range test showed that pollen stain-

ability in the putative hybrids is significantly lower than

Mimulus
among

If extensive backcrossing (i.e., introgression) were occur-

ring, and assuming that genetic material of one taxon

entering the gene pool of another taxon will cause some
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Table 1. Pollen Stainability in Mimulus (Sect. Mimulus)

Number Percent

of obser- Stain-

Taxon vations ability St. Dev. Range

M. alatvs (Tenn.) 7 95.71 5.05 85-99

M. alatus (Md.) 10 95.90 4.48 86-100

hybrids (Md.) 16 36.62 8.78 18-49

M.Hngens (Md.) 14 94.14 3.99 87-100

M. ringens (Tenn.) 7 97.00 3.26 90-99

meiotic irregularities and hence a higher percentage of

inviable pollen, one might expect to observe lower pollen

stainability in the parents of the mixed population com-
pared to the parents from pure populations. This does not

appear to be an unreasonable assumption in light of the

fact that the three individuals indicated on the scatter

diagram as possible backcrosses (see also chemical discus-

sion below) have pollen stainabilities of 27%, 34%, and

41% compared to a range of 87-100% among the M. r\n-

gens individuals. The significantly lower pollen stainability

in the putative hybrids, therefore, strongly suggests that

hybridization is occurring in the Patapsco River population

while no significant differences in pollen stainability among
the parental taxa suggest that extensive backcrossing to

either parent is not occurring.

A total of 12 phenolic compounds were detected on the

chromatograms of the two species and the putative hybrids

(Fig. 2). Unfortunately, many of the compounds were
very weak and difficult or impossible to identify even after

large quantities of leaf material were extracted and chro-

matographed on columns of Sephadex LH-20. We were
unable to obtain any ultraviolet spectral data on compounds
1, 4, 5, 6, 7, and 12, and each of these compounds, there-

fore, is assumed to be identical in different individuals on
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Table 2. Distribution of flavonoids in Mimulus (Sect.

Mimulus)
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the basis of Rf values and color characteristics. Spectral

com
were partially identified as an apigenin 7-0-glycoside and
a quercetin 3-0-glycoside, respectively. Spectral data and
sugar analyses were obtained for the remaining com-
pounds, which were identified as luteolin 7-0-glucosylglu-

curonide (2), quercetin 3-0-glucoside (8), quercetin 3-0-

rhamnogl kaempferol

ompounds
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in Mimulus alatus, 2 are found in M. ringens and 5 are

found in both .species. All but three of the putative hy-

brids contain all compounds including one (12) not found

in either species (Table 2). This distribution of flavonoids

represents a classical case of hybrid complementation in

the sense of Alston and Turner (1963) and the individuals

with complementary chromatographic profiles, therefore,

are probably F, hybrids. The three putative hybrids

{Windier 4081-12, 20 and 21) that do not exhibit com-

plementation are the .same ones that were noted earlier

as being somewhat separated from the other putative

hybrids (Fig. 1, arrows). Their flavonoid profiles are

similar to M. ringens and they may, as suggested earlier,

represent backcross individuals. Levin (1967, 1968), for

example, found that backcross individuals of Phlox and

Liatris usually have the chromatographic profile of the

recurrent parent and contain none of the compounds of

the non-recurrent parent. That the above three plants

are indeed backcrosses and not variable M. ringens indi-

viduals is further substantiated by other data that show
that they are fairly well separated from the M. ringens

plants morphologically, and more importantly they exhibit

low percentages of pollen stainability when compared to

the M. ringens individuals (see pollen stainability results).

SUMMARY

Morphological and chemical evidence as well as pollen

stainability data indicate that extensive hybridization is

occurring in the Patapsco River population. Furthermore,

morphological and chemical data are in agreement that at

least limited backcrossing to Mimulus ringens is taking

place. However, pollen data strongly suggest that back-

crossing has not been extensive and, therefore, the morpho-

logical variability in M. ringens noted in the scatter dia-

gram is probably due to phenotypic plasticity and is not

the result of introgression.
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THE TAXONOMY OF POTAMOGETON
SUBSECTION HYBRIDI IN

NORTH AMERICA

A. A. Reznicek and R. S. W. Bobbette

Potainogeton subsection Hybridi is a very distinctive

group of small, linear-leaved Pondweeds. Especially char-

acteristic of the group are stipules adnate to the leaf

base with the free tip projecting as a ligule, the ability to

fruit freely with or without floating leaves, and fruits with

a conspicuous cochleate embryo. The unusual, flattened

fruits distended by the easily visible spiral of the embryo

are unique to this subsection.

The group is restricted to the Americas where it is

widely distributed from Newfoundland south to Cuba and

central Mexico and west to California and southern British

Columbia. One representative is found in Brazil (Fernald,

1932, 1950; Hitchcock and Cronquist, 1973).

The general ecology of the North American species is

isimilar in many respects. It is here briefly described as

some ecological features are of importance taxonomically.

The species usually occur in rather shallow water, growing

near shores, in streams and in shallow ponds and bays.

They are sometimes found in only a few inches of water.

All will grow more or less exposed on mudflats and shores

producing a terrestrial form with much shortened inter-

nodes and only dilated leaves. Observations in the field and

examination of specimens indicate that all the species may
be either annual or perennial in duration. They may peren-

lzomes

entiated winter buds.

From a taxonomic .standpoint, the group has long been a

source of considerable confusion. The number of species

650
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contemporary

from

sifoli

fo li

P. capillaceus Poiret and P. bicupulatus Fernald (Fernald,

1932, 1950). The difference in opinion as to the number

of species is a result of the separation of P. diversifolius

sensu lato into three species by Fernald (1932). Our in-

vestigation was prompted by the collection of a fine-leaved

Potamogeton belonging to subsection Hybridi which was

not previously known to occur in Canada. Initial attempts

to name the .specimens and related material proved unsatis-

factory and further research was undertaken.

MATERIALS AND METHODS

This study is based on approximately 1850 specimens

borrowed from the following herbaria: ACAD, CAN, DAO,

ILL, GH, MIN, MO, NCU, TRT, NY, QK, TEX, UARK, US, USF,

UWM, and the herbarium of the Algonquin Park Museum.

In addition, populations of Potamogeton spirillus and P.

bicupulatus were examined in the field in Canada.

THE SEPARATION OF POTAMOGETON SPIRILLUS

Potamogeton spirillus is regarded as distinct by all con-

temporary authors. Our observations have shown it to be

easily distinguished from the other two taxa 1 of this group

by a number of features. These features are summarized

in Table 1. Figs. 1 and 2 illustrate the differences in the

fruits and the degree of stipule fusion.

*As will be shown subsequently, there are two other taxa in this

subsection; a fine leaved northern plant called Potamogeton bicupu-

latus and a broader leaved, more southern species called P. diversi-

folius. They are referred to by these names in these and following

figaires.
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P. spirillus

Table 1 : Distinction of P. spirillus

P. bicupulatus and
P. diversifolius

Fruits without lateral

keels

Fruits 1.3-2.4 mm in

diameter

Peduncle of submersed

spike up to 3 mm
Fused portion of stipules

longer than free ligule

Phyllodal leaves 15-80

times longer than wide

Phyllodal leaf tips usually

rounded to subacute

Fruits usually with lateral

keels

Fruits 0.9-2.0 mm in diameter

Peduncle of submersed spikes

1-10 mm
Fused portion of stipule

shorter than free ligule

Phyllodal leaves 20-500 times

longer than wide

Phyllodal leaf tips obtuse to

setaceous

THE POTAMOGETON DIVERSIFOLIUS COMPLEX

Prior to Fernald's (1932) excellent work, two species

were recognized in the subsection by monographers (Mo-

rong, 1893; Ascherson and Graebner, 1907; Taylor, 1909) :

(1) Potamogeton spirillus, incorrectly called by these au-

thors P. dimorphus, and (2) P. diversifolius, incorrectly

called P. hybridus by Ascherson and Graebner. The dis-

tinctions they used to separate the two were in the main
those given here for separating P. spirillus from the other

taxa.

Fernald (1932) greatly clarified the nomenclature and
expanded the taxonomy of the subsection. He recognized

three taxa other than Potamogeton spirillus: P. diversi-

folius, P. capillaceus and P. bicupulatus. These latter three

species can be regarded as the P. diversifolius complex.

Potamogeton diversifolius was treated as a wide ranging
species with phyllodal leaves acute to obtuse and 0.5 to

2 mm wide, rounded dilated leaves and short peduncled
submersed spikes. Potamogeton bicupulatus and P. capil-

laceus he recognized as similar to each other vegetatively,
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P bicupulatus

P diversifolius

P spirillus

2

1

MM
Fig. 1. Fruits of Potamogeton bicupulatus (top), P. diversifolius

(middle), and P. spirillus (bottom).

from P. diversifoli

mm

mo

and longer peduncled submersed spikes. Fernald differ-

entiated between the two on the basis of the fruits. Pota-

leton capillaceas he considered a coastal species with

flat sided olive fruits 1 to 1.5 mm wide and the former a

rare plant of the Allegheny Mountains with 1.6 to 2.2 mm
wide fruits that were stramineous with crateriform sides.

Klekowski and Beal (1965) investigated Potamogeton

capillaceus and P. folius in the Carolinas. They

com
separate the two and presented strong evidence that it was
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not possible to recognize two taxa in the Carolinas. In

spite of this evidence, Voss (1972b) felt that Michigan

plants referable to P. capillaceus appeared distinct from

P. diversifolius. These authors did not deal with P. bi-

cvpulatus.

When specimens of this complex were examined over

their entire range, several most notable trends came to

light. After a preliminary examination of many features,

it was found that phyllodal leaf characters showed distinct

discontinuities. These discontinuities were in leaf width,

the leaf length-width ratio and the widest leaf present.

Figure 3 is a scatter diagram of leaf length :width ra-

tios versus the latitude of the collection locality. Two
clearly separate groups are illustrated. One is a very fine

leaved northern taxon with leaf length: width ratios of

om

ram

north ; the other a variable taxon that is wide ranging from

latitude 25 to 48 (but generally more southern) and has a

leaf length :width ratio of 30 to rarely more than 200. The

two groups .shown in Fig. 3 again separate clearly when
the width of the widest phyllodal leaf is used in place of

latitude (Fig. 4). Also, Fig. 5 shows a frequency diaj

of leaf width. Again, two groups show as distinct entities.

Other features such as dilated leaf length :width ratios and

emersed spike length followed the same pattern but showed

more overlap. We do not hesitate to recognize the two

groups as different taxa at the specific level.

Fernald's annotations, and comparison of specimens with

his descriptions, clearly indicate that the fine leaved north-

ern plant was the major basis for his concept of Potamoge-

ton capillaceus. The broader leaved southern plants are

P. diversifolvus.

Also clear from Fig. 3 is that wherever the two taxa

occur at the same latitude, they do not approach each other

in phyllodal leaf length: width ratio. Only where Pota-

mogeton diversifolius occurs well south of the range of the

northern fine leaved taxon do the values for this ratio

approach each other. This is a very interesting displace-



1976] Potamcgeton— Reznicek & Bobbette 657

CD

CD

CD

CD

D
CD

CD

CD

Q.

3

3

600

500-

400

!

3 300- *\

200-

o

J
*. I

1

100-

o-

:

o §
o

CO

o
o

o

o
o

8

o

8
o

8.

08
o

CO

r
0.1 0.2 0.4 0.6

° P diversifolius

• P bicupulatus

o
o 8

6 o

o

o

o

a o o

°8

8

8

o

o

o 6

o°o

o

8

o
8
o

o '-

0.8 1.0 1.2 1.4 1.6

Widest leaf mm.

Fig. 4. Scatter diagram of phyllodal leaf length: width ratio

against the widest phyllodal leaf for Potamogeton diversifolius and

P. bicupulatus.

ment of characters. Fernald also considered P. capillaceus

to include the finest leaved extreme of the southern plants.

However, as Klekowski and Beal (1965) showed, they are

indistinguishable from and merge completely with P. diver-

sifolius. The only discontinuity shown in Fig. 3 occurs

well north of the Carolinas.

That the southern plants are not merely more robust

forms of the northern is clear. Figure 3 shows that there

is a discontinuity of several degrees of latitude where there

are no very fine plants. Secondly, there are rarely any
actual overlaps in the measurements. Two specimens from
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Fig. 5. Frequency histogram of phyllodal leaf width for 300

measurements each of Potamoueton bicupulatus and P. diversifolius.

the south were seen, both from lime sinks, that did overlap

(Radford 7924, Florida, DAO; Massey et al. 2941, South
Carolina, Ncu). These two puzzling specimens are mostly

responsible for what overlap there is in the graphs and are

here considered rare extremes of Potamogeton diversi-

f Also, although there are considerable differences

in the phyllodal leaves, the northern and southern taxa

have fruits that are virtually identical in size. However,
when finer leaved southern plants (widest leaf less than 0.6

mm) were measured, their fruits were distinctly smaller
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(Table 2). This observation would not be expected if the

southern fine leaved plants that Fernald (1932) considered

P. capillaceus were more robust individuals of the northern

fine leaved taxon. It indicates that the finer leaved south-

ern plants are simply small extremes of P. diversifolius.

Table 2 : Fruit diameters of P. diversifolius complex.

Species Sample Size Mean (mm)

P. bicupulatus

P. diversifolius

Fine-leaved

Broad-leaved

450

128

322

1.43

1.36

1.42

THE IDENTITY OF POTAMOGETON BICUPULATUS FERNALD

Potamogeton bicupulatus was distinguished from P.

capillaceus mainly by fruit size, color and sculpturing

(Fernald, 1932). However, examination of specimens has
not borne out the differences in color, and the sculpturing,

based on the degree of development of the keels, was found
to be extremely variable. No discontinuities were found in

either feature. Figure 6 shows two frequency diagrams for

fruit size for the northern fine leaved taxon and P. diversi-

folius. With a large sample it is easy to see that the fruits

of the two species can range to extremes un to 2 mm. This

mm
latus and well above the maximum of 1.5 mm stated by
Fernald (1932) for P. diversifolius and P. capillaceus.

Plants considered by Fernald as P. bicupulatus are ex-

tremes of fruit size and sculpturing.

The situation proved more complex when examined in

detail. Fernald (1932) recorded three localities for his

species: Vermont, Pennsylvania and Tennessee. The Ver-
mont report was based on a single specimen (Chapman,
s.n. Lake Dunsmore, Vt. (mo!). The specimen was doubted
by Fernald and is clearly an error. The plant is Potamoge-
ton diversifolius and unquestionably the locality is incor-
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rect. When specimens from the other two areas were ex-

amined, it was found that the plants from Pennsylvania

were exceedingly fine leaved with length: width ratios over

200 and the plants from Tennessee were wider leaved with

length: width ratios well under 200. Figure 7 shows a fre-

quency diagram of leaf width for plants from the two

areas. When this is compared with Fig. 5 one can see that

the Pennsylvania plants are clearly the northern fine leaved

taxon and the Tennessee specimens are P. diversifolius.

Potamogeton bicupulatus , as conceived by Fernald, con-

sisted of localized populations of large fruited extremes of

these two similar species. The name, however, applies to

om
vania.

NOMENCLATURE

Our med Fernald's (1932) ap-

plication of the names Potamogeton spirillus Tuckerman

and P. diversifolius Rafinesque. The question of the correct

name for the northern fine leaved taxon, however, must be

settled. As discussed before, Fernald's concept of P. capil-

lly on this northern taxon. However,mai
om

septentrionale' (Poiret, 1816). Voss (1972a) searched for

this type and indicated that it might be in Herb. Desfon-

taines at Florence. Following his suggestion, this proved

to be the case and when a photograph was obtained, the

specimen was P. diversifolius with phyllodal leaves up to

0.8 mm wide. The name P. capillaeeus must be relegated

to synonymy under P. diversifolius.

names
name

Potamogeton diversifolius var. trichophyllus Morong (type

from New Jersey) ; however, the earliest name for the

taxon applied at the specific level is P. bicupulatus Fernald

(type from Pennsylvania). Fernald (1932) presented evi-

dence that P. dimorphus Rafinesque (1817), based on P.
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diversifolious W.P.C. Barton, also applies to the northern

fine leaved taxon. However, he contrasts Barton's plant

only with P. spirillus and does not mention the possibility

of the plant being P. diversifolius Rafinesque nor for that

matter his own P. bicupulatus. When the herbarium of

W.P.C. Barton was consulted, there was no type. Pennell

(1942) discusses the fact that the larger part of Barton's

herbarium is lost. As all three species of this subsection

occur in the Philadelphia region, there is no possibility of

being completely certain of the application of the name
with only the description given by Barton (1815). Without

a type, the identity of P. dimorphiis Rafinesque must be

considered in doubt. We here use the oldest name at spe-

cific level whose application to the northern fine taxon is

certain, P. bicupulatus Fernald. If the type of P. di-

morphus Rafinesque should be found, that name may prove

to apply here.

PRACTICAL TAXONOMIC DIFFICULTIES

Before the taxonomic treatment is introduced, it must
be noted that some taxonomic difficulties encountered with

these Potamogetons stem from problems in accurately ob-

serving the extremely fine parts of the plant. The widths

of the phyllodal leaves ranged mostly from 0.1 to 1.0 mm
and the lengths from 3 to 11 cm. On most collections, the

very long, narrow leaves of the finest species were usually

broken and almost invariably bent and folded. Accurate

measurement of the dimensions required measuring to

0.01 mm for phyllodal leaf width and the use of extreme

care to make sure that the full length of the leaf was
intact. It was not possible to measure all specimens. Many
poorer collections showed no complete leaves. The im-

portance of good herbarium specimens in this group can-

not be overemphasized.

Our experience indicates that the best technique for

making specimens of these Potamogetons is to float the

plants onto a more or less stiff sheet of well sized heavy
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bond paper somewhat smaller than the herbarium sheet.

After pressing- and drying* in the usual manner between
newsprint, the sheet should be placed inside a large packet

on the herbarium sheet. No glue need be applied to the

plant.

When measuring specimens for identification, care must

be taken to avoid leaves that are beginning to show a

transition to dilated leaves. This transition is very gradual

and easily overlooked. The first leaves of the year at the

base of the plant, leaves that are from late fall shoots and

proliferating shoots from; the axils of floating leaves should

also be avoided. The leaves to measure are mature leaves

on the middle parts of main stems. Seedling plants of this

group also may cause difficulties as they will be small in

most measurements although they may bear fruit. Ter-

restrial forms and collections with only dilated leaves are

often nearly impossible to determine. Flowing water forms

also differ greatly in aspect but may usually be keyed out

•successfully. They do tend to have narrower leaves than

usual.

KEY TO SPECIES"

1. Adnate portion of stipule mostly longer than free ligule,

fruits with a dorsal keel and smoothly rounded sides.

1. P. spirillus

1. Adnate portion of stipule mostly shorter than free

ligule, fruits usually with two lateral, entire to toothed

ridges forming a 'shoulder' or row of teeth on either

side of the dorsal keel.

2. Middle stem leaves 390 to 500 times as long as wide,

usually 0.1 to 0.35 mm wide, averaging 0.2 mm. . .

2. P. bicupulatus

2. Middle stem leaves 20 to 180 times as long as wide,

usually 0.3 to 1.5 mm wide, averaging 0.54 mm. . .

3. P. diversifolius

2The term leaf as used in the key refers to the phyllodal leaves.
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TAXONOMIC TREATMENT 3

1. Potamogeton spirillus Tuckerman, Amer. Jour. Sci. and

Arts, Ser. 2, 6:228, 1848. Type locality: Charles and Mys-

tic Rivers, Massachusetts. Type not traced.

Plant up to 10 dm, bushy at base, mostly with a few

elongate stems, these sparsely branched; with or without

dilated leaves. Dilated leaves 7-35 mm long, 2-13 mm wide,

lanceolate-elliptic to elliptic-ovate, obtuse, tapering to

rounded at base with 5-13 veins strongly impressed be-

mm mm
membranaceous to ± fibrous, free from leaf base. Phyl-

lodal leaves 8-80 mm long, 0.5-2 mm wide, linear, flat,

15-80 times as long as wide, rounded to acute, 1-3 veined,

usually with a lacunar band bordering midvein. Stipules

2-12 mm, membranaceous, fused with the leaf for 1.5-6 mm,

fused for half or more of the total length. Fruiting spikes

dimorphic, spikes in the axils of phyllodal leaves 2-5 mm
in diameter, 1-8 fruited, globular; peduncle up to 3 mm,
recurved. Transitional to spikes in the axils of dilated

leaves; these 4-13 mm long, 4-5 mm wide, 4-35 fruited,

ellipsoid to cylindric; peduncles 4-27 mm, slightly clavate.

Fruits 1.3-2.4 mm in diameter, ± orbicular, olive-green to

stramineous, flattened, keeled. Dorsal keel entire to sinuate,

lateral keels absent. Beak minute. Fruit concave sided,

distended by the cochleate embryo.

The distribution of this common northern species is

mapped in Fig. 8. Tuckerman's excellent description of

the plant is very clear and he carefully contrasted his plant

with Potamogeton bicupulatus (sub P. hybridus Michaux),

the only other related species occurring in Massachusetts.

There is no doubt that his name applies to this distinctive

little pondweed.

3Synonymy is cited only where it differs from that given in Fernald

(1932).
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Fi£\ 8. Distribution of Potamogeton spirillus.

2. Potamogeton bicupulatus Fernald, Mem. Am. Acad. 17:

112, 1932. Holotype: Lehigh Co., Pennsylvania, A. P.

Garber 1866 ph, photo trte(!). Probable isotypes: GH(!),

qk( !). (These specimens bear the additional data: Lehigh

water gap, Blue Mts.)

P. diversifolhis Raf. var. trichophylhis Morong, Mem.

Torr. Bot. Club. 3 : 49, 1893. Holotype : Lake Marcia, Sus-

sex Co., New Jersey, N.L. Britton, Aug 31, 1883. ny(!).

Plant up to 11 dm, bushy at base, mostly with a few

elongate stems, these sparsely branched; with or without

dilated leaves. Dilated leaves 6-23 (28) mm long, 2-11 mm
wide, lanceolate-elliptic to broadly elliptic, acute, tapering

to rounded at base with 3-7 veins strongly impressed be-

neath; petiole 5-35 mm. Stipules of dilated leaves 3-11 mm,
membranaceous, free from leaf base. Phyllodal leaves 30-

110 mm long, 0.08-0.4 (0.5) mm wide, setaceous, 190-500
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(600) times as long as wide, long acuminate to setaceous,

1 veined. First leaves of the season, leaves transitional to

dilated leaves and leaves of shoots produced late in the fall

may be shorter and wider, sometimes as little as 140 times

as long as wide. Stipules 2-12 mm, membranaceous fused

with the leaf for 0.3-8.5 mm, fused for less than half of

the total length. Fruiting spikes dimorphic, spikes in the

axils of phyllodal leaves 1.5-7 mm long, 1.5-5

1-15 fruited, globular to ellipsoid, peduncle 1-10 mm, ±
recurved, clavate. Transitional to spikes in the axils of

mm

mm lonsr. 2.5-4.5 mm
mm

clavate. Fruits 1.1-2.0 mm in diameter, ± orbicular, olive-

green to stramineous, flattened, keeled, dorsal keel entire

to dentate, two lateral keels usually present, often con-

sisting of isolated teeth, sometimes entire. Beak minute.

Fruit concave sided, usually distended by the cochleate

embryo.

This very delicate pondweed is illustrated in Fig. 9a and

m mainly

ern, it has outlying stations near Georgian Bay, Ontario,

at the head of Lake Michigan in Michigan and Indiana and

in central Wisconsin and Minnesota. This is a distribution

pattern shown by many more coastal species (Peattie,

1922; McLaughlin, 1932). In Ontario, Potamogeton bi-

cupulatus occurs in the shallow soft water of Canadian

Shield Lakes with peaty or sandy bottoms. These lakes are

notable for the large number of rare and unusual aquatic

plants that they possess. As well as P. b iciipulatus ,
in-

cluded are: Isoetes macrospora, Potamogeton oaksianus,

Eleocharis robbinsii, Juncus militaris, J. pelocarpus, Erio-

caulon septangulare, Elatine minima, Myriophyllum tenel-

lum, M. farwellii, Nymphoides cordata, Gratiola aurea,

Utricularia resuplnata, U. purpurea and Littorella ameri-

cana.
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Fig. 9a. Habit of Potamogeton bicupulatus



1976] Potamogeton Reznicek & Bobbette 669

Fig-. 9b. Habit of Potamogeton diversifolius.
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Fig. 10. Distribution of Potamogeton bicupulatus.

3. Potamogeton diversifolius Rafinesque, Med. Repos. 2. 5

:

354, 1808. Based on P. hybridus: var. p Michaux, Fl. Bor.

Am. 1: 101, 1803. Holotype in Herb. Michaux: In stagnis

Carolina, Michaux. P n.v.

P. capillaceus Poiret, Encyc. Meth. Bot. Suppl. 4: 535,

1816. Holotype in Herb. Desfontaines : Caroline septen-

trionale, M. Ddisle. PI, photo TRTE (!). (Original label

missing from specimen.)

P. folius var. multid Moi Mem
Torr. Bot. Club 3: 48, 1893. Holotype: Rehoboth City,

Delaware, G. F. Parker, Aug. 17, 1878. NY (!).

P. capillaceus var. atripes Fernald, Rhodora 39: 380,

1937. Holotype: Jones Hole amp, Coddyshore, Sussex
Co., Virginia, Fernald & Long 5976, July 20, 1936. GH ( !).

Isotypes : NY ( !) , us ( !) , MO ( !)

.

Plant up to 15 dm, ± bushy at base, mostly with elon-

gate, branched stems; with or without dilated leaves.

Dilated leaves 5-40 mm long, 2-20 mm wide, lanceolate-

elliptic to ovate or obovate to suborbicular, acute to

rounded, tapering to rounded at base with 3-17 veins
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strongly impressed beneath; petiole 2-40 mm. Stipules of

dilated leaves 2-25 mm, membranaceous to ± fibrous, free

from leaf base. Phyllodal leaves, 10-80 (110) mm long,

(0.25) 0.35-1.5 mm wide, linear, flat, 20-150 (280) times

as long as wide, obtuse to long acuminate, 1 (3) veined,

larger leaves with a lacunar band. Stipules 2-18 mm,
membranaceous, fused with the leaf for 0.3-4.0 mxn, fused

for less than half of the total length. Fruiting spikes

dimorphic, spikes in the axils of phyllodal leaves 1.5-6 mm
long, 1.5-5 mm wide, 1-15 fruited, globular to ellipsoid;

peduncle 1-8 mm, ± recurved, slightly clavate. Transi-

tional to spikes in the axils of dilated leaves ; these 3-28 mm
long, 2.5-5 mm wide, 5-120 fruited, ellipsoid to cylindric;

peduncle 3-32 mm, slightly clavate. Fruits 0.9-2.0 (2.2)

mm in diameter, ± orbicular, olive-green to stramineous,

flattened, keeled, dorsal keel entire to dentate, two lateral

keels usually present, entire to dentate. Beak minute. Fruit

flat sided to concave, often distended by the cochleate

embryo.

This wide ranging Potamogeton is illustrated in Fig. 9b

and its distribution mapped in Fig. 11. Fernald's (1937)

P. capillaceas var. atripes is here not considered worthy

of separation, the black, rigid rhizomes being certainly

a result of the plants' anomalous habitat.

We have also found, as did Klekowski and Beal (1965),

that the narrowest leaved plants of Potamogeton diversi-

folius tend to occur on the coastal plain. This trend is

especially evident, judging from herbarium records, on the

gulf coastal plain. However, as Klekowski and Beal (1965)

showed, they merge completely with broader leaved P.

diversifolius and are here not viewed as a separate taxon.
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MITRACARPUS (RUBIACEAE),
A GENUS NEW TO FLORIDA AND

EASTERN NORTH AMERICA

Daniel B. Ward

The Rubiaceae has recently been seen as composed of

twenty-nine tribes (Verdcourt, 1958), of which the Spcrm-

acoceae is represented in the southeastern United States

by five genera: Richardia, Diodia, Borreria, Spermacoce,

and Ernodea. To this assembly must now be added the

genus Mitracarpus, represented by M. villosns (Sw.) DC,
a species widespread in tropical America.

Members of the tribe Spermacoceae are separated by

their modes of fruit dehiscence, which are remarkably

diverse considering the presumed closeness of the associ-

ated genera. Richardia capsules split into three, and

Diodia (including Diodella) into two indehiscent one-

seeded cocci. Borreria capsules separate into two one-

seeded halves, with each half longitudinally dehiscent on

the inner face. Spermacoce capsules divide slightly un-

equally, the common partition remaining attached to one

half, which thereby remains indehiscent, while the second

half is open on the inner face. Ernodea forms a thin-

fleshed two-seeded indehiscent berry.

Mitracarpus is sharply distinguished from these mem-
bers of the tribe Spermacoceae, as well as from all other

Rubiaceae, by the presence of capsules that open by cir-

cumscissile dehiscence, exposing the two single-seeded lo-

cules. The detached distal end of a matured fruit, with its

four persistent calyx lobes, two very much larger than the

others, resembles a fancied child's cap, sporting two prom-
inent donkey ears. The seeds are 1 mm long, each bearing

an x-shaped groove in place of the longitudinal sulcus of

the typical rubiaceous "coffee-bean" seed; this groove di-

vides the placental surface of the seed into four rounded

and nearly equal lobes.

674
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In the continental United States Mitracarpus villosus has

been known previously from southern Texas (Correll &
Johnston, 1970, as Mitracarpum hirturn) . In the West

Indies and in Central and tropical South America it is

widespread and often weedy. It has now appeared in

central peninsular Florida : dry open sandy roadside, along

Fla. 40, near Central Lookout Tower, Ocala National For-

est, 24 miles east of Ocala, Marion County. L. Baltzell

4494, 5 Nov, 1972. (FLAS 118631, 118632). The population

consists of many thousands of individuals, extending for

several miles on the Citronelle sand of a pipeline right-of-

way through sand pine (Pinus clausa) scrub. A second

collection, Ward 8870, has been distributed to the follow-

ing institutions: BH, BM, C, FSU, GA, GH, LAF, LSU, MISSA,

MO, NCU, NLU, NY, US, USF, VDB.

The plants are erect annuals, to 5 dm in height, and

are usually sparingly branched. The stems are very lightly

pubescent, and the leaves, especially on the margins and

the veins beneath, are scabrous. The leaves are subsessile,

narrowly ovate and entire, with the veins deeply impressed

above. mid-noint of the stem

dense glomerulate inflorescence; these develop in an up-

ward succession from July into November. The flowers

are very small, white, 4-petaled, with scarcely exserted

numerous
imol

characteristic of the genus. Without careful examination

the plants may readily be passed as exceDtionallv tall and

erect specimens of Borreria laevis (I

mon snecies of somewhat moister hi

am. Griseb.. a com

The Ocala population represents one of an aggregation

of forms that have been given such additional names as

Mitracarpus hirtus (L.) DC, M. rude Benth., M. diffusus

(Willd.) Cham. & Schlecht, M. bakeri Urban, and M.
simplex Rusby. There seems to be no present way to de-

termine whether this grouping represents one species or

more than one. Such authorities as Schumann (1888,

1891) and Standley (1930, 1931a, 1931b) have chosen to
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B

C

Fig. 1. Mitracarpus villosus. A, habit X */4 ; B, capsule, with

circumscissily dehiscent lid bearing four persistent calyx lobes X 10;

C, seed, in side view (left) and placental view (right) X 10.

consider the complex as consisting of a single species, while

Steyermark (1972) has strongly indicated that in Vene-

zuela M. diffusas, at least, deserves recognition. But in

any event the Florida collections do not appear separable

from the widespread entity of the New World tropics.

Although there are representations to the contrary, the

correct name of this plant is Mitracarpus villosus (Sw.)

DC. (1830), with the basionym Spernutcoce villosa Swartz

(1788). The original account was written by Swartz fol-



1976] Mitracarpus— Ward 677

lowing several years of active field work in Jamaica, and

his description, although brief, is appropriate for the

present species and is supported by specimens examined

by Rendle (1936) and others.

But Mitracarpus hirtus, of varying authors, has been

used with almost equal frequency. Although not fully

stated by its advocates, a case may be made that this com-

bination is prior and correct. The earliest name attributed

to this group is Spermacoce hirta Linnaeus (1762), used

in describing a plant from Jamaica. Swartz's 1788 de-

scription of S. villosa Sw., although also based upon Ja-

plants, was independent. In 1791 Swartz described

still a third Jamaican collection, again using Spermacoce

hirta; although he referred to Linnaeus in noting that this

latest species had been (in translation) "accidentally con-

fused and mixed" by Linnaeus with Swartz's earlier S.

villosa, Swartz's 1791 description was wholly original and

it is conceivable that he thought of his usage of hirta as

being new. DeCandolle in 1830 made the combination

Mitracarpus hirtus (as hirtum) , basing his name on S.

hirta Swartz, not on S. hirta Linnaeus.

maican

macoce
new name, then DeCandolle's M. hirtus would be illegiti-

mate since based on a later homonym, and the correct

name would be M, villosus (Sw.) DC. But if it were seen

that DeCandolle's citation of Swartz was an indirect refer-

ence to Linnaeus, then M. hirtus (L.) DC. would be legiti-

mate and prior. Fortunately, this decision is moot, for the

morphology of the types and the particulars of the descrip-

tions provide a definite answer.

Specimens of at least two entirely different rubiaceous

genera are involved. Linnaeus's original description of

Spermacoce hirta was moderately lengthy but wholly am-

biguous, and the surviving specimen in the Linnaean Her-

barium (125.4) seems in microfiche to be immature; never-

theless the prominent petioles and other characteristics of

the Linnaean specimen, as described by Steyermark (1972),
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are definitely not those of the plant known as M. villosus.

Swartz in 1791 gave a full and detailed description of his

own S. hirta, and characteristics of the stamens ("ex-

serta")
9
the calyx ("4-dentatus, brevissimus"), and the

seeds are in sharp contradiction with those of M. villosus;

indeed, Swartz's 1791 plant is most suggestive of Hemidio-

dia ocymifolia (Willd.) Schum. in Mart., a tropical ad-

ventive to which Linnaeus's specimen may also belong.

Thus, whatever the date and authorship attributed to M.

hirtus, its irrelevance to the problem at hand leaves M.

villosus (Sw.) DC. without challenge. 1

1In a publication received too recently for inclusion in the above

discussion, B. Verdcourt (Kew Bull. 30:317-322. 1975) discusses in

full detail this matter of the correct name for the common species of

Mitracarpns. He is personally inclined to the view that DeCandolle's

reference to Swartz was indeed an indirect but clear reference to

Spermacoce hirta L. and that the correct name should be M. hirtus

(L.) DC. He saw the chain of attribution as running" from DeCan-
dolle's citation of Spermacoce hirta Sw., through Swartz's reference

to Reichard's Systerna Plantarum (1:291. 1779), to Browne's Civil

and Natural History of Jamaica (141. 1756), and thence forward

in time to Linnaeus (1762).

Fortunately the improbabilities of this indirect attribution need

not be argued, for Verdcourt reluctantly defers to the judgment of

his consultants, the skilled Linnaean scholars J. E. Dandy and W. T.

Steam, who .maintain that DeCandolle's phrasing expressly excluded

the type of Spermacoce hirta L., a circumstance that would compel

the use of Mitracarpns villosus (Sw.) DC.

Verdcourt makes two other points germain to the present discus-

sion, both less than incontestable, but in the opinion of the present

writer, probably valid. First, he believes the specimen upon which
Spermacoce hirta L. is based not to be the one discussed above and
by Steyermark (1972), but to be a second sheet in the Linnaean Her-

barium (125.8). Linnaeus wrote "hirta" upon his first sheet (125.4),

suggesting to Steyermark and the present writer that this specimen

represented his type, while he wrote "hispida" upon the second

(125.8), a reference to Spermacoce hispida L., an Asian species in

no other way involved with this problem. That Linnaeus labeled

this second sheet in careless haste is implied by the facts that (1) the

specimen is a true Mitracarptcs, apparently the common New World
species, (2) Spermacoce liispida L. is not known in Jamaica or else-

where in the New World, and (3) the sheet also bore in Linnaeus's
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Mitracarpus has been spelled in two ways. Schultes, who

established the genus in 1827, spelled the name Mitra-

carpum in his text. Such authors as Schumann (1888,

1891), Urban (1913), Standley (1930, 1931a, 1931b),

Rendle {in Fawcett & Rendle, 1936), Alain (1962), Hep-

(in Hutchinson & DalzieL 1963), Adams (1972), andper

ermark ma
and spelled it Mitracarpus. But Chamisso & Schlechtendal

(1828), DeCandolle (1830), Grisebach (1864), and Hooker

(in Bentham & Hooker, 1873), as well as such recent

writers as Verdcourt (1958) and Correll & Johnston

(1970), have seen the genus as neuter, and have used

Mitracarpum.

Dr. William J. Dress has adroitly resolved for the writer

this question of generic gender and spelling. He notes that

the original text by Schultes mentions the genus only in

the accusative case (p. 120), and thus Schultes's Mitra-

carpum could be either neuter or masculine since the ac-

cusative ending for both would be the same. But in

Schultes's index (p. 399), a listing in the nominative case,

Dr. Dress observes the entry to be Mitracarpus. Since the

original author's intent as to gender thus seems to be

hand a "3" which was the species number he assigned to S. hirta L.,

and a "Br" by which he noted he had obtained it from Patrick

Browne who had collected only in Jamaica. This second sheet, if

seen as the type, as now appears reasonable, makes the decision

critical as to whether DeCandolle was indirectly referring to Lin-

^*macoce

Mit

carpus villosus (Sw.) Cham. & Schlecht., a combination used by

Steyermark (1972) and others including the present author. Cha-

misso & Schlechtendal (1828) did antedate DeCandolle by two years,

and DeCandolle credited them with the combination, but in their

treatment of Spermacoce villosa Sw. they merely recorded its place-

ment in Mitracarpus, without indicating that a particular combina-

tion was to be used, a contravention of Art. 33 of the International

Code. Specimens of Ward 8870 bearing this invalid combination

have been distributed and should now be corrected to Mitracarpus

villosus (Sw.) DC.
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without ambiguity, this latter spelling- should be used, and
the epithets should of course agree. 2

The writer is grateful to Dr. Dress for assistance with
orthographic matters, to Miss Vicki Rosario for the illus-

tration, and to Mr. and Mrs. L. M. Baltzell, Leesburg, for

their indefatigable efforts to understand and collect the

flora of central Florida. This paper is Florida Agricultural

Experiment Journal Series No. 5504.
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I

AN ACCOUNT OF SOME NEOTROPICAL
TARAXACUM SPECIES

A. J. Richards

The genus Taraxacum (Lactuceae-Compositae) is a
highly successful group of perennial herbs which, although
centered in Eurasia, are native in five continents. The
major of the 2000-odd species are polyploid seed-apomicts,

and, being genetically invariable, can be regarded as

'microspecies.' Although the species are rightly regarded
as taxonomically 'critical,' this is largely due to the con-

siderable phenotypic plasticity displayed, so characteristic

of genetically invariable units. A careful examination of

well-grown material during the main flowering period at

temperate latitudes will rarely lead to taxonomic difficulty

(Richards, 1972). However, abnormal phenotypes are

adopted at other times of year, and this phenomenon cre-

ates particular difficulties in tropical regions where Tarax-
acum apparently displays no marked flowering period and
thus exhibits even more plasticity than is usual.

Whereas the native Taraxacum species of North America
are relatively well-known, those of neotropical regions,

south of the United States, have been largely ignored. Up
till now, only eight species have been described: T. magel-
lanicum Comm., T. mclanocarpum Dahlst., T. gillesii

Hooker & Arnott, T. ibari Phil., and T. rhusiocarptim
Dahlst., all from Tierra del Fuego, and T. andinum Dahlst.,

from the southern Andes, belong to the section Arctica

Dahlst. em. Richards, a circum-arctic section with a num-
ber of North American species; Taraxacum mexicanum
DC, from Mexico above 2000 m, and T. fernandeziamim
Dahlst., from the island of Juan Fernandez, are closely

related and have heretofore not been classified. It is note-

worthy that no species in the circum-arctic section Cera-
tophora Dahlst., of which about 50 species have been de-

scribed from North America, mostly in the Arctic, have
been recorded from Central and South America.

682
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In the present paper, nine additional native species are

reported from the neotropical regions. These are placed

with Taraxacum mexicanum and T. femandezianum in a

new section Mexicana.

It has been recognised for some time that some species

in the European sections Vulgaria Dahlst. {Taraxacum of-

ficinale Wigg. 8.1.) and Enjthrosperma (H. Lindb. f.)

Dahlst. (T. levigatum (Willd.) DC or T. erythrospermum

Andrz. s.l.) are adventive in many regions of the world,

including the American continent. American taxonomists

have invariably used these aggregate species names, and

+Vm nnlv flpfnunf nf fViP mir.rnsneries adventive in America

Amer
1958). During the

mens of a number of

and South America,

examined

merated

MATERIAL STUDIED

mm

During the course of this study, I have seen some 300

herbarium sheets of Taraxacum from neotropical regions.

These include the collections of the United States National

Museum, Smithsonian Institute, Washington (US) ; the

New York Botanic Garden (NY) ; the University of

Michigan Herbarium, Ann Arbor (MICH) ; the Nacional

Herbario, Universidad Nacional de Mexico (MEXU) ;
the

Rijksherbarium, Leiden (L) ; the Reading University

(RU) ; the Herbarium of the Royal Botanic

Gardens, Kew (K) ; the Botaniska Riksmuseet, Stockholm

(S) ; Escuela Nacional de Ciencias Biologicas, Mexico

(IPN) ; and the Herbarium of the Royal Botanic Gardens,

Edinburgh (E). I should like to thank the respective

authorities for allowing access to this material.

In addition, I have cultivated Taraxacum fernandez-

ianum from two gatherings of seed, by Dr. S. R. J. Woodell

from the Castle Hotel, Bermuda; and by Professor J. L.

van Soest from Arrayan, Chile.
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SYSTEMATIC ACCOUNT

Taraxacum sectio Mexicana A. J. Richards, sect. nov.

Plantae mediocres vel parvae pilosae. Folia lanceolata

vel spathulata, lobata vel subintegra, griseo vel obscuro-

viridia. Scapi subtenues erecti, interdum valde lanati et

breves. Squamae exteriores parvae, ad 7-10 mm longae,

saepe 4-5 mm, lanceolatae vel ovato-lanceolatae, in parte

vel toto scariosae, virides vel griseo-brunneae, ecornicu-

latae, erectae usque recurvatae. Capitnhim subparvum, ad

35 mm diametro, flavum usque citrinum, polliniferum vel

epolliniferum. Achenium stramineum usque griseo-brun-

neum, parvum, ad 8.0 mm longum (pyramide exclusa), in

pyramidem 0.5-1.2 mm cylindricam subabrupte abiens;

rostrum tenue, 5-7 mm longum. Pappus sordide albus

usque pallide stramineus. Semper? agamospermae. Plantae

neotropicae inter 2000-4000 m altitudinis. Type species:

T. mexicanum DC.

The section Mexicana includes 11 closely related species

of Taraxacum, only two of which (T. mexicanum and T.

fernandezianum) have been described previously. All are

apparently confined to Central and South America, the

West Indies and Bermuda. Three species seem to be re-

stricted to Mexico, and a further three to Central America.
These six species occur in rather natural associations be-

tween 2000 and 4000 metres. A further two species are

found in discrete areas of South America, one in Venezuela
and the other on the borders of Chile and Peru. Both are
plants of high altitude. In addition, one species is wide-
spread in South America, including some lowland stations

/
mostly known from

from
Brasil, Argentina, the West Indies, Central America and
Bermuda. It may be adventive in some or most of these
areas, and it is not clear where it is native. One species

seems to be endemic, to Jamaira.
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The section is characterised by small, often scarious

exterior bracts (in some cases among the smallest known

in the genus) that characteristically contrast with the

darker involucre of interior bracts, and by small achenes

with a cylindrical cone, a rather short but fine beak, and a

distinctly discoloured pappus that in many cases may be

yellowish. No other neotropical Taraxaca have a discol-

oured pappus. Those with small exterior bracts either

have bracts that are not scarious and are usually cornicu-

late (section Erythrosperma) , or are dark and adpressed

to the involucre (section Arctica). Cylindrical cones to

the achenes are otherwise found in the section Erythro-

sperma, in which the achenes are, however, usually red-

dish. The section Vulgaria are relatively gross plants with

mm
cone to the achene.

The relationships of the section Me
interest. most sm

small

more remi

sperma. These are both largely apomictic groups from

Europe of an 'advanced' type (Richards, 1973). However,

the section Mexicana is more primitive, both in the scarious

exterior bracts and especially in the discoloured pappus,

which is rarely found in Taraxacum and is almost con-

fined otherwise to primitive sexual species from western

Asia. There is no conceivable link with the other two

native groups of Taraxaca in America, the Arctica and

Ceratophora. If one was to imagine a hybrid between these

sections (some Arctica, including T. mageJlanicum are

sexual), it might resemble the Mexicana in some ways,

but the discoloured pappus and cylindrical cone to the

achene would be difficult to explain, as these do not occur

in either section. However, any alternative explanation

would invoke either a direct link with South-West Europe,

or widespread extinction of Mexicana types from large

areas of Asia and North America. In short, the origin of

the Mexicana, and its relationships are a mystery.
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A KEY TO SECTIONS AND SPECIES OF NEOTROPICAL TARAXACA

1. Plant robust; exterior bracts exceeding- 8 mm, spread-
ing to recurved, neither scarious nor corniculate; rostrum

mm
1. Plant smaller, more delicate, occasionally robust; ex-

terior bracts rarely exceeding 8 mm, adpressed to re-

curved, often scarious or corniculate; rostrum 5-13 mm;
pappus white or discoloured 2.

2. Plant small and delicate with dissected leaves; ex-

terior bracts not mostly scarious or membranous, usu-
ally corniculate; achenes usually reddish with a cylin-

drical cone; rostrum exceeding 7 mm; pappus white.

section Ervthrosverma.
2. Plant small to robust; exterior bracts often mostly
scarious, never corniculate; achenes rarely reddish,

cone cylindrical or poorly differentiated; rostrum 5-13

mm: Darmus whitp or disunion vpH 3

3. Plant delicate and usually rather short with gla-

brous leaves; exterior bracts not membranous, al-

though often with a scarious border, erect to ad-

pressed; achenes fusiform, cone scarcely differenti-

ated; rostrum not exceeding 6 mm; pappus white
(section Arctica) 4.

3. Plant less delicate, leaves usually with
mentum; exterior bracts thin, often scarious or mem-
branous, paler than interior bracts, erect to recurved

;

achenes abruptly narrowed above to form a cylindri-

cal cone; rostrum 5-13 mm; pappus usually discol-

oured, sometimes yellowish (section Mexico na 7.

4. Pollen absent; achenes reddish

some

15. T. rhusiocarpum.
4. Pollen present; achenes lacking reddish hue. . . 5.

5. Leaves narrow, subentire to lobate; exterior

bracts rarely exceeding 3 mm in width, with a
broad scarious border 12. T. magellanicum.

5. Leaves wider, even ovate, deeply dissected; ex-

terior bracts commonly exceeding 3 mm in width,
with a narrow border, or concolorous 6.
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6. Scapes shorter than leaves at flowering; ex-

terior bracts concolorous 14. T. gillesii.

6. Scapes usually exceeding leaves at flowering;

exterior bracts with a narrow white or rose-

coloured border. 13. T. andinum.
7. Exterior bracts exceeding 8 mm; achenes 3.5

mm; rostrum 10-13 mm. (C. America)

11. T. tenejapense.

7- Exterior bracts less than 7 mm; achenes less

than 3.2 mm ; rostrum less than 9 mm 8.

8. Petioles narrow, unwinged, rose; involucres

narrow (to 10 mm), blackish. (Chile, Peru).

8. T. cnzcense.

8. Petioles variable; involucres usually more
than 10 mm wide, never blackish. . . 9.

9. Leaves lacking clearly defined lobes; ex-

terior bracts 1 mm in width. . . 10.

9. Leaves lobate; exterior bracts usually

1.5-2 mm in width 11.

10. Leaves spathulate, green, not very

dentate; exterior bracts with a narrow
white border. (C. America, Haiti).

5. T. spathulatum.

10. Leaves narrowly lanceolate, grey-green,

dentate throughout ; exterior bracts scar-

ious throughout, (widespread)

t

*•* + »# + ## + • + ** * + * M

• P 1 * • J ... 2. T. fernandezianum.

11. Scape not exceeding 50 mm at flow-

ering, often almost absent, woolly.

(C. America). . 1. T. mexicanum.

11. Scape usually longer at flowering,

sometimes pilose but never woolly.

12.

12. Leaf-lobes strongly recurved with

a convex distal margin. . . . 13.

12. Leaf-lobes patent or slightly re-

curved ; distal margin not markedly

convex 14.
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13. Leaf-lobes dentate; exterior

bracts erect, 4 mm, submem-
branous. (Jamaica)

• •#•*••« 4. T. unguilobifrons.

13. Leaf-lobes mostly entire; ex-

terior bracts spreading, 5 mm,
not membranous. (Venezuela).

9. T. craspedotoides.

14. Exterior bracts erect, 4

mm, submembranous ; leaves

pale green with dentate tri-

angular lobes. (Mexico). . .

t * * # «

< P * 4 m 9

... 10. T. disseminatoides.

14. Exterior bracts patent or

recurved, 4-6 mm, not mem-
branous; leaves darker. . 15.

15. Plant robust; exterior

bracts recurved, 6X2
mm; involucre dark green.

(S. America). .

. . 3. T. subspathulatum.

15. Plant less robust; exte-

rior bracts patent, 4-5 X
1.5 mm; involucre not

dark 16.

16. Leaf-lobes deltoid; ex-

terior bracts with a

clear white border;

achenes 3.0 mm. (Mex-

ico)

. 7. T. calocephaloides.

16. Leaf lobes triangular,

acute ; exterior bracts

with an indistinct bor-

der; achenes 2.5 mm.
(C. America, Haiti). . .

.... 6. T. argutifrons.
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1. Taraxacum mexicanum De Candolle. Prod. Suppt. Not.

7:146 (1838).

Plant small to medium-sized, glabrous except at the base

and on the scapes. Leaves 30-150 mm, decumbent to as-

cending, broadly lanceolate or subspathulate, lobate. Lat-

eral leaf-lobes usually three, short, acute, triangular,

entire or acuminate-dentate ; terminal leaf-lobe poorly

demarcated, short, obtuse; petiole short, winged, dull rose-

pink. Scapes few, erect, usually very short (to 50 mm and

often almost sessile) at flowering, elongating to 200 mm
in fruit, at first densely lanate, later glabrescent. Exterior

bracts erect, 5 X 1.5 mm, olive-green with a pule margin.

Capitulum 20-25 mm in diameter, deep yellow; ligules

bearing purple stripes; style and stigma dirty green, with

or without pollen. Achene straw-brown, 2.6 mm (excluding

the cone), tuberculate at apex, with a short (0.5 mm)
subcylindrical cone. Rostrum 7 mm, thin. Pappus dis-

coloured.

um
locally common species above 2000 m in Mexico. It is

immediately known by the very short and woolly scapes

at flowering. In addition, the short cone and rather long

rostrum to the achenes and the short, broad, erect bracts

with pale margins are distinctive.

The original description in De Candolle is minimal, but

the phrase "seapis folio brevioribus, sparse subvillosis,"

although an understatement, is diagnostic. I have seen a

photograph of the specimen from De Candolle's herbarium

at Geneva, which undoubtedly refers to this taxon (moun-

tains around Mexico City, Berlandier). The description

in Handel-Mazzetti (1907:75-76) is much more complete

ms story diagnosis. Handel-Mazzetti

Mexico. In addition I can add

:

representative specimens: Mexico: Chiapas: San Cristobal las

Casas, 7100', 14.2.1966, R. M. Laughlin (ny). coahuila: Parras de

la Fuente, Rincon del Monteso, D. B. Ward 5748 (mich). distrito

federal: Canada de Contreras, 3100 m, C. Vazquez 20 (mexu);

Canada de Contreras, Cuarto Dinamo, 3100 m, 21.3.1965, H. Hernan-
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dez (mexu); Barranca de Solis Grande, Lomas Atlas, 2400 m, L.

Huerta M. 18 (mexu). durango: 5 miles north of railway at Coyotes,
2400-2500 m, J. H. Maysilles 8282 (mich)

; El Carazon, P. G. Russell,

M. J. Souviran 107 (us), hidalgo: Puente de Tasquillo, L. Gonzalez
Quintero 2020 (mexu); Ix,miquilipan, 9 km north of Orizabita, 2500
m, L. G&nzalez Quintero 2593 (mexu) ; Los Pescados, Cofre de
Perote, 10,700' E. K. Balls 4585 (us). MEXICO: 4 km north of Ati-
zapan, 2350 m, 11.(3.1967, A. Vargas (N. mexu); Texcoco, Ahuehuete,
2250 m, 25.11.1951, E. Matilda (ny); Nevada de Toluca, 4.8.1902,

L. Huerta (m. mexu); Chimalhuacan, 2300 m, 28.7.1964, A. Castro
(mexu); Nevada de Toluca, Ojos de Aqua, 12,800', E. K. Balls 4105
(us); Llano grande, 3000 m, 10.7.1951, E. Matilda (ny). tamauli-
pas: reservoir of Miquihuana, 10.7.1949, Stanford, Taylor avd Lauhcr
(MICH); 5 km north of Atizapan, 2400 m, 6.9.1964, A. Villamar (c.

mexu) ; Chemalhuacan, 2250 m, 7.6.1964, A. Mvndoza (mexu) ; Penas
Cuatcs, north-west of Ixtaccihuatl, 3500 m, Rzcdowski 21809 (mexu);
Santa Cruz Cuahtenco, La Vereda, 2900 m, L. Hilario A. 13 (mexu);
Chalco, Camacho, 2750 m, 11.9.1966, Fagoaga (mexu). paraje pro-

vincial: Popocatepetl, 11,500', E. K. Balls 4183 (us), puebla: on
route 150, 17 m east of Puebla, R. M. King 2271 (mich) ; San Juan
Citlaltepec, Lago de Zanpango, 5.6.1966, V. Velaquez (mexu). tema-
scaltepec: Cumbre-Gavia, 1936, G. B. Hinton (ny, us). Vera-
cruz: Boca del Monte, E. W. Nelson 226 (us) ; Orizaba, Lomogrande,
9200', 27.4.1938, E. K. Balls (k).

2. Taraxacum fernandezianum Dahlstedt apud C. Skotts-

berg. Nat. Hist. Juan Fern, and Easter I. 2:226 (1922).

Plant small to medium-sized, subglabrous, or pilose on

the mid-ribs. Leaves 70-150 mm, decumbent to ascending,

grey-green, lobate, usually indistinctly so, or frequently

without lobes bid deeply and irregularly dentate; leaf-lobes

2-4, short, recurved; terminal leaf-lobe obtuse or ± acute,

entire; petiole unwinged, dull purple or occasionally green.

Scapes ascending or erect, exceeding leaves at flowering,

pilose, but scarcely lanate at first, becoming glabrescent.

Exterior bracts patent, or somewhat recurved, narrowly
lanceolate, 5X1, pale, olive-green, or -sometimes brown-
ish-red, and ± scarious. Capitulum 25-35 mm in diameter,

yellow; ligules bearing dark or grey-violet stripes; style

yellow, stigma yellow at first, becoming dark in a dried

condition; pollen usually present (Dahlstedt says it can be
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absent). Achenes straw-brown to light warm brown, 3.0-

8.2 mm (excluding* cone), spinulose above; cone cylindrical,

0.8 mm. Rostrum slender, 7-8 mm; pappus off-white.

2n = 24. Agamospermous.

Taraxacum fernandezianum was first described by

Dahlstedt from the islands of Masafuera and Masatierra,

Juan Fernandez (s). Since then it has been found from

isea-level to 3000' throughout much of Central and South

America, the West Indies and Bermuda. It is by far the

most widespread member of the group, and the most

catholic in habitat requirement, although most stations

seem to be on disturbed ground near the coast. Only in

this species, which seems to have been the only one in

cultivation (at Leiden and Newcastle) do we have evidence

of chi'omosome number and apomictic behaviour. However,

all other species show characters of apomictic behaviour

(good seed-set, irregular pollen, or lack of pollen), and it

is probable that all members of the section are polyploid

(most probably triploid) apomicts.

Taraxacum fernandezianum is best diagnosed by its leaf

shape, which is narrowly oblong-spathulate, with many
indistinct short lobes and is consistently dentate from apex

to petiole; the leaves are a characteristic grey-green. The
exterior bracts are typical for the section, being small,

narrow and largely scarious. The achene has the small size

and cylindrical cone of the section.

In addition to the type localities on Juan Fernandez, I

can add:

representative specimens: Bermuda: Agaris, F. S. Collins 314

(us); The Castle Harbour Hotel, 12.1969, S. R. J. Woodell, as seed

(oxf), 2n= 24; Flatts, F. S. Collins 314 (us). Haiti: Don, Citadel

top, 400 m, E. C. Leonard 8626 (us) ; Funds Varettes, Mission, E. C.

Leonard 3634 (us) ; Mean Rabel, 2.3.1929, E. C. and G. M. Leonard

(us) ; Massif de la Pelle, Petionville, M. Tranchard, 1640 m, 2.8.

1924, E. L. Ekman (us) ; Monies des Commissaires, 1600 m, L. R.

Holdridge 899 (us). Honduras: moraza'n: Montana La Tigra, San
Juancito, 200 m, A. Molina 10117 (us). Dominican Republic: Con-

stanza, 17.5.1959, J. J. Jiminez (us). Guatemala: Tabz, 1905, W. A.
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Kcllcrman (us). Costa Rica: San Jose, San Pedro de Mantes de Oca

to Curnidibat, 1200 m, P. Standley 32820 (us). Mexico: distrito

FEDERAL: Deserto de Leon, 2400 m, E. Matuda 18803 (us); Monelia,

11.1889, A. Duges (us); Querotoro, G. Arsetne 10535 (us). Brasil:

curitira: Rua Cel Dulcidio, 820 m, J. C. Lindemen and J. H. de Haas
487 (us), santa CATARINA: Porto Uniao, Rio Liguaco, 750 m, L. B.

Smith and R. R. Reitz 8794 (t
ts). Argentina: EL carmen: prope

Salta, 9.10.1901, R. E. Fries (us) ; Neuquem, Quebrada de Tiu-Tiu,

R. Maldorato 61 (l). Chile: Arrayan, 29.3.1967, J. L. van Soest

(L and oxf), 2n= 24; Santiago, El Golf, 1.4.1967, </. L. van Soest

(l). Peru: huanuco: Carpish Pass, Tingo Maria to Lima, 2750 m,

H. A. Allard 21012 (us); Oroya, 10,000-13,000', s.n., no date, A. S.

Kalenbom (us).

3. Taraxacum subspathulatum A. J. Pwichards, sp. nov.

Holotype : Argentina : Tucuman : Villa Vougues, 1000 m,

S. Venturi 1470 (us).

med
mm Lobi laterales 1-3, recurvati,

angusti, in margine superiore sat convexi, dentati; lobus

terminalis paulo distinctus, obtusus, dentatus. Petiolus

sordide roseus, exalatus vel, in petiolis brevibus, alatus.

Scapi breves per anthesin, deinde elongati, crassi, pilosi

saepe dense. Squamae exteriores recurvatae, 5-6 X 2 mm,
obscuro-virides, vel purpurascentes, emarginatae, ecorni-

culatae. Involucrum crassum, subnigrum. Capitulum c.

35 mm diametro, flavum ; ligulae stria extu.s grisea notatae;

stylus stigmaque siccum subnigrum, valde polliniferum.

Achenium stramineo-brunneum, 2.5 mm, tuberculatum, in

pyramidem subconicam 0.5 mm subabrupte abiens. Ros-

mm Me

representative specimens: Argentina: tucuman: Tafi, Siambou,

1200 m, S. Venturi 3936 (us) ; Chile cito, 1000-1200 m, 4.1960, L. L.

W. van Soest (l). Chile: Santiago: 21.4.1967, J. L. van Soest (l);

Valparaiso, Gargen Suizo, Las Zonas, /. W. Harsltberger 1050 (us).

Peru: Oroya, 10,000-16,000', A. S. and H. Kalenbom 1918 (ny).

Bolivia: Cercado. Valle de Cochabamba, 2570 m, 5.4.1966, R. F.

Steinbach (ny) ; Valle de Cochabamba, 2600 m, 24.11.1928, J. Stein-

bach (ny, k). Juan Fernandez: Masatierra, Cumberland Bay, 23.

12. 1954, C. Skottsberg (l).
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Taraxacum subspathulatum is a distinctive species with

dark broad involucres and broad spathulate leaves with

recurved leaf-lobes. It can only be confused with T. un-

guilobifrons among the Mexicana, from which it is readily

distinguished by having spathulate leaves and larger

darker involucres. It occurs in a different region from
most other Mexicana species, being apparently restricted

to Central South America, Bolivia and Juan Fernandez.

Also, it is not typical for the section Mexicana, being

rather robust in floral features for that section.

4. Taraxacum unguilobifrans A. J. Richards, sp. nov. Holo-

type: Jamaica: Farm Hill, C. R. Orcutt 3280 (us).

Planta mediocris-subalta. Folia olivaceo-viridia, ascend-

entia usque suberecta, 100-150 mm, angusta, lobata. Lobi

laterales (2) -3- (4), breves, recurvati, hamati, in margine
superiore valde convexi, dentati; lobus terminalis brevis,

hamatus; petiolus angustus exalatus, purpureus. Scapi

folia excedentes, purpurei, araneoso-pilosi sub involucro.

Squamae exteriores patentes vel subrecurvatae, isubmem-

branaceae, 4 X 1.4 mm, pallide virides, vel rubescentes,

emarginatae, ecorniculatae. Capitulum 15-20 mm diametro,

citrinum; ligulae stria cano-violacea extus notatae; stylus

stigmaque obscurum, polliniferum. Achenium ignotum. E
sectione Mexicana.

representative specimens: Jamaica: Cuichona. 4900 ft, W. Har-
ris- 1092G (us, k).

Taraxacum ungidlobifrons has characteristically re-

curved, "hamate" leaf lobes, recalling the European species

T. unguilobum Dahlst. The only species which can be con-

fused are T. argntifrons, with longer, more acute, less

hamate lobes, and T. craspedotoides, which has entire leaf-

lobes, without teeth. Moreover, both these species have
green exterior bracts; those of T. ungidlobifrons are mem-
branaceous, as is the case in T. disseminatoides and T.

fernandeziamim. Taraxacum ungidlobifrons is at present

known only from two sites in Jamaica.
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5. Taraxacum spathulatum A. J. Richards, sp. nov. Holo-

type: Mexico: Oaxaca: Distrito del Centro, Acueducto

de Xochimilco, 1570 m, C. Conzatti 5259 (us).

Planta mediocris, subtenella. Folia prasino-viridia,

erecta, 80-150 mm longa, spathulata, integra vel sublobata,

obtusa; petiolus exalatus, roseus; nervus medianus albus.

Scapi folia aequantes, virides vel rosei, araneoso-pilosi sub

involucro. Squamae exteriores olivaceo-virides, interdum

purpurascentes, 5X1 mm. patentes vel subrecurvatae,

anguste albo-marginatae, ecorniculatae. Capitidum 20-25

mm diametro, citrinum; ligulae extus stria cano-violacea

notatae; stylus stigmaque obscurum, polliniferum. Achc-

nium ignotum. E sectione Mexicana.

REPRESENTATIVE SPECIMENS: Mexico: DISTRITO federal: Llanos de

capilco, Contreras, 3000 m, 19.6.1966, R. Cruz (mexi t ); Mexico:

Presa de la Concepcion, Tepetzotlan, 2350 m, 5.3.19C>8, L. Hilirio

(mexu); Ccito Gordo, San Juan Teotihuacan, 2700 m, 24.4.1966,

F. A. Villanuera (mexu). Veracruz: Cofre de Perote, Las Pescados,

10,700', 24.5.1938, E. K. Balls (k). Colombia: putumayo: Valle de

Sibundoy, 3 km south Sibundoy, 2000 m, M. L. Bristol G01 (us).

Haiti: Mission, Fonds Varettes, 1000 m, E. C. Leonard 3917 (us).

Costa Rica: Fiacade volcan de Turrialba, 2000 m, P. C. Standley

(us).

Taraxacum spathulatum is best known by its soft, dull

pale green, obtusely spathulate leaves, which are without

clear lobes. The involucre resembles that of T. argutifrons.

mountains in Central Amer
and Haiti.

6. Taraxacum argutifrons A. J. Richards, sp. nov. Holo-

type: Mexico: Charcas, San Luis Potosi Alvarez, E.

Palmer 180 (us).

Planta mediocris usque subalta. Folia ascendentia, 80-

180 mm longa, obscure prasino-viridia, lobata. Lobi lat-

erales 3-5, paulo recurvati, acuti, dentati, interdum sub-

hamati ; lobus terminalis acutus, triangularis vel deltoideus,

vel etiam tripartitus, saepe apiculatus; petiolus exalatus,

rubro-violaceus. Scapi pauci, ascendentes, araneoso-pilosi.

Squamae exteriores patentes, 5 X 1.5 mm, olivaceo-virides,
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n

*ensim pallide marginatae, ecorniculatae. Capltulum 30

Tim diametro, citrinum; ligulae sublongae, extus stria

^ano-violacea notatae; stylus stigmaque obscurum, epol-

iniferum. Achenium brunneo-stramineum (vel subcanum),

2.5 mm longum (pyramide exclusa), tuberculatum ad

ipicem, in pyramidem subconicam 0.5 mm longum sub-

abrupte abiens. Rostrum tenue, 6 mm. Pappus subalbus.

E sectione Mexicana.

REPRESENTATIVE SPECIMENS: Mexico: SAN LUIS POTOSI : A. F.

Whiting 993 (mich). COAHUILA: Saltillo, E. Palmer 769 (us).

hstrito federal: Ajusco, 3000 m, /. Castorena 66 (mexu) ;
La

ima, 3000 m, (mexu). durango: South on road from El Salto to

Pueblo Nuevo, 2500-2650 m, J. H. MaysiUes 7813 (mich, us), iii-

3ALGO: Sierra de Pachuca, Real del Monte, 2770 m, J. 'H. Beaman

2757 (us) ; 6 km north of Pachuca, 2900 m, TV. Garcia R.60 (mexu)
;

1 miles south of Jacala, on road to Zimapan, C. Feddrma 1525

(mich). Mexico: Nicholas Romero, 1 km north-west of Cahuacan,

1600 m, F. Brizuela V.349 (mexu) ; 20 km north-east of Texcoco,

!850 m, 9.6.1968, J. Vargas V (mexu) ; Fraccionamiento "La Her-

•adura," muncipio de Huixquilucan, 2350 m, M. A. Herndndez G.123

(mexu); Los Pescados, Cofre de Perote, 10,700', E. K. Balls 4585

us), oaxaca: 12 km north of Ixtlan de Juarez on road to Valle

STacional, 2500 m, R. M. King 2015 (mich) ; Popocatapetl, J. N. Rose

ind R. Hoy 6067 (us), puebla: Neaskio otlati, 8700', J. Weaver

)60 (us) ; Sierra Madre Oriental, Nuevo Leon, 165 m, F. G. Meyer

md D. J. Rogers 3803 (us), tamaulipas: Miquihuana, L. R. Stan-

ford, L. A. Taylor and S. M. hauler 2373 (us); 6 km west of

Miquihuana, 2940 m, Stanford, Retherford and Northcraft 726 (ny)
;

remascaltepec, Las Cruces, 2250 m, G. B. Hint&n 1046 (us, ny).

Colombia: putumayo: Valle de Sibundoy, 3 k north of San Pedro,

!600 m, P. J. Chindoy 192 (us). Haiti: Bombardopolis, 610 m, E. C*

Leonard 13392 (us).

Taraxacum argutifrons is closely related to T. calco-

•ephaloides , from which it can be distinguished by the

;preading exterior bracts with pale, not white margins,

md the darker, smaller achenes with a shorter, less dis-

inct cone. The leaves of the two species are similar, but

'araxacum argutifrons can never be said to possess deltoid

tide lobes, a distinctive feature of T. calocephaloides.

It is widespread, and probably common in Mexico ; there

ire single records from Colombia and Haiti.
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7. Taraxacum calocephaloides A. J. Richards, sp. nov

Holotype: Mexico: Distrito Federal: Del Coyoacan

Pedregal de San Angel, A. Sharp and C. L. Gilly Hi

(MICH).

Planta mediocris ad grandis. Folia erecta, 100-300 mn
longa, prasino-viridia, lobata. Lobi laterales (2) -3- (4)

patentes vel subrecurvati, integri vel dentati, deltoidei

Lobus terminalis brevis, obtusus vel subrotundatus, in

terdum apiculatus. Petiolus exalatus viridis vel roseo

purpureus ad basin. Scapi folia excedentes, glabri ve

araneoso-pilosi sub involucro. Squamae exteriores multae

parvae, recurvatae, 4 X 1.4 mm, olivaceo-virides vel ruf

escentes, albo-marginatae, ecorniculatae. Capitulum 25-3(

mm diametro, citrinum; ligulae stria brunneo-purpum

extus notae; stylus stigmaque obscuro-viride, pollin

ferum (interdum parce). Achenium stramineum 3.0 mn
longum (pyramide exclusa), apice patenter spinulosum

ceterum rugosum, in pyramidem cylindricam 0.8 mn
abrupte abiens. Rostrum 7 mm longum, tenue. Pappw

subalbus. E sectione Mexicana.

representative specimens: Mexico: distrito federal: Sierra d

Guadalupe, Chiquihuite y Ticoman, M. Bopp O. 316 (mexu)
;

Cul

huacan. 21.5.1913. F. Salazar (us); Edo. Texcoco, Ahuehuetf

2250 m, E. Matuda 25861 (us) ; Luebla Rancha Losada, 2194 ir

J. Nicolas 65 (us). PUEBLA: Arzobispado, 2165 m, G. Arsene 197

(us); Santa Rita Ranch, 1500 m, R. Runyon 874 (us), vera cruz

Boca del Monte, E. W. Nelson 226 (us).

axacum calocephaloides is a tall species with pal

involucres and white-margined exterior bracts. Th«

achenes are large for the section, with a long cylindrica

cone, recalling those of Erythrospenna or Erythrocarpt

species, and resembles

m H. M. em Th

characteristic involucre bears no resemblance

these taxa however. It is apparently restricte

ate and high altitudes in Mexico.

moder
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8. Taraxacum H
Chile: Puenta Alto, near

and M. M. Holway (US)

.

W

Planta mediocris usque subhumilis. Folia erecta (usque

ascendentia) , 50-100 mm longa, prasino-viridia, anguste

subspathulata, lobata. Lobi laterales 2-3, breves, recurvati,

anguste triangulares usque subdeltoidei, acuti, in apicem

attenuatum abientes; interlobi curvati integri; lobus termi-

nals subacutus vel obtusus integer; petiolus brevis roseus

exalatus. Scapi erecti, folia aequantes, araneoso-pilosi.

Squamae exteriores recurvatae, 5 X 1.5 mm, pallidae

pagina superiore, nigrescentes pagina inferiore, emargina-

tae, ecorniculatae. Capitulum 15-20 mm diametro, citri-

num; ligulae extus stria cano-violacea notatae; stylus stig-

maque obscurum, polliniferum. Achenium strammeum,

2.5 mm longum (pyramide excluso), apice erecto-spmu-

mm
urn laeve, in pyramidem conico-cylmdncam

sububrupte abiens. Rostrum tenue, 5 mm long m

Pappus albus. E sectione Mexicana.

representative specimens: Peru: cuzco: 3500-3700 m, 8.1926,

F. L. Herrera (us) ; 3500-3700 mm, V. N. Rose 19038 (us)
;

11,000

ft, 10.1933, D. Stafford (k) ;
arequipa: Pichu Pichu, 13,500 It, U.

Stafford 696 (k).

numer
1 111U KJ |w/ v> x^ a w^ -» "-* — —'— - -

ish involucres, and narrow, rose-coloured petioles.
_ . - . * * 1 A / U

seems

from

from

rated areas.

9. Taraxacum
type: Venezuela: Huacha, La Venta-Laguna, 3450-

m. Han

(us).

Planta mediocris, subtenella. Folia oliva(*o-viridia, as-

cendentia, 80-150 mm longa, lobata, anguste lanceolata.

Lobi laterales 2-3, breves, recurvati, integri vel paulo
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dentati, margine superiore sat convexi; lobus terminalis
brevis, subacutus, integer; petiolus longus (ad dimidum
longitudinis folii toti), angustus, exalatus, roseus. Scapi
folia aequantes, araneosi, deinde glabrescentes. Squamae
exteriores patentes, 5 X 1.5 mm, emarginatae, vel leviter

pallide marginatae, ecornieulatae. CapiUdum ca. 30 mm
diametro, flavum; ligulae stria obscuro-cano-purpurea ex-
tus notatae; stylus stigmaque sordide viride, parce pollini-

ferum. Achenium ignotum. E sectione Mexicana.

representative spp^cimens: Venezuela: MERIDA: Paramo de la Sal,
3400 m, A. John 518 (us); Timotes-Pico del Aquila, 3000 m, L.
Aristeguiela 212(! (ny) ; Paramo de Mucuchies, 3000 m, A. John
803 (us); Sierra Nevada de Merida, 10,000', E. P. de BeHard 221
(us).

Taraxacum crasped'otoid.es is best known by its narrow
leaves with short recurved lobes with convex distal mar-
gins. The involucre resembles that of T. argutifrons. The
plant bears a strong superficial resemblance to T. craspe-
dotum Dahlst. (section Spectabilia Dahlst.). However, the
involucre is quite different, being quite characteristic for
the section Mexicana. It is known
in a restricted area of Venezuela.

from

10. Taraxacum disseminatoides A. J. Richards, sp. nov.
Holotype: Mexico: Distrito Federal: Canada de Con-
treras, H. Farias R38 (mexu).

Planta mediocris, tenella. Folia laete viridia, erecta, c

100 m longa, lobata, spathulata. Lobi laterales 2-3, tri-

angulares, dentati, acuti; lobus terminalis deltoideus, ob-
tusus, vel tripartitus et apiculatus; petiolus angustus,
exalatus, roseus. Scapus singularis vel scapi pauci, arane-
oso-pilosi, folia excedentes. Squamae exteriores erectae,4X1 mm, pallide olivaceo-virides, submembranaceae,
pallide marginatae, ecornieulatae. Capitulum 15-20 mm
diametro

tigmaqu Achen-
ium brunneo-stramineum, 2.8 mm (pyramide exclusa)
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tuberculatum ad apicem, ceterum laeve, in pyramidem

cylindrico-conicam 0.5 mm subabrupte abiens. Rostrum

5 mm. Pappus sordide albus. E sectione Mexicana.

RKPRESENTATIVE SPECIMENS: Mexico: DISTRITO FEDERAL: Tlalpam,

Valley of Mexico, 16.8.1902, C. G. Pringle s.n. (us).

Taraxacum disseminatoides has leaves of a characteris-

tic pale green. The large dentate, strictly triangular, some-

emini

some torms

Hagl small, erect, submemb

ceous, pale olive bracts, is highly characteristic. The

achenes recall those of T. argutifrons. It is recorded from

two stations in Mexico.

am

11. Taraxacum tenejapense A. J. Richards, sp. nov. Holo-

type: Mexico: Distrito Federal: Nevada de Toluca,

Ojas de Agua, 12,800 ft., 1.4.1938, E. K. Balls (k).

Planta mediocris. Folia olivaceo-viridia, aseendentia, 80-

150 mm, lanceolata, lobata. Lobi laterales 2-4, recurvati,

iti, margine superiore sat convexi, integri vel 1-

dentati (interdum multi-dentati margine inferiore) ; lobus

terminalis subacutus vel rotundatus mucronatus, subhama-

tus, integer; petiolus nervusque medianus pallide virides,

petiolo brevi angusto exalato. Scapi folia subaequantes per

anthesin, deinde elongati, subtenues glabrescentes vel

sparsim pilosi cupreo-virides. Squamae exteriores recurva-

tae, pallide virides, tenues vel sat membranaceae, 8-10 X
1-2 mm, vix marginatae, ecorniculatae ; squamae interiores

obscuriores. Capitulum 35-40 mm diametro, pallide flavum

;

ligulae stria obscura colore incerto extus notatae; stylus

stigmaque siccum obscurum vel subnigrum polliniferum.

Achenium stramineo-brunneum vel pallide brunneum, 3.5

mm, tuberculatum et spinulosum ad apicem, in pyramide

cylindra 0.7 mm abrupte abiens. Rostrum 10-13 mm.
Pappus sordide albus. E sectione Mexicana.

representative specimens: Mexico: Chiapas: Tenejapa, steep

slope with Quercus and Magnolia in the Paraje Matsab, 8900',
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A lush Shilom Ton 675 (ipn) ; Tenejapa, slope with Quercus

and Liquidambar at Paraje Shohle, 8200', Ahish Shilom Ton 765

(ipn, ny) ; San Cristobal Las Casas, cornfield, 6900', D. Breed-

love 6775 (mich); Seltepec, Ventana, 2100 m, E. Matilda 4544 (ny).

Mexico: Valley of Mexico, E. Matilda 2231 (mich). Guatemala:

Chimaltenango, Santa Elena, 2400-2700 m, A. F. Skutch 104 (mich).

Costa Rica: Cartago, Volcan Irazu, 3200 m, R. </. Taylor 4434 (ny).

1 araxacum tenejapense has a leai form between 1 . mexi-

canum and T. unguilobifrons or T. craspedotoides, with

rather short, scarcely dentate, recurved subhamate leaf-

lobes. However, it is readily known from these and all

other species in section Mexicana by the long achenes and

exterior bracts. The form of the achenes, with the rather

short, cylindrical cone ; the discoloured pappus ; and the

thin, almost membranous exterior bracts, which contrast

palely with the darker interior bracts, are all character-

istic of this section.

This seems to be a species of moderate altitude in south

Central America.

Section Arctica Dahlst., Acta Fl. Sueciae, 1:37

(1921) emend. Richards, Bot. J. Linn. Soc. 65:39 (1972).

This is the only bipolar section of Taraxacum. It occurs

circumboreally at very high latitudes, and in various

mountain systems of the Northern Hemisphere, including

the North American Rockies, where T. rupestre Greene
and T. scopulorum A. Gray reach south to Colorado, Idaho

and Montana (twro little known Californian species, T.

ammophilum Nels., and T. califamicam Mz. and Ttn. may
also belong to this section). Four species are known from
South America, mostly around the southern tip, although

T. andinum extends to Aconcaqua, Argentina (near Santi-

ago, Chile). There is thus a gap of some 8000 km between
the North and South American stations. T. magellanicum,

which is the most widespread of the species in Tierra del

Fuego, is also common in New Zealand and has been re-

corded from Chatham Island. Two related species (T. cyg-

norum H. M. and T. aristum Hagl. and Markl.) are found
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completing the picture for a remarkably

spread, disjunct, and presumably ancient section (Rich-

ards, 1973). The South American species are as follows

(all known stations are given) :

12 Taraxacum magellanicum Commers. ex C. H. Schultz-

Bipont, Flora: p. 122 (1855) ;
Dahlstedt H., Ark. Bot.,

6(12): 5 (1907) (fig.).

T. ibari Philippi, Anal. Univ. Chile, 87:324 (1894).

T. melanocarpum H. M., Monogr. Gatt. Taraxacum: 54

(1907).

Type locality: Chile. Magellan, Purta Arenas. 1852.

W. Lccklcr pi. magellanicae 1103 (s).

additional localities ARE: Argentina: tierra del fuego :
Estancia

Harberton, Campo Afuera, 54'48'S, 67°27'W, 450 m, D. M. Moore

1390 (K) ; Campo Rancho Tombo, 54°52'S, 67°16'W, D. M. Moore

1367 (K); Estancia Moat, Rio Chico, 54°53'S, 66°53'W, 700 m, D. M.

Moore 1634 (k) ; Isla Navarvno, C. Skottsberg (us); Orange Har-

bour, 1919, Capt. Wilkes (us); Rio Garde, T. Mexia 7929 (K, us);

Rioblanco Cordillera de los Bagnales, 5.1879. H. Ibar (k) (type of

T ibari) ;
Sierra Almanza, Gerro Almanza, 54°50'S, 67°29'W, 900-

1100 m, D. M. Moore 1419 (k). St. Cruz: 12.11.1928, A. Donat (k)

(as melanocarpum); Estancia Las Vegas, Los Vascos, 51°19'S,

70°20'W, D. M. Moore 1315 (k) ; Guar Aiken, road, 25 km south

Puerto Oyle, 2.1.1939, W. J. Ryerdam et aL (K) ;
Lago Argentina,

Brazo Rico, 17.12.1950, H. Sleumcr (us); Estancia Fitzroy, Rio de

las Vueltos, 450 m, H. Sleumer 1265 (us). Chile: Cordilieres de

tin (K) (type of T. melanocarpum); Magel-

lan^I^'redoBay, 22.1.1888 L. A. Lee (us) ;
Gregory Ray, 18.1.1888,

L. A. Lee (us) ; 23.11.1886, W. E. Safford (us) ;
Puerto Williams,

Navarino Islands, 7.1.1959, E. «/. Godley (k).

illanicum shares with other South

American members of sect. Arctica a fusiform achene with

scarcely differentiated cone, a short (to 6

the achene, a white pappus, short, wide erect exterior

bracts, and smooth, rather small leaves. It is distinguished

from other members of the group by wide scarious mar-

gins to the bracts, and narrow, scarcely lobate leaves. It

erm

acum ma

mm) rostrum
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is remarkably variable, and may usually be sexual: a

chromosome count of 2n = 16 (diploid) has been recorded
by D. M. Moore (pers. comm.).

13. Taraxacum andinum Dahlstedt, Ark. Bot., 6(12) : 13

(1907) (fig.).

Type locality: Argentina: Las Cuevas, Horcon, Acon-
cagua, 3000-3100 m, G. O. Malme 2865 (s).

additional localities are: Argentina: Terra del Chubut, Valle
de la Laguna Blanca, 45°52'S, 71°15'W, 15.11.1902, J. Koslowsky
(k). St. Cruz: Estancia Guer Aike, H. Steumer 877 (us); Puerto
San Julian, 1.12.1927, M. E. Blake (k) ; Rio de las Vueltas, H.
Steumer 1362 (us); Rio Gallegos, H. Steumer 779 (us). Chile:
Magellan, 78 km north-west of Punta Arenas, W. J. Eyerdam et al.

24145 (k).

mum is characteristically a more
and stockier plant than T. mag•ellanicum , with a broader
and much more dissected leaf. It also differs in the ex-
terior bracts, which usually exceed 3 mm in width, and
have narrow white or rose margins. It is dubiously dis-

tinct from T. gillesii (see below).

14. Taraxacum gillesii W. J. Hooker and G. A. W. Arnott
in Hooker, Companion Bot. Mag., 1:31 (1835).

Type locality: Chile. Las Guindas, Andes of Mendoza.
Dr.Gilles (?date) (k).

additional localities ARE: Argentina: TIERRA DEL FUEGO: Cabo
San Vincente, 23.11.1969, R. N. P. Goodall (ru) ; Estancia moat,
Rio Chico, 54°53'S, 66°53'W, 700', D. M. Moore 1634 (rv).

This species is dubiously distinct from Taraxacum andi-
num, but has even shorter, wider and more dissected
leaves, scapes shorter than the leaves, and concolorous
bracts

;
it may prove to be an extreme form of T. andinum.

am
species.
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15. Taraxacum rhusiocarpum Dahlstedt, Ark. Bot., 6(12):

15 (1907) (fig.).

Type locality: Argentina: Patagonia: Between Kark
and Eberhardt, in woods, 31.3.1899, O. Borge 354 (s).

seems

be distinctive: the narrowly lobed leaves approach some
forms of Taraxacum mag•ellanicum, but it has rather broad,

narrowly margined exterior bracts (similar to T. andi-

num), chestnut or reddish achenes, and lacks pollen. It

requires rediscovery.

Section Vulgaria Dahlst., Acta Fl. Suec, 1:37 (1921).

This section is apparently restricted in the native state

to Europe; two species in Asia may be introductions which
have not yet been found in their native localities. They
are common and invasive weeds of open ground, grass-

lands, etc. and have become adventive in many parts of the

world, including North America, South Africa, Australia,

New Zealand and South-East Asia. Although they have
been recorded in South and Central America under the

aggregate species name Taraxacum officinale Weber, there

exist no records of the individual microspecies (the section

is almost entirely agamospermous and contains some 400
agamospecies). The species in this section are frequently

very plastic, and in Europe are difficult to identify outside

the main flowering season. Perhaps because of different

day-lengths, etc., members of this section from the South-

ern Hemisphere tend to be particularly difficult to identify

with certainty, and the majority of identifications listed

here are tentative, the material being atypical. Species in

sect. Vulgaria occurring in neotropical regions will be

known by their robust stature and long exterior bracts

(exceeding 8 mm). The achenes lack a distinctive cone,

the rostrum exceeds 8 mm, and the pappus is white.
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16. Taraxacum braeteatum Dahlst., Ark. Bot., 19(18) :11

(1925).

Mexico: Erongaricuro, seed collected 30.4.1968, Linden-

bergh. Cultivated van Soest (l).

17. Taraxacum angustisquameum Dahlst. ex H. Lindberg

1, Medd. Soc. F. Fl. Fenn., 35: 13. (1908).

Chile: Cerra San Christobel, 800 m, 2.4.1967, J. L. van

Soest (l) ; El Golf, 1.5.1967, J. L. van Soest (l) ; Santiago,

Park by Mapocho River, 6.4.1967, J. L. van Soest (l).

18. Taraxacum copidophyllum Dahlst., Ark. Bot., 9(10) :25

(1910).

Chile: Santiago, 21.4.1967, J. L. van Soest (h).

19. Taraxacum cordatum Palmgr., Acta Soc. F. Fl. Fenn.,

34(1) :12 (1910).

Colombia: cundinamarca: Macizode Bogota, Quebrada

del Rosal, 3000 m, 29.6.1939, /. Cuatrecasas (us).

Guatemala: Quezaltenango, Volcan St. Maria, 3770 m,

,7. H. Beanmn 4101 (us).

20. Taraxacum marklundii Palmgr., Acta Soc. F. Fl. Fenn.,

34(1) :20 (1910).

Chile: Santiago, 21.4.1967, /. L. van Soest (L).

21. Taraxacum raunkiaerii Wiinst., Dansk Ekskurs. Fl.,

5th Ed., 303 (1934).

Argentina: tierra DEL FUEGO: Varela Peninsula, Estan-

cia Harberton, 2.11.1968, N. P. Goodall 1835 (mich).

22. Taraxacum vastisectum Makl., Act. Bot. Fenn., 23:

120 (1938).

Chile: Santiago, 21.4.1967, /. L. van Soest (L).
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Section Erythrosperma (H. Lindberg f.) Dahlstedt,

Act. Fl. Suec, 1 :41 (1921)

emend. H. Lindb. f., Acta Bot. Fenn., 17:8 (1935).

small

dry areas of Europe and western Asia ; there are about 130

number

tive in other areas, including North America (van Soest,

1958). They are diagnosed by fruits bearing long (ca. 1

mm) cylindrical cones (similar to sect. Mexicana), but

which are more usually reddish or purple in nue, ana snort

exterior bracts which are most commonly corniculate (i.e.,

with an appendage just below the apex).

Erythrosperma species cannot be confused with section

Arctica, which have smooth, glabrous leaves, and a fusi-

form achene without a marked cone, and with a short

rostrum; nor with section Vulgaria which are grosser

plants with long exterior bracts and achenes which lack a

<edly cylindrical cone. They do, however, resemble

some members of section Mexicana, although they are less

gross and with more dissected leaves, rarely have mem-

branous or scarious exterior bracts, usually have cornicu-

late exterior bracts and reddish achenes, and always have

a white pappus.

mar

23. Taraxacum fulvum Raunkiaer, Dansk Ekskurs. Fl.,

2nd Ed., 258 (1906).

Haiti: Nord, Marmelade, 800 m, E. C. Leonard 8354

(us).

24. Taraxacum plumbeum Dahlstedt, Ark. Bot., 10:6

(1911).

Chile: Santiago: El Golf, 1.4.1967, J. L. van Soest (l).
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THE FLORA OF PENIKESE ISLAND:
THE CENTENNIAL COLLECTION AND
ITS BIOGEOGRAPHIC IMPLICATIONS

Scott D. Lauermann and C. John Burk

The flora of Penikese Island has been .studied more
extensively than that of any comparable area on the
eastern coast of North America. Complete lists of vas-

cular plant species on the island were compiled in 1873
by D. S. Jordan, while an instructor at the Anderson
School of Natural History, in 1923 by J. M. Fogg, Jr.

(in Lewis, 1924) and in 1947 by E. T. Moul. These latter

two collections were made in part by groups commemo-
rating 50th and 75th anniversaries of the Anderson school.

Fogg (1930) included Penikese in a larger study of the
Elizabeth Islands, listing a number of species not encoun-
;ered in the 1923 collection. The present study is a flora

)f the vascular plants occurring on Penikese in 1973 and
i comparison of this flora with that in 1873, 1923, and
L947, using recent biogeographic methods, with observa-
tions on vegetational changes which have occurred on the
sland over the last 100 years.

Penikese forms part of the Elizabeth Islands chain and
ies at 41°27' N. latitude, 70°55' W. longitude, one mile
lorth of Cuttyhunk, the lowermost island of the group,
md about 12 miles southwest of Woods Hole, Massachu-
setts. The island was formed during the last, or Two
>eeks, substage of the Wisconsin glaciation, and now
:onsists of two morainal hills joined by a narrow isthmus,
©tailing about 74 acres in extent with the highest point
>6 feet above sea level (Kalisch, 1972). Zinn and Kahn
;i972) discuss its geology in some detail. There are no
streams and little evidence of dune formation or signifi-

ant wind erosion, although Penikese is exposed to winds
all directions. The beaches except for a sandy strip

»n the eastern margin of the isthmus are littered with
oulders or rocks of various sizes which impede further
rosive actions of wind and water. Eight ponds occur,

rom
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one of which, Typha Pond, probably occupies an original

kettlehole, the other seven being situated in marked de-

pressions or formed by the coalescing of beaches.

The earliest description of Penikese was written follow-

ing Gosnold's May 30, 1602.

Gosnold logged cedars, "some of which would make masts

for the greatest ships of the world" as well as sassafras

(in Gookin and Barbour, 1963). From 1602 to 1873, the

island was bought and sold several times, supporting up

famil An account of its

history is in Howland (1964). In 1873, John Anderson

offered Professor Louis Agassiz the island to be used as

the site for a school for the instruction of teachers oi

natural history; construction of the school began that

spring. Jordan (1874) described Penikese in 1873 as

without trees, nearly without shrubs, scantily covered with

pasture grasses, and "about as barren looking a pile oi

rock and stone as one could well imagine." Of the previous

woodlands, only "the rotten roots of a solitary beech

stump and a few branches of red cedar and red maple ( ?)

found buried in the muck of a small swamp" remained

The island was heavily grazed by sheep and had beer

grazed at least since 1797. In addition an estimated 1,00(

nesting terns were present (Nisbet, 1973). Jordan col-

lected 108 species of vascular plants from Penikese, all oi

which were common on the surrounding mainland. Som(

prominent mainland taxa, including the genera Aster anc

Solidago, were then absent from the island. 1

aJordan also collected on Gull Island, a small island one half mil<

southeast of Penikese, listing several species including Lathyrus

japonicus, Limonium carolinianum, Rhus radicans, and Solidagt

sempervirens, then absent from Penikese. Lewis (1924) describee

this island, then connected to Penikese at dead low water, in som<

detail, and Fogg (1930) noted species, including RJius radicans an(

Limonium carolinianum, which had also disappeared from Gul

Island. Gull Island was used as a target for bombing practice during

the 1947 collecting period and Moul, because of government regula'

tions, was not allowed to visit it. By summer, 1973, Gull Island

devoid of terrestrial vegetation, appeared as a pile of rocks probably

under water at high tide.
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osarium

The Anderson School closed after the summer of 1874

and the island remained uninhabited for about ten years,

after which it was resold and used to support a turkey

farm and continued grazing by sheep. In 1905, the State

of Massachusetts acquired the island to use for isolating

smallpox patients and, later, as a leprosarium. Tern popu-

lations increased rapidly following protection to an esti-

mated 7,000 birds in 1908. In 1921, the lep

discontinued and the island again abandoned.

In 1923, a plaque commemorating the founding of the

Anderson School was fixed to a boulder on the larger of

the hills. A biological survey was conducted (Lewis, 1924)

during which Fogg listed 166 species of vascular plants

present while ecological observations were compiled by

Margaret Shaw. The island had been uninhabited for two

years ; sheep had been removed and grasses were abundant.

Ammophila breviligulata covered the slopes of the west

shore; areas in the northern grasslands were denuded by

terns (Sterna hirundo and S. Doagallii) which nested there

in June. Some woody species, including Rhus typhina,

Sambucus canadensis, Myrica pensylvanica, and one speci-

men of Quercus rubra had invaded. Species of Aster and

Solidago were well established in the grasslands. The

increase (58) in total species since 1873 may be explained

in part by changes in land use, including the abolition of

grazing, the accidental introduction of weed species, and

the deliberate introduction of persistent ornamentals and

vegetables.

During summer, 1923, most of the ponds showed marked
zonation with floating algae surrounded by a zone of sedges

(including Eleocharis obtusa, E. palustris, Scirpus ameri-

canus, and S. paludosus), a band of Spartina patens, and

an irregular band of Iris versicolor adjacent to the grass-

lands. Typha Pond was surrounded by concentric zones

of Typha latifolia, Juncus acuminatus, and, adjacent to

the grasslands, Scirpus paludosus. Salix alba X fragilis

occurred at both ends of the pond. On the northwestern

portion of the larger section of the island, the ponds were
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more shallow and surrounded by large stands of Bidvns

connata. Dry Pond had apparently contained water in the

spring but was dry in August and lacked vascular plant

species; Tern Pond was surrounded by a zone of Spartina

alterniflora and Dryopteris thelypteris.

During the period 1924 to 1930, Fogg made additional

trips to Penikese, collecting more than 20 previously un-

reported species. In 1925, much of the leprosarium was
demolished and the island was transferred to the Massa-

chusetts Division of Fisheries and Game for use as a bird

sanctuary. Various game species were introduced along

with a variety of plants intended as food for wildlife. The
breeding population of terns increased through 1932, suf-

fering an abrupt decline that year for reasons which are

largely unexplained (Floyd, 1932). In 1933, breeding

herring gulls (Lavus argentatus) were first observed on

Penikese (Floyd, 1933). From 1925 through 1939, one or

more caretakers were resident on the island; from 1939

through 1973, no-one has resided there year-round.

During summer, 1947, E. T. Moul collected 158 species

of vascular plants on Penikese. He noted little change in

the vegetation since 1923. Dominant species of the tension

line and grassland communities were the same; many of

the escaped cultivated species had not persisted, however,

perhaps because of the several hurricanes which had
drenched the island with salt spray. Rhus radicans, pre-

viously absent, occurred in stunted form in the high grass-

lands. Thickets of Sambucus canadensis had increased in

size and number, particularly along stone walls and in

depressions. Seven clumps of Moms alba, previously un-

reported, were well established on the hill behind Tub
Pond. Trees and shrubs in more exposed habitats did not

appear to have increased in size or number. Terns were
variously estimated at 2,500 and 10,000 birds (Nisbet,

1973) and nested over much of the island. Herring gulls

were estimated at 2,000 birds (Zinn and Rankin, 1952).

The vegetation around the ponds was similar to that in

1923 as well. most
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flora; the willows previously found nearby had been, how-

ever, cut. Dry Pond was unchanged, tho some

r __ _ lier in the year. Leper and Tern

Ponds were dry in early July; these were no longer sur-

rounded by Bidens comiata, but supported large stands of

Polygonum punctatum and Rumex maritimus. South and

Tub Ponds were brackish with characteristic halophiles

them. The mar

sim lar to that of Typha Pond, a change from its previous

brackish condition.

Moul made one trip to Penikese in 1961. Daucus carota,

Datura stramonium, and Chrysanthemum leucanthemum,

previously very common, were then rare. The island ap-

parently had been overrun by gulls in the late 1950's

(Nisbet, 1973) ; breeding terns were absent. A number

of shrubs, including Rhus copallina, Rubus laciniatus, and

Sambuc7is canadensis, had spread. Phius sylvestris had

become extinct, while specimens of Acer pseudoplatanus,

thickets of Populus alba, none more than five feet tall, and

a single specimen of Populus deltoides, badly salt-spray-

damaged, remained. Two ferns, Dennstaedtia punctilobida

and Dryopten's thelyptcris were absent from their former

sites, while Raphanus raphanistrum, previously restricted,

was established in large pure stands (Moul, 1961).

By summer, 1973, Penikese had lacked a resident human

population for 44 years. A large breeding colony of her-

ring gulls and black-backed gulls (La?~us marinus) was

present; no nesting terns were seen. On the north ,side of

the island, an old stone dock, presumably built prior to the

founding of the Anderson School, remains in fairly good

condition. Behind the dock are a series of foundations and

stone walls. Near the summit of the hill on which the

commemoration plaque for the Anderson School is fixed

is a small reservoir, still holding water, and the foundation

of a smaller similar structure. On the west side of the

larger portion of the island, foundations of the leper cot-

tages are still visible. One small cement building stands

at the northeast end of the row of cottages; eastward
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behind the cottages is a ismall cemetery. There are no
signs of previous human habitation on the smaller portion

of the island.

In June, all of the ponds except Dry Pond held water;

by July 14, water level had fallen markedly. On August 8,

Rankin Pond, formed within the last 26 years to the north-

east of Tern Pond, was completely dry and Leper Pond was
nearly so. Water level in the marsh had dropped con-

siderably.

By August 8, most of the gulls had left the island. There
were two campsites present at this time, one of the occu-

pants claiming to have camped on Penikese for six weeks
each summer for the last ten years. Earlier in 1973, the

island was subcontracted to the State Department of Youth
Services to be used in part for a school for problem youths.

By September the building of this facility had begun and
a temporary campsite was constructed. A small tractor

hauled equipment from the dock up to the site of the school,

enlarging what had been for at least 100 years a footpath.

For the purposes of this study, seven trips were made
to Penikese in summer, 1973, on the following dates:

June 12, July 14 and 15, August 8, 9 and 13, and Septem-
ber 20. Specimens of 163 vascular plant species were
collected in identifiable condition. The grasslands, quite

thick over most of the island, contain denuded areas and
numerous paths made by the gulls. Rumex acetosella fre-

quently dominates gull nesting sites. Dominant grasses are

Ammophila brevUigulata on the southeast side, Agrostis
stolonifera in clumps around the ponds, Holcus lanatus

on the west side of the island, and Agrostis tenuis, An-
thoxanthum odoratum and Poa pratensis throughout.
Thick patches of Solidago sempervirens, S. rugosa, and
S. tenuifolia are scattered across the larger hill. Chrysan-
themum leucanthemum is again abundant, particularly on
the smaller section with Achillea millefolium; Daucus ca-

rota remains, as in 1961, extremely scarce. A single speci-

men of Dennstaedtia punctilobula was noted ; Datura stra-

monium is again common, particularly in the tension line.
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Over the last 26 years, there has been a marked increase

)f shrubs and woody vines. Rhus radicans occurs in dense

ma 1n

sland, and R. copallina is well established in grasslands

sm

tosa rugosa, reported previously only on the east side of

mam
jstablished over the main portion and borders South,

rypha, and Leper Ponds and the marsh. A thick patch

>ccurs near the wharf. My
/anica, found in 1923 and 1947 in only one location each,

ire well distributed over the larger hill.

Penikese has no clearly denned zones resulting from the

sffects of wind-borne salt spray, as do other nearby

:oastal areas (Boyce, 1954). The "tension line" is that

>ortion of land between the beach and areas supporting

grasslands and on Penikese is underlain largely by eroded

rlacial deposits. Plants common to this zone in 1973 in-

lude Rumex crispus, Phytolacca americana, Mollugo ver-

nm
<ium flavum, Lcpidium virginicum, Raphanus

Lathyrus japonicus, Anagallis arvensis,

Ajcopcrsicum esculentum, Solatium dulcamara, S. nigrum,

?crbascum thapsus, Matricaria matricarioides , and Son-

hus asper. Halophytes, including the widespread and

.ften frequent Cakile edentula, are rare.

Typha Pond no longer contains Typha latifolia, which

low occurs only in one small stand within the marsh, the

alinity of which has dropped off steadily since 1947 (Zinn

nd Rankin, 1947; Rich, 1973). Typha Pond has not be-
A m m

moi
I f be easily explained. The pond

stolonifera, Panicum virgatum,

Zosa rug oi

lovi-belgii.

m vimctatum

from marsh may
m

ollections. Jordan collected Iva frutescens, Salicornia

maritima
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flora there, Fogg and Moul Spar-

tinas. In 1973, Polygonum punctatum and Pluchea pur-

purascens are abundant on the edges of the marsh; Iru

versicolor is common on the northern end with a clump oi

Rosa ragosa. Solidago sempervirens and Sambucus cana-

densis grow among thick clumps of Agrostis stolon ifera;

Juncus gerardi is scattered at intervals along the edge.

Dry Pond supports large stands of various grasses
:

Polygonum persicaiia, Rubus frondosus, Sambucus cana-

densis and Solidago rugosa. There was no evidence that

the pond held water earlier in the spring. The zonation

surrounding other freshwater ponds in 1928 and 1947 is

no longer present. Many freshwater marsh plants, in-

cluding Eleocharis palustris, Sci7*pus americanus, S. palu-

dosus, and S. validus, apparently became extinct sometime

after 1947. The presence of numerous herring gulls rest-

ing within these ponds may have contributed to the elimi-

nation of these species.

Tern Pond is surrounded by grasses with scattered Iris

versicolor, Polygonum persicaria, P. punctatum, Phytolacca

americana, Solidago rugosa, and S. sempervirens. Lud-

wigia palustris, Myriophyllum verticillatum, and M. pin-

mu
on its bottom.

Leper Pond is surrounded on the east and southeast sides

by Agrostis stolonifera, Phytolacca ami) icana, and Soli-

um
of Salix alba X / Lud-

wigia palustris is abundant on the bottom. Only low

m
South Pond, the largest pond on the island, with Tub

Pond is most exposed to wind-borne salt spray. Iris versi-

color and Rosa rugosa are scattered along the northwestern

edge; /. versicolor and Panicum virgatum dominate the

northeastern border. The southern end is rocky with in-

terspersed tension line species.

Tub Pond, located on the smaller section of the island,

is seDarated from the ocean on the east. west, and south
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sides by only a short rocky beach. A cliff to the north is

covered chiefly by Agrostis tenuis, Panicum virgatum,

Achillea millefolium, and Solidago sempervirens. Tension

line plants, including Phytolacca americana, Anagallis

mar

rocks along its edge. The salinity of the pond increased

from 9 o/oo to 34.4 o/oo during the period 1928 to 1947

(Zinn and Rankin, 1952); the pond lacked submerged

macrophytes in 197 Q
o.

Rankin Pond is surrounded by grasses, Polygonum per-
«

sempe

Several plants new to Penikese in this collection were

quite abundant during summer, 1973. Glaucium flamim

is the dominant species, represented by hundreds of in-

dividual plants, on the rocky isthmus between the two

portions of the island and is also found in the tension line

on the south side of the island below South Pond. Seymour

(1969) reports this species as rare on shores in Bristol

County and on Naushon Island, Massachusetts, while

and Conway (1969) reported three colonies, total-
Hehre

West Falmouth, Mass. Mat

west side of the larger section of the island, below the old

leper cottages, and in the tension line on the southwest

side of the smaller portion of the island. New escapees

from cultivation, aside from the tomato, are muskmelon,

Cucurbita melo, in a depression near Tub Pond and Eng-

lish ivy, Hedera helix, the flowering form of which was

found near the old leper colony foundations on the south-

west shore.

BIOGEOGRAPHIC CONSIDERATIONS

Two themes have recurred in discussions of the flora

and vegetation of Penikese and other islands, the problem

of successional development of the vegetation and the

interpretations of differences between successive plant

lists. Jordan (1874) felt that his list might be of general
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interest "as showing" which plants survive a prolonged

struggle against grass and sheep." Shaw (in Lewis, 1924)

suggested that on Penikese, forest might "again develop

provided the land is neither pastured or cultivated." Lewis

in the same paper, noted that "ecologically the island is

progressing rapidly" in the 12 years without sheep and

postulated that man was the most efficient agent for th€

introduction of new species. Fogg (1930), in a detailed

analysis of invasions since 1873, by his reckoning about

20 garden escapes, an equal number of cosmopolitan ad-

ventives, and over 50 native species, raised the difficulty

of understanding why so many invaders since 1873 "should

have been kept down until recent times when so many
others were not only present in 1873 but have survived . .

."

Moul (1948), noting that the general aspect of the

vegetation had not changed for 24 years, suggested that

the flora consisted of two groups of species, one adapted

to the ecological conditions of the island, the other con-

sisting of colonists which were periodically wiped out.

In 1961, noting the decrease in tree populations and the

extinction of Pinus sylvestris on Penikese since 1947, he

concluded that "the evidence indicates a grass 'subclimax'

may persist indefinitely."

An interesting dimension to the problem of island diver-

sity was added by Preston (1962) and MacArthur and
Wilson (1963) who suggested that on oceanic islands a

balance of immigration by extinction might exist so that

the diversity of at least some biotas might be understood
as an equilibrium. This theory, developed more fully in

MacArthur and Wilson (1967), postulates that during
early successional stages the rate of extinction will tend to

decrease in areas of sufficiently varied topography, per-
mitting an increase in the total flora. Penikese is, of
course, a land bridge or continental island, separated from
the mainland during the last rise in sea level. MacArthur
(1972) suggests that small land bridge islands experience
initially high extinction rates when separated from the
mainland and rapidly reach equilibrium in the manner of



1976] Penikese Island— Lauermann & Burk 717

Table 1. Total flora at each collection period, invasions,

re-invasions, extinctions, and persisting- species.

Collections

1873

1923

persistent since 1873

extinctions since 1873

invasions since 1873

Number
of species

108

166

70

38

96

1947

persistent since 1873

persistent since 1923

extinctions since 1923

invasions

invasions since 1923

158

55

59

52

35

re-invasions from 1873 flora 9

1973

persistent since 1873

persistent since 1923

persistent since 1947

extinctions since 1947

invasions

invasions since 1947

163

47

45

18

48

34

re-invasions from 1873 flora 5

(went extinct by 1923)

re-invasions from 1923 flora 14

(went extinct by 1947)

oceanic islands. The history of the flora of Penikese ap-

pears to be a striking corroboration of the equilibrium

concept. Table 1 contains the total number of vascular

plant species present at each collection period, as well as

invasions, re-invasions, extinctions, and persisting species.

number in 1923, 1947,

and 1973 varies within a range of only eight species. The
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mar ted increase after 1873 can easily be explained by

changes in land use, particularly the elimination of grazing

sheep, which permitted some successional development

within that period. Extinctions from each flora apparently

occur abruptly and then less drastically in successive col-

lections, supporting Mold's separation of the flora into

permanent and temporary elements. Species lost from the

1873 flora were 38 by 1923, 15 between 1923 and 1947, and

8 between 1947 and 1973, excluding re-invasions in the

latter instances. Similarly the loss from the 1923 flora

was 52 during the period 1923-47 and 22 between 1947

and 1973.

Table 2. The Simpson Index of Resemblance comparing

all collections at the specific level.

Time Interval Collections

(years) compared Resemblance

100 1873-1973 60.2

74 1873-1947 59.2

50 1873-1923 64.4

50 1923-1973 65.0

24 1923-1947 72.0

26 1947-1973 71.0

We have used the Simpson index of resemblance (Simp-
son, 1965) to compare the taxonomic composition of the

floras at each collection period. This index (100c/nl in

which c is the number of taxonomic units common to the

two floras and n, the total number of units in the smaller

of the two) seems

number
Changes in the floristic composition of successive floras

to have occurred in a quite even manner (Table 2).seem

most
are most dissimilar, the resemblances throughout the 50
year intervals 1873-1923, 1923-1973 or the shorter periods
1923-1947, 1947-1973 are remarkablv alike.
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We have also compared the ratios of non-native to native

species in the various floras (Table 3) ; these ratios have

declined since the 1873 collection, when non-natives out-

numbered native species, increasing slightly between 1947

and 1973, They have remained throughout the period

strikingly higher than those of adjacent coastal areas

(Burk, 1968). The overall decline in non-natives since

1873 may be attributed to decreasing disturbance on the

island as well as to the larger pool of native species avail-

able for colonization in surrounding areas. The latter

increase may well be attributed to the action of the herring

gulls, which forage in mainland dumpsites where non-

native species are abundant, as agents of dispersal.

Table 3. Number of native and non-native species in

ative/native

species.

Native Non-native Ratio

Collection species species non-native/native

1873 53 55 1.04

1923 87 79 .91

1947 91 67 .74

1973 87 76 .87

Pike and Hodgdon (1962), evaluating changes in the

flora of Machias Seal Island over an 18 year period, raise

the problem of what constitutes a definitive flora in areas

where striking changes in floristic composition occur

rapidly. Island biotas are increasingly interesting for

practical as well as theoretical reasons (Kolata, 1974;

Willis, 1974) ; we suggest that for maximum utility, two

different kinds of island floras must be maintained, com-

pendia of all species ever collected (on Penikese this would

number over 280) and a series of lists of species present

during clearly delimited, relatively short intervals of time.

A reconnaissance of Penikese on July 9, 1974, suggests

further explanations of recent changes in the vegetation
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and hints at what may be anticipated there. The drought

m
of zonation in the ponds. The 1974 season to date had been
m
any time the previous season. Scirpus americanus, not

seen in several careful surveys of the pond during- 1973,

was fairly abundant on the muddy stratum below what
had been low water mark that year. These plants were
severely cropped by gulls ; in addition clumps of grasses at

the edges of the pond showed the effects of heavy grazing
by muskrats. All ponds on the west side of the island

were already dry, including Tern Pond, which held water
through the year before; the pond bottoms were already
invaded by a variety of herbs including Polygonum spp.

Rumcx crispus, Ludivigia palustris, Anagalis arvensis,

Gnaphallum uliginosu?n, and Pluchea puipurascens. Vege-
tation generally throughout the island was less lush than
in 1973. In addition, since the previous autumn several

buildings had been constructed on the east side near the

dock; a large vegetable garden had been laid out, and the
reservoirs were being cleaned and repaired. The period
of no year-round human activity on the island has clearly

ended and new patterns of disruption, with concomitant
invasions and extinctions, may be predicted with assurance.

THE 1973 FLORA

The following lists are based on Moul's compilation of
the 1947 Penikese flora (Moul, 1948) ; species found in

both 1947 and 1973 are not repeated. Invasions since 1947
comprise three categories: (1) elements new to Penikese
since 1947, (2) re-invasive elements not collected since

1923, and (3) re-invasive elements not collected since

1873. These three groups of species are listed with their

habitats in 1973. Those species represented in the 1947
collection but not found in 1973 are listed without habitats

;

hence future students of the flora will be able, with the
aid of this and previous plant lists, to compile a total flora
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and to make the sorts of biogeographic comparisons be-

tween floras which we have presented earlier. Nomencla-

ture is based on Fernald (1950) unless otherwise noted;

the order of the list follows Fernald (1950) for families,

treating genera within families and species within genera

strictly alphabetically.

Lewis (1920) and later Fogg (1930) in more detail

attempted to equate certain species in Jordan's list and

absent from the island in 1923 with species present at the

latter period. Stuckey and Phillips (1970) accept Lewis's

1924 suggestion and consider Jordan's report of Lycopies

m
M

chusetts in the late 19th Century. Jordan did not keep

voucher specimens and his Cerastium viscosum may in-

deed have been C. vulgatum, his Lycopus europaeus, L.

americaniiSy etc. Nonetheless, we have encountered five

species of vascular plants collected previously only by

Jordan, and for the purposes of this listing and in the

previous biogeographic computations, have preferred to

accept Jordan's identifications at face value, allowing of

course for taxonomic revisions and corrections of syn-

onymy. In addition to the 163 species listed, specimens

of five other taxa were collected in unidentifiable condition.

All specimens collected in this study have been deposited

in the herbarium of Smith College.

Species new to Penikese since 1947

:

Distichlis spicata— grasslands behind the marsh
Festuca capillata— grasslands on the west side of the

larger section

Panicum clandestinum— around South Pond
Panicum dichotomiflorum—common around Tub Pond
Panicum lanuginosum— rare around Typha Pond
Cypenis erythrorhizos— shore of Typha Pond
SisyHnchium atlanticum— around Tub Pond



722 Rhodora [Vo1 -
78

Polygonum pensylvanicum— grasslands near old founda-

tions on the west shore and scattered in depressions on

the larger section

turn moides— scattered in the tension line

on the east side of the larger section

Chenopodium lanceolatum— tension line, just below the

grasslands on the west side of the larger section

Chenopodium pumilio (in Gleason, 1952) —tension line on

east side of the larger section in the area of South Pond

Ranunculus bulbosus— rare, scattered throughout grass-

lands

ftavum— common on the causeway and in the

mam
Rorippa islandica— near foundations and old stone walls

on the eastern side

Oxalis corniculata— scattered in upper grasslands on the

larger section

Eradium cicutarium— rare, in the tension line on the east

side of the larger section

Geranium robertianum— in the tension line on the eastern

side of the larger section

Viola lanceolata— one specimen found on the edge of Tern

Pond

Myr iophyllum verticillatum— only in Tern Pond

Hedera helix— by the old foundations on the west side

Coelopleurum lucidum— near the marsh

Lycopus rubellus— near Dry Pond and along the edge of

Tern Pond

Lycopersicum esculentum— scattered in grasslands and

tension line on the east side of the larger section and

near Tub Pond

Solarium dulcamara -— common in the tension line and

around old foundations and stone walls in the upland

grasslands

Solanum villosum— in the tension line
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Veronica arvensis— uncommon

num dentatum— near the old leprosarium founda-

tions on the west side of the larger section

Cucurbita melo— one plant in a depression near Tub Pond

Aster novi-belgii— common around Typha Pond, on the

m
the east side

Aster subulatus— edges of the marsh

Cirsium horridulum— scattered in grasslands

Lactuca canadensis— rare, on the causeway

Matricaria matricarioides— common in the tension line

Pluchea purpurascens— common in the marsh

Re-invasive species not collected since 1923

:

Setaria lutescens— rare, near Typha Pond

Juncus greenei— common in grassy highlands

Polygonum persicaria— in Dry Pond

Amaranthus retroflexus— in the vicinity of Tub Pond

Portukica oleracea— near leprosarium foundations

Arenaria peploides— in the beach on the eastern side of

the larger section of the island

•Ina rare, in the beach and tension linema
on the eastern side of the larger section

CapseUa bursa-pastoris— near old foundations on the

eastern side of the larger section of the island

Vicia cracca— east shore around old stone walls

Lycopus americanus— near Typha Pond and depressions

near Dry Pond

Anthemis cotula— scattered throughout the grasslands

over the entire island

H one specimen on the causeway

Solidago juncea— not common, scattered in the grasslands

behind the marsh and above the tension line

Taraxacum officinale— not common, found in upland

grasslands on the larger section of the island
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Re-invasive species not collected since 1873:

Digitaria sanguinalis— near Tern Pond, not common
Poa annua — scattered in grasslands on the north end of

the larger section

Rumex obtusifolius — east side of the larger section in

grasslands just above the tension line

Asclepias incarnata— rare, in grasslands

Gnaphalium uliginosum— rare, on the muddy border of

Typha Pond

Species collected in 1947 but not in 1973:

Dryopteris thelypteris, Pinus sylvestris, Ruppia maritima,

Andropogon scoparius, Avena sativa, Bromus commutatus,
Panicum implicatum, Pan icam oricola, Paspalum ciliati-

folium, SparUna patens, Carex muhlenbcrgii, Carex silicea,

Cyperus filiculmis, Eleocharis halophila, Eleocharis palus-

tris, Eleocharis parvula, Scirpus americanus, Scirpus pain-

dosus, Scirpus validus, Sisyrinchium angiistifolium, Juncus
bufonius, Juncus dichotomous, Populus deltoidcs, Salix

pentandra, Quercus rubra, Rheum rhaponticum (Gleason,

1952), Bassia hirsuta, Ranunculus cymbalaria, Barbarea
vulgaris, Brassica juncea, Brassica kaber, Fragaria vir-

giniana, Potentilla argentea, Potentilla egedei, Trifolium

hybridum, Trifolium pratense, Vicia angustifolia, Vicia

tetrasperma, Euphorbia polygon*folia, Parthenocissus quin-

quefolia, Parthenocissus tricuspidata, Hypericum mutilum,
Kalmia angustifolia

9 Vaccinium atrococcum, Limosella
subulata, Specular ia pcrfoliata, Coreopsis lanceolata, Son-
chus oleraceus.
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Neil A. Harriman and Darrell Redmond I

com

some omosome

have been determined for less than half the species and,

while chromosome numbers alone cannot serve to distin-

ems

numbers will serve in some instances to supplement

onomic judgments made largely on morphological gro

MATERIALS AND METHODS

chromosome counts from

om plants in the field or from

maintained in moist Excised root

%
in 3:1 absolute ethanol: glacial acetic acid, hydrolyzed for

ten minutes at 60°C in N HC1, and stained in Schiff's Rea-

gent. With this treatment, the chromosomes in all species

were between one and 1.5 micrometers in length, as meas-

ured with an ocular micrometer under oil immersion.

Because of the size of the chromosomes, no observations

could be made as to centromere position, satellites, or

secondary constrictions. The counts were repeatedly veri-

fied in several different root tips from the population.

Voucher specimens with a drawing of the chromosomes

were prepared. A complete set of vouchers is deposited

here at the Herbarium, University of Wisconsin-Oshkosh,

and some duplicate vouchers have been distributed else-

where.

We had intended at the outset to fix the root tips without

pretreatment, so that our findings would be comparable to

those of Snogerup (1963), who made many observations

chromosomes withm the genome

species. However, many in

727
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getting countable metaphase figures that we resorted to

colchicine pretreatment, which shortens chromosomes and

makes it impossible for us to characterize the chromosomes

with resDect to relative lengths.

OBSERVATIONS

We adopt here, without comment, the sectional designa-

tions used by Snogerup (1963) and largely by Fernald

(1950).

I. Section Poiophylli

:

1. J. bufonius L. WISCONSIN, winnebago CO.: along

south side of RR tracks at crossing on state route 110,

Algoma Blvd., at the N city limits of Oshkosh, sect. 10,

T18N, R16E. Harriman 9207. 10 July, 1973. 2n = ca. 108.

An array of chromosome numbers has been reported for

this species (see, e.g., Love & Love, 1961). It remains to

be demonstrated whether morphological correlations with

these various chromosome numbers exist. Because this

annual species regularly sets seeds, despite the high chro-

mosome numbers that have been demonstrated in some

populations, and because these higher polyploids are doubt-

less autopolyploids, it may well be that at least some popu-

lations of the species are agamospermous. The observations

of Marie-Victorin & Rouleau (1964) on pollination in this

species do not, of course, preclude the possibility of aga-

mospermy.

2. J. compressus Jacq. WISCONSIN, WINNEBAGO CO.:

along grassy edge beneath U.S. 41 overpass at state route

21, on the south side of route 21 only, and on to the lawn

at the Howard Johnson's, Oshkosh. Harriman 10186. 11

July, 1974. 2n = 44. This count is in agreement with that

reported in Snogerup (1963) 1 and repeated in Nilsson &
Snogerup (1971) and is the first report for this species

from New World material; the report of 2n = 40 (Holmen

in Love & Love, 1961) has not been confirmed thus far.
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is primarily Eurasian species is reported to range in

rth America (perhaps as an introduction) from New-
ndland and Nova Scotia to eastern Ontario. This is the
t report of its occurrence in Wisconsin; duplicates of it

re been distributed to wis, uwm, mil, mich, ny, gh,
U, NHA, min, usfs, and elsewhere. The plants occur

y densely by the hundreds, in sandy clay or clay alone,
full sun as well as in partial shade cast by the concrete
rpass bridge. In aspect, they are a deep green-black
>r, not at all glaucous as characterized by Fernald
50, p. 403). The plants were abundantly in fruit and
My identifiable in the treatments of Fernald (op. cit.),

of Nilsson & Snogerup (1971, 1972). Dr. F. J. Her-
ln has kindly confirmed the identification, and has
m permission to publish two further records for the
lies which considerably extend its heretofore known
re

: MONTANA, Beaverhead co. : marshy edge of road-
ditch, 9 miles south of Wisdom. Hermann 12484.

eptember, 1955. (ca, MONT, us) and, COLORADO,
MER CO.: sedge meadow south of Spring Canyon, 5
s southwest of Fort Collins. Herman 23841. 27 June,
.. (COLO, NY, USFS). Dr. Askell Love has mos
r called to my attention reports of /. compresms for
itoba by Scoggan (1957).

r

. dichotomies Ell. FLORIDA, alachua CO.: grassy
, bottom of steep embankment, at a rest stop on north-
id 1-75, just south of its junction with state route 121.
"iman 8860. 20 April, 1973. 2n = 80. A chromosome
ber for this species has not heretofore been published;
ies to which it is closely allied, e.g., Juncus Dudleyi,
reenei, and /. interior, likewise have 2n = 80 (see
v).

.Dudleyi Wieg. WISCONSIN, Winnebago CO.: sand
t junction of state route 116 and county trunk E, sec-

19, T18N, R15E. Redmond 139. 2 July, 1971. 2n =
he first report of a number for this soec-ies.
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5. J. Greenei Oakes & Tuckerm. WISCONSIN, waush.

CO • very abundant in a mushy roadside ditch at the ji

tion of county trunk N and state route 21 at the east .

limits of Redgranite, section 17, T18N, R12E. Harm

9258. 17 July, 1973. 2n = 80, the first number to be p

lished for this species.

6. J. interior Wieg. WISCONSIN, adams CO.
:
open, i

dry sands, on a sand lane that dead-ends at Peten

Flowage, west ca. 100 yds. off county trunk Z at An

Lane, section 15, T20N, R5E. Harrvman 10095. 29 J

1974. 2n = 80, the first report of a chromosome nun

for this species. The status of this species is a matte

some debate; Correll & Johnston (1970) suggest that

probably conspecific with Juncus dichotomus; altho

they do not reduce it to the synonymy of that species,

chromosome numbers reported here would permit sue

decision. It is obvious that J. Interior is closely relate

m

in herbaria. However, despite the strong morpholoj

these two taxa, the chromosome r
sim

bers of North American populations thus far studied

below for J. tenuis) would not support reducing J. inti

to the synonymy of J. tenuis.

7. J. tenuis Willd. WISCONSIN, winnebago CO.: san.

at junction of state route 116 and county trunk E, set

19, T18N, R15E. Redmond 140. 2 July, 1971. 2n -

This determination agrees with that of Taylor & Mull

(1968). The reports of 2n = 30 (Love & Love, 1948)

2w = 32 (Sasaki, 1937) reduct

series in this very widespread species. The report of S

84 esumably from

navian plants, is anomalous at present, but suggest;

existence of various chromosomal races which ma

correlated with morphological characters.
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II. Section Genuini

:

t halticus Willd WISCONSIN, waushara CO.: mar-
.!. balticus vvnm

T90N R9E Redmond

£ 1,^;%i
at =7appa3 £ first report

^a^orld Portion^^-f^SSS
ublished reports «**£^ (^^
arenVb th diploid and (auto) polyploid «e* detailed

"totJxonomical investigation is warranted here.

r -ffusus L WISCONSIN, makquette CO.: German.a
.
Jeftusus u vv

E j moist roadside sands,

larsh, section 12, Tl&N, «"""•
40 The same

J,rfmo»rf 115. 26 September, 1970. 2n «.

mmher has been reported by Love & Love (!»•>U-

Mull r i0R8^ renort » = 40 for var. ffiacili's

il
01'

The— fo he pr^nt determination will key

*
a,SJSitop.) Fe^Wie^Fernald^ ey

f1orm wnwpver we agree with Voss (1972) that, yvm

i
9

l rem^ot"riation are well marked, too many inter-

make it useful to attemp

;inguish varieties here."
omo

some counting over a co"*luclttW,\r ,.
ffprpnce<, among the

rtii* qnecies will reveal chromosomal diffeiences amon
f

this species wi
h m lead to a more workable

morphological vane es t at
fa ^ species .

of infraspecific categories
delimitation ui -— -

~ = 42 for a number of Swed-
Snogerup 1963) repoits 2 ^ both ^
ish populations of this species i P

aneuploidyand aneuploidy

it re-

"OH,;X I U^) are at work in this species;

• ! v! Hpmonstrated whether the complex varwiw

ofX spe^sTnttrrelated with chromosome numbers.

m 1 filiformis L. WISCONSIN, wood CO.: abundant,

pump house, in the (Man ««*W »«.
route

1/2 milemk £, V->
mne suum ^ .»«, .,----

n1fiq 9q Tune
J- 1/1 P^F T21N Harriman 101b9. ^» June,

,
section 14, RoE M™. no

. wnanme numbers73

1974. 2n = 70.
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forttiis species include 2n = 40 (Love & Love, 1956) ai2n- c
. 80 (Jorgensen et al., 1958). The report here ,

2n ~ 70 is anomalous in a genus where diploid numbe
are overwhelmingly 40 and 80, but we determined it r

Lit
om

so many other species of Juncus, this species appears to I
evolving both by euploidy and aneuploidy, but in th
instance with the aneuploidy occurring at the tetraploi
level (from 80 down to 70) rather than at the diploid leve
lo judge from the manual treatments of this species, ther
is relatively little variability and apparently little „i „
taxonomic confusion surrounding this species, despite th

or n

omosome

11. J.inflexus L. MICHIGAN, Houghton go.: roadside
and in the ditch, beside southbound U.S. 41, ca. 50 yds
inside the Hancock city limits, and 100 yds. downhill frorr
thejcenic overlook. Harriman 9682. 2 September, 1973

:Zr,::^
e
!!

rst rTrt for a New World population of

pub-
mber

lished reports for the species (Love & Love, 1961 ; Snog-
erup, 1963).

III. Section Graminifolii

:

12. J. biflorus Ell. MISSOURI, warren go. : along a drain-
age course from artificial ponds on the Hartman farm on
-state route 47, just south of its junction with county high-

Yal o'
S™^ °f Warrenton

- Harriman 9M9. 11 August,
iy?o 2n ~ 40, apparently the first number to be published
for this species.

13. J. marginatus Rostk. WISCONSIN, marquette win black muck, edge of a small puddle, off Duck Creek

f"fA

^

eCtl°n 26
'
R10E

'
T17N

- Redmond 382. 11 Au-
gust, 1971. 2n = 40; Snogerup (1963) reported 2n = 38

CO.

om Washington, D.C. These two spe-
cies, Juncus biflorus and /. marginatus, are clearly very
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closely related, together with J. Longii Fern., whose chro-

mosome number is unknown. Snogerup argues that both

J. biflorus and J. Longii should be reduced to the synonymy

of J. marginatus; the known chromosome numbers lend no

support to maintaining them as distinct species. Nonethe-

less, all current manuals of eastern North American plants

maintain these as distinct entities.

IV. Section Septati:

14. J. acuminatus Michx. WISCONSIN, WAUSHARA CO.:

wet sand at the very edge of the water, north shore of

Taylor Lake, SE*4 section 29, R12E, T19N. Harriman

10319. 27 July, 1974. 2n = 40. And: MISSOURI

CO.
Hartman

farm on state route 47, just south of its junction with

county highway CC, south of Warrenton. Harriman 9345.

11 August, 1973. 2n = 40. These are apparently the first

reports of a chromosome number for this species.

15. J. alpinus Vill. WISCONSIN, green lake co. :
marsh

beyond the east end of Water Street, in the village of

Princeton. Harriman 2579. 3 October, 1967. 2n = 40,

apparently the first determination for this species

continental North America; the same number has been

om

reported for Greenland material (Jorgensen et al., 1958),

European material (Love & Love, 1961), and Queen Char-

lotte Islands plants (Taylor & Mulligan, 1968). A count

of 2n = 80 for subsp. ywdulosus (Wahlenb.) Hulten by

rma (in Love & Love, 1948) m
the occurrence of (auto) polyploidy in various Junci.

16. J. articulatus L. MICHIGAN, Schoolcraft CO. : road-

side marshy ditch, in black, peaty muck, at entrance to

Seney National Wildlife Refuge, on state route 77, section

16, Germfask Township. Harriman 10486. 24 August,

1974. 2n = 80, again an apparent first dete]

this species from continental North America. The same
mination
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chromosome number has been determined for the species

elsewhere (Love & Love, 1961; Taylor & Mulligan, 1968,

where it is asserted that the reports of 2n = ca. 60 and
n = ca. 30 by Wulff (1937 and 1938, respectively) should

be referred to another species.) This species is somewhat
confluent with /. alpinus; the characters given in Hitch-

cock et al. (1969) serve best to distinguish the two.

17. J. brachycarpus Engelm. MISSOURI, MONTGOMERY
CO. : abundant in low, abandoned, waste edge of a soybean

field on the Welch farm, beside 1-70, at the north edge of

the village of Jonesburg. Harriman 10455. 6 August, 1974.

2n = 44, the first report for this species. Like /. compres-
sus, where both 2n = 40 and 2n = 44 have been reported,

J. brachycarpus may prove to be made up of more than
one chromosomal race, when more populations from
throughout its extensive range have been sampled.

18. J. brachycephalus (Engelm.) Buch. WISCONSIN,
WAUSHARA CO.: in marly muck at a boat landing on Marl
Lake, section 23, T19N, R9E. Harriman 7589. 28 August,
1971. 2n = 80, the first report for this species.

19. J. brevicaudatus (Engelm.) Fern. WISCONSIN, port-
age CO. : in sand pits beside U.S. 51 at the north city limits

of Stevens Point, section 18, T24N, R8E. Redmond 245.

13 July, 1971. 2?i = 80; this determination confirms the
reports of 2n = 80 by Love & Love (1966), Love & Ritchie

(1966), and Snogerup (1963).

20. J. canadensis J. Gay in La Harpe. WISCONSIN, MAR-
QUETTE CO. : sandy, wet roadside ditch in Germania Marsh,
section 12, T16N, R10E. Redmond 114. 26 September,
1970. 2n — 80 ; the same number has been determined for
this species by Snogerup (1963). It is to be expected that
these three species, Juncus brachycephalus, J. brevicauda-
tus, and J. canadensis, which are somewhat confluent

morphologically, would all have the same chromosome
number.

11
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. J. nodosus L. WISCONSIN, GREEN lake CO.: at edge

a drainage ditch in a marsh east beyond the end of East

ater Street, near the airport, in Princeton. Harriman
78. 3 October, 1967. 2n = 40, apparently the first re-

rt of a chromosome number for this species.

. J. pelocarpus E. Meyer. WISCONSIN, marquette co. :

very edge of water in wet sand, on Tuttle Lake at Camp
dian Sands, section 22, T17N, R10E. Redmond 411. 11

igust, 1971. 2n = 40, apparently the first report of a

romosome number for the species.

. J. rugulosus Engelm. CALIFORNIA, LOS ANGELES CO.

:

>t ditch and side of small creek along rough gravel por-

>n of San Francisquito Canyon Road, 15 miles north of

ugus, at possibly 1500 feet elevation, or lower; rhizomes

igled and knotted. Parfitt 1060. 27 July, 1974. 2w = 40,

b first report for this species.

. J. Torreyi Cov. WISCONSIN, WINNEBAGO CO.: very

undant in marshy area between Soo Line and C&NW
I tracks, ca. 100 yds. north of the junction of county

inks Y and A, section 80, R17E, T19N. Harriman 2574.

September, 1967. 2n =-40; Snogerup (1963) likewise

termined the same number for plants from eastern Can-

a. This species is similar to /. nodosus L., but almost

vays readily separable; we had expected to find J. Tor-

yi to be a polyploid derivative of J. nodosns, since J.

rreyi differs primarily in being larger in all its parts

in J. nodosus.

V. Section Ensifolii

. J.ensifolius Wikstr. WISCONSIN, ASHLAND CO.:

adside ditch, in standing water over a substrate of

anite chips and mud, on the east side of state route 13,

actly 0.5 mile south of the Mellen city limits, section 6,

4N, R2W, very abundant. Harriman 7484. 16 August,

71. 2n numer
s reports of Taylor & Mulligan (1968) and Snogerup
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(1963). The occurrence of this species in Wisconsin d

serves comment: the population was discovered by Huj

litis at WIS and he very kindly shared his discovery wil

us; its establishment in this single locality in Wisconsi

is unexplained. The population comprised several hundre<

of flowering stems, all abundantly in fruit and producir

apparently viable seeds ; since similar moist habitats occi

throughout much of the northcentral United States ar

adjacent Canada, the species will doubtless be found 1

occupy a much more extensive range in eastern Norl

America in the future. (The species is mentioned in Mari

Victorin & Rouleau (1964) as occurring in Quebec.)

SUMMARY OF SOMATIC CHROMOSOME NUMBERS REPORTEI

HERE, AND BASE NUMBERS IN THE SECTIONS OF JUNCUS

Sect. Genuini (Buchenau) Vierhapper : x = 20 and S

1. /. balticus 80

2. J. effusus 40

3. J. inflexus 40

These numbers support Snogerup's designation (1963) <

this section as having x = 20.

Sect. Poiophylli (Buchenau) Vierhapper : x = 20, 2

and 22

1. J. bitfortius ca. 108

2. J. compressus 44

3. J. dichotomies 80

4. J. Dudleyi 80

5. J. Greenei 80

6. J. interior 80

7. J. tenuis 40

We ignore J. bufonius in calculating base numbers, sine

the numerous counts on this species fit into no definab

pattern; the data reported here permit adding the baj

number 20 to this very diverse section of the genus.
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Sect. Graminifolii (Buchenau) Vierhapper • x = 19
and 20

1. /. marghiatus 40
2. J. biflorus 40

Snogerup (1963) calculated a base number of 19 for this
section, based on his one count of 2n = 38 for J. mar-
ginatus. The counts reported here establish a second base
number for this section.

Sect. Septati (Buchenau) Vierhapper : x = 20 and 22

1. J. acuminatus 40
2. /. alpinus 40
3. J. articulatus 80
4. /. brachycarpus 44
5. /. brachyccphalus 80
6. J. brevicaudatus 80
7. J. canadensis 80
8. /. nodosus 40
9. /. pelocaipus 40

10. </. rugulosus 40
11. J. Torreyi 40

The counts reported here generally support Snogerup's
designation of base number in this section as x = 20

;

however, the count for brachycarpus now establishes a
base number of a; = 22 in this section as well.

Sect. Ensifolii Rydb. ex Snogerup : x = 20

1. J. ensifolius 40

Wiscon
mb

LITERATURE CITED

CORBELS D., & M. Johnston. 1970. Manual of the Vascular Plants
of x exas. Texas Research Foundation, Renner. 1881 ppFernald, M. L. 1950. Gray's Manual of Botany. 8th Edition
American Book Co., New York. 1632 pp.



738 Rhodora tVoL 78

Hitchcock, C. L. 1969. Juncaceae. In: Hitchcock, C L, et al

"Vascular Plants of the Pacific Northwest." Univ. Wash. Publ.

Biol. 17 (1) : 179-219.

J0RGENSEN, C, et al. 1958. The flowering plants of GreenlaM.A

taxonomical and cytological survey. Biol. Skr. Dansk. V.densk.

Selsk. 9: 1-172.

Love, A., & D. LflVE. 1948. Chromosome numbers of northern plant

species. Icel. Univ. Inst. Appl. Sci. Dept. Agr. Rep. B. 3: 1-131.

1956. Cytotaxonomical conspectus of the Icelandic

Flora. Acta Hort. Gotob. 20: 65-291.

.. 1961. Chromosome numbers of central and northwest

European plant species. Op. Bot. (Lund) 5: 1-581.

1966. Cytotaxonomy of the alpine vascular plants ot

Mt. Washington. Univ. Colo. Studies, Ser. Biol. 24: 1-74.

_ & j. C. PvlTCHlE. 1966. Chromosome numbers from cen-

tral Canada. Canad. Jour. Bot. 44: 429-439.

MARIE-VICTORIN, & E. ROULEAU. 1964. Flore Laurent.enne. Uni-

versity of Montreal Press. 925 pp.

Nilsson 0., & S. SNOGERUP. 1971. Drawings of Scandinavian

Plants. 60-64. Juncus L. Bot. Not. 124: 435-441.

1972. Drawings of Scandinavian Plants 75-80. Juncus

L. Bot. Not. 125:203-211.

Sasaki, M. 1937. Chromosome numbers of Miscanthus and J mica-

ceous plants. Jap. J. Genet. 13: 260.

SCOGGAN, H. J. 1957. Flora of Manitoba. National Museum of

Canada, Bulletin No. 140, Biological Series No 47. 619 pp.

SNOGERUP, S. 1963. Studies in the genus Juncus III. Observations

on the diversity of chromosome numbers. Bot. Not. 116. 142-166.

Taylor, R., & G. Mulligan. 1968. Flora of the Queen Charlotte

Islands. Ft. 2. Cytological aspects of the vascular plants. Can-

ada Dept. of Agriculture, Monograph No. 4, part 2. 148 ,,p.

VOSS E. 1972. Michigan Flora. Pt. 1. Gymnosperms and Mono-

cots. Cranbrook Inst, of Science, Bulletin 55. 488 pp.

WULFF, H. G. 1937. Karyologische untersuchungen an ^der Halo-

phyten flora Schleswig-Holsteins. Jahrb. Wiss. Bot. 84: 812-840.

_ 1938 Chromosomen studien an der schleswig-holste.n-

ischen ' Angiospermen-Flora. II. Ber. Deutsch. Bot. Ges. 5b:

247-254.

BIOLOGY DEPARTMENT
UNIVERSITY OF WISCONSIN — OSHKOSH

54901

(



MORPHOLOGICAL VARIATION OF ELUL

IN WESTERN MASSACHUSETTS:

FIELD AND LABORATORY STUDIES

Debra K. Lawrence

Michaux (Helobiae

f ftf 17 series nine of which are distributed in
consists oi 1/ species, nine v

vrftr+V)

North America and eight in South America. In No*
Ame Michx. is the most

^d species, spanning the continent tromQuehee to

ibama

numm Planch. 'has the second widest range oecumng

ltly from
Missouri,

Amer

erne

om
s lire eAticiiici.j' x^^v-* —

single localities. Neither £. ewwdeiww nor^
America

economica

important plants because of their frequent <~«™^
troublesome waterweeds. Stud.es indicato that these^two

species are present at different stag** m the^utooph.catm

to variousto various forms of pollution, including nutrient enrich-

ment, than E. canadensis (Stuckey, 1971; L.nd and Cot-

ram 1969; Volker and Smith, 1965).

giants of both Elodea canadensis and E
»«««««

J«
dioecious. The flowers of the two species diffei p. man

in size Those of E. canadensis are larger, and at flowei

ng both the staminate and pistillate flower buds are raised

by filiform hypanthia to the water's surface where anthesis

/nd pollination take place. Pistillate flowers of S.—

.

are also raiseu uy ^^—
T

, , to
minate flowers of this species are sessile. Just

;

pnoi to

anthesis the staminate flowers abscise and float:tc the

surface of the water, where they open Then pdta
£

shed on the surface of the water and floats to the pistillate

flowers (St. John, 1965).

739
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romnation and seed formation are extremely rare. Rea-
sons for this are the brief and infrequent flowering periods
and the differing abundance of the two sexes in nature,
pistillate plants being collected much more often than
staminate plants. At nearly every locality of staminate
plants, pistillate plants are known to occur also, although
the reverse is not true.

A distinction has often been made between pistillate
and staminate plants of Elodea canadensis to the extent
that the staminate plants were at one time believed to
represent a separate species. Staminate flowers differ from
pistillate ones in having longer sepals and petals. The
leaves of successive nodes on the holotype and on most
of the staminate plants which St. John examined (1965)
were more widely spaced, narrower, and thinner than
those of pistillate plants. However, in some collections
of flowering staminate plants, the broad, firm, imbricate
leaves were indistinguishable from those of pistillate
plants (St. John, 1965). The distinction between male
and female plants on the basis of vegetative morphology
alone is, therefore, neither valid nor dependable.
Due to the brief flowering period, the minute size of the

flowers and infrequent flowering, leaf size, shape, and ar-
rangement are often the only criteria available to dif-
ferentiate species. The vegetative phase of Elodea is
submerged, and both E. canadensis and E. nnttallii grow
either rooted in the bottom or free-floating. Plants of
Elodea canadensis have a firm, dark green appearance,
with ovate to oblong leaves crowded and densely imbri-
cated near the apex. Elodea nuttallii plants are slenderer,
pale green, and flaccid, with linear or narrowly linear
lanceolate leaves. Table 1 gives ranges and some averages
of leaf widths of E. canadensis and E. nuttallii published
in recent treatments. Leaf length of both species is in
the range of 6-17 mm (Fernald, 1950).

Problems of misidentification of species of Elodea, par-
ticularly E. canadensis and E. nuttallii, appear to be
compounded by phenotvnic nlastim+v in thn Wo«.^+i,T„ ™
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ans of the plant. Additionally, the superficial similarity of

he vegetative state of Egeria densa Planch, (once treated

s Elodea canadensis var. gigantea; see St. John, 1965, and

larie-Victorin, 1931) to that of Elodea spp. has intro-

uced errors in reports omosome counts, habit de-

a due to misdeterminations.

i primary

stems are

at traffic.

Vegetative reproduction in both species is

leans of regeneration. The brittle and delica'

asily fragmented by currents, winds, motor

oraging animals, or other disturbance. Any part of the

,xis is capable of producing a new plant if a dormant

ateral bud is present and the f

.esiccated (Sculthorpe, 1967)

.

agment
agments can become

ooted in new locations by means of adventitious roots

>roduced at the nodes.

Reductions of leaf width in Elodea canadensis in re-

ponse to nutrient enrichment have been reported (Adams

ft al., 1971). Preliminary observations of the vegetative

frowth of E. canadensis and E. nuttallii raised in tanks

Table 1

Ranges and averages of leaf widths of Elodea canadensis

L
treatments

\.utho

^ernald (1950)

!t. John (1965)

iivingston (1967)

eymour (1969)

adfordetal. (1964)

leason (1952)

assett (1969)

uenscher (1944)

E. canadensis

1.0-5.0 mm

1.0-5.0 mm

2.0-5.0 mm

1.0-5.0 mm

1.0-5.0 av. 2.0 mm

1.2-4.0 av. 2.0 mm

1.2-4.5 av. 2.0 mpi

1.2-4.0 av. 2.0 mm

E. nuttallii

0.3-1.5 mm

0.3-1.5 mm

1.2-1.5 mm

0.3-1.5 mm

< 1.5 av. 0.3 mm

0.7-1.8 av. 1.3 mm

0.7-1.8 av. 1.3 mm

0.7-1.8 av. 1.3 mm
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at higher temperatures than normally encountered in t

field revealed morphological variation in E. canadens

An experiment was therefore devised to determine t

extent of this morphological change in vegetative plai

induced by growing specimens at various temperatur

The study also attempted to determine whether accept

taxonomic criteria for distinguishing E. canadensis a

E. nuttallii are effective in natural populations.

Effects of Elevated Temperature
on the Vegetative Morphology

of Elodea canadensis

materials and methods

Plants of Elodea canadensis were collected from Bro
Brook near its entry into Nashawannuck Pond, Eastham
ton, Massachusetts. Water temperatures in Broad Broc

which is fed in part by natural artesian wells, were me*

ured at biweekly intervals during summer, 1973, at t

collection site. Mean temperature in Broad Brook w
13.5 C. No readings deviated more than one degree Cen
grade from the mean. Plants were removed from t

collecting site at the substrate level, placed in gallon ja

filled with pond water for transport to the Lyman Pla

House at Smith College, briefly rinsed with tap wat(

and cut to 8 cm lengths. Each 8 cm piece had a growi]

tip and was without branches or roots.

Eight 5.7 liter (6 qt.), all glass, rectangular aquai

were used for culture. Sand 4-6 cm deep was placed

each tank, and the tanks were filled with water fro

Broad Brook. Twenty-five 8 cm plants were placed in ea<

tank with the lower portions of the stem embedded in t"

sand. The tanks were marked and placed in a water ba

with non-transparent sides which shaded them so that, f

the most part, plants received light only through the su

face of the water.
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All growth experiments were conducted in the Lyman

Plant House, where plants received natural day lengths

and were subject to day-night and day-to-day temperature

fluctuations. Water lost through evaporation was replaced.

Daytime temperatures ranged from 19 C to 30 C with a

mean of 25.6 C.

measur

vals of 1 week, 2 weeks, 4 weeks, 5 weeks, and 7 weeks.

Fifteen plants were measured each time except week 5,

when by error six were measured. Since the measuring

process destroyed the plants, five additional specimens

were pressed and reserved as vouchers each week. These

were deposited in the herbarium of Smith College. Param-

eters measured were length, weight, whorls/2 cm, width

of leaves, and length of leaves. Ten leaves were

from each plant and measured with a millimeter ruler. On
remo\

cm
2 leaves measured were from

of the plant. The rest were

spaced evenly up the newly grown portion of the stem.

In following weeks, the procedure was the same except

only three of the leaves measured were from the original

section of the plant. The experiment began July 2, 1973,

and the final measurements 197o.

DISCUSSION

The number of leaves having widths less than or equal

to 1.5 mm increased on cultured specimens of Elodea

canadensis as the experiment progressed (Table 2). Re-

gression analysis (Sokal and Rohlf, 1969) of the relation-

ship between number of leaves 1.5 mm or less in width

and age in weeks reveals a highly significant positive

regression (.02>P>.01).

Plants grown in Broad Brook under field conditions at

an average temperature of 13.5 C represent the control

group. These specimens of Elodea canadensis did not show

a change in leaf size. Mean width of leaves was 2.62 mm
kwi+.h n ranffp of 2.0-4.0 mm.
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Leaves produced in culture tended to resemble Elodea

nuttallii. This effect was more pronounced during latei

phases of the experiment. Leaves on the original 8 cm o1

each plant retained their initial dimensions (3-4 mm).
Leaves produced above them were narrower (2-3 mm)

:

and this area of intermediate-sized leaves was followed

by a portion of stem having very short, narrow leaves

(1.75-2.25 mm). All growth above that section consisted

of longer, more narrow leaves (1.25-1.75 mm). Leaves

produced in culture were paler green and more flaccid thar

those present at the beginning of the experiment.

Morphological Variation in

Selected Populations of Elodea
in Western Massachusetts

MATERIALS AND METHODS

Elodea plants were sampled at ZU localities throughout

western Massachusetts. Publications No. 10-2 (McCain

and Daly, undated), No. 10-4 (McCann and Daly, 1972)

and No. 11 (Livingston and Bentley, undated) of the

Water Resources Research Center at the University oi

Massachusetts were used as guides to the location of pos-

sible collection sites.

A single measurement of water temperature was made
at each site. Temperatures varied from 13 C at Broac

Brook to 33 C at Buck Pond. At 11 sites, water tempera

tures were 25 C or higher at the time of collection.

Collected plants were placed in labeled jars with pone

water. Plants were rinsed, cut into 8 cm pieces, and

weighed. The number of whorls per 2 cm length, and the

length and width of five leaves on each of 20 plants were

measured in all but three populations in which only ter

plants were available for measurement.

Collections were made from July 3 to September 16

1973.
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Table 2

Percent of total number of leaves measur

a width < 1.5 mm on specimens of Elodea

times before and during culture.

Weeks in Culture Percent of leaves < 1.5 mm

1

2

4

5

7

Q QO.O

19.3

28.0

30.0

37.3

DISCUSSION

All plants collected occurred in water not more than

1.5 meters deep. Characteristic habitats were silt, sand

on silt, and sand substrates in water of slow to moderate

current velocity. Lakes where Elodea was found had open

man
moderate aquatic vegetation cover. Isolated lakes with

little submergent vegetation, rocky bottoms, and limited

use did not support Elodea, nor did highly eutrophic lakes

with little open water and thick covers of Nymphaea

odorata, Nuphar variegatum, Pontederia cordata, and

Lemna minor. Sites where plants were collected varied

from clean, clear water to polluted, turbid conditions.

Leaf length of Elodea canadensis and E. nuttallii are

generally described as similar (St. John, 1965; Fernald,

1950) ; hence only leaf width was used to differentiate

species. Table 3 is a list of the collection sites, their loca-

tion by town, and the range, 95% confidence interval, and

mean of the leaf width of each population. Two level

nested anova (Sokal and Rohlf, 1969) reveal a highly

(P<.001),

and a non-significant variation among individual plants
among

within a population. The samples clearly fall into two



746 Rhodora [Vol. 7!

groups. Card Pond, Prospect Lake, Broad Brook, and
Lake Buel form one group; their mean leaf widths arc

all greater than 2.5 mm, and their ranges do not extenc

below 2 mm. On this basis, these four should be classified

as E. canadensis (see Table 1). Flowers characteristic

of E. canadensis were produced by plants of the Broac
Brook population in culture. None of the areas where
these four populations were collected exhibited such overt

signs of pollution as high turbidity, foul odor, oil scum
or algal bloom.

Table 3

Collection site, location by town, and mean, 95% confi-

dence interval anc I rang'e of le;if width for 20 populations

of Elodea collected in western Massach u setts.

Location Mean .and Confi-

Collection Site by Town dencti Interval Range

Prospect Lake Egremont 3.31 ± 0.18 2.50-4.00

Card Pond West Stockbriiilge 3.19 ± 0.25 2.25-4.75

Lake Buel Monterrey 2.99 ± 0.14 2.00-4.00

Broad Brook Easthampton 2.62 ± 0.18 2.00-4.00

Harts Brook Hadley 1.75 ± 0.13 1.50-2.25

Chapin Pond Ludlow 1.67 ± 0.06 1.25-2.00

Benton Pond Otis 1.63 ± 0.08 1.25-2.00

Lake Garfield Monterrey 1.54 ± 0.18 1.00-2.50

Ashley Pond Holyoke 1.44 ± 0.08 1.25-2.00

Porter Lake Springfield 1.43 ± 0.06 1.00-1.75

Congamond Lake Southwick 1.42 ± 0.09 1.00-2.00

Hulbert's Pond Northampton 1.34 ± 0.11 1.00-1.75

Pequo't Pond Westfield 1.29 + 0.05 1.00-1.75

Center Pond Becket 1.25 ± 0.13 1.00-2.00

Manhan River Southampton 1.23 ± 0.07 1.00-1.50

Paradise Pond Northampton 1.22 ± 0.06 1.00-1.50

Nashawannuck Pond Easthampton 1.20 ± 0.08 1.00-1.75

Forge Pond Granby 1.18 ± 0.05 1.00-1.50

Buck Pond Westfield 1.11 + 0.04 1.00-1.50

Norwich Pond Huntington 1.03 :± 0.03 1.00-1.50
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mm
mm. Flow-

Twelve of the sample populations have mean leat widths

of less than 1.5 mm: Hulbert's Pond, Forge Pond, Ashley

Pond, Porter Lake, Congamond Lake, Buck Pond, Center

Pond, Pequot Pond, Manhan River, Nashawannuck Pond,

Paradise Pond, and Norwich Pond. Flowers typical of

Elodea nuttallii were observed in the Hulbert's Pond,

Nashawannuck Pond, and Paradise Pond populations. On

the basis of their leaf widths, these are apparently E.

nuttallii. Several of these 12 populations of E. nuttallii,

including Hulbert's Pond and Nashawannuck Pond have

ranges extending beyond the 1.5 mm limit, and three

exceed the 1.8 mm limit set by some authorities.

Four populations remain unclassifiable: Chapin Pond,

with mean leaf width 1.67 mm ; Lake Garfiek

Benton Pond, 1.63 mm; and Harts Brook, 1.75

ering was not observed in any of these populations. It is

conceivable that flowers are not as definitive a taxonomic

criterion as is supposed, most herbarium specimens being

based on strictly vegetative material (Radford et al., 1964),

and Elodea canadensis and E. nuttallii may not be as

clearly differentiated as presumed. Fertile crosses of E.

canadensis with E. nuttallii have been reported (Ernst-

Schwarzenbach, 1945), and these unclassifiable populations

may be of hybrid origin. These four populations could

represent another previously undeseribed species or one

of the other species of limited distribution outside its

known range. They may also be specimens of E. canaden-

sis with decreased leaf width as a response to environ-

mental conditions. Chromosome counts will not aid in

species identification, because diploid numbers overlap and

seem to vary (Radford et al, 1964; Darlington and Ammal,

1945; Santos, 1924).

SUMMARY

economically im

portant plants because of their occurrence as troublesome

waterweeds and their potential use as indicators of pollu-

tion. Due to infrequent and brief flowering, leaf morphol
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ogy is often used to differentiate species. In an experimen
designed to test the effects of elevated temperature on th

vgetative morphology of E. canadensis, leaf width wa
reduced, and leaves were produced which fell within th

reported range of E. nuttallli. Accepted taxonomic criteri.

for distinguishing E. canadensis and E. nuttallli were no

samnled in western M
sachusetts.
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ENUMERATION AND TYPIFICATION OF GENERA
IN THE TRIBE CERCIDEAE 1

Richard P. Wunderlin

The tribe Cercideae (Leguminosae) was erected by Bronn

(1822) and contained at that time the single genus Cercis

L. Simultaneously Bronn erected the tribe Cassieae and

placed in it 26 genera, including Bauhinia L. Subsequently

Bentham (1840) erected the tribe Bauhinieae, placing it

in Bauhinia L., Casparia Kunth, Cercis L., Etaballixi

Benth., and Schnella Raddi. The tribe Bauhinieae, with

the inclusion of Cercis, is contribal with Cercideae. Until

recently, most authors have used Bentham's tribal name,

apparently unaware of Bronn's earlier name. Later Ben-

tham (1865) reduced the number of genera to three:

Bauhinia, Cercis, and a newly erected genus, Bandeiraea
Welw. ex Benth. He transferred Etaballia to the tribe

Dalbergieae and placed it in synonymy under Inocarpus
Forst. In that treatment Bentham reduced Schnella to a

section of Bauhinia and also recognized Casparia as a sec-

tion of Bauhinia as was previously proposed by Candolle

(1825). About the same time Baillon (1865) erected

Griffonia which is considered congeneric with Bandeiraea
by all later workers and antedates it by only eight days.

The proximity of dates led to confusion regarding which
name had priority, resulting in some authors accepting

Bandeiraea over Griffonia.

taxonomists

treatment Britton

and Rose (1930) and Wit (1956) represent two out-

standing exceptions to this. Britton and Rose recognized
six genera in North America and erected Caspareopsis.
Wit recognized seven genera in Malaysia, erected Brae-

Contribution no. 92 froin the Botanical Laboratories, University
of South Florida.

750
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om
within Bauhinia to generic level. Rafinesque (1838) had

established the genera Binaria, Cansenia, Elayuna, Man-

darus, Monoteles, and Telestria, in addition to recognizing

Casparia and Phanera, all segregate genera of Bauhinia;

Drake del Castillo (1902) first described Gigasiphon;

Cuervo Marquez (1920) erected Ariaria; Rusby (1927)

erected Cardenasia; and Torre and Hillcoat (1955) elevated

Adenolobus and Tylosema from sectional status within

Bauhinia to generic level. In addition to Bauhinia, Cercis,

and Griffonia, several recent taxonomists also recognize

Gigasiphon (e.g., Exell & Mendonca, 1956; Brenan, 1967;

Aubreville, 1968), Piliostigma (e.g., Exell & Mendonca,

1956; Hutchinson & Dalziel, 1958; Brenan, 1967; Aubre-

ville, 1968, 1970), Tylosema (e.g., Exell & Mendonca, 1956;

Brenan, 1967), and Adenolobus (e.g., Exell & Mendonca,

1956) as distinct genera.

In view of the complex taxonomic history of the tribe

and the time lapse since the last comprehensive evaluation

(Taubert, 1892), a revision of the tribe seems to be in

order. This paper constitutes the first step in such a pro-

posed revision. It is intended to enumerate the validly

published generic names which have been ascribed to the

tribe and the typification of each. Five genera, Cansenia

Raf., Mandarus Raf., Siliquastrum Tournef. ex Adans.,

Telestria Raf., and Bauhinia Raf., which were not pre-

viously typified, are lectotypified here in the interest of

taxonomic stability. Orthographic variants and typo-

graphic errors are also listed under the appropriate generic

names.

ADENOLOBUS (Harv.) Torre & Hillc. in Exell & Mend.,

Bol. Soc. Brot., ser. II 29: 37. 1955. Based on Bauhinia

sect. Adenolobus Harv. in Harv. & Sond., Fl. Cap. 2:

275. 1862.

Type: A. garipensis (E. Mey.) Torre & Hillc. Based on

Bauhinia garipensis E. Mey. Originally monotypic.
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ALVESIA Welw., Apont. 587. 1858. nom. rej.

Type: A. bauhinioides Welw. Originally monotypic. The
name antedates Alvesia Welw., 1869 [Labiatae], but the

latter is a nomen conscrvandum.

AMARIA Mutis, Sem. Nuev. Gran. 2: 25. 1810.

Lectotype: A. petiolata Mutis ex DC.
Two species were described by Mutis in the original publi-

cation with polynomials. Candolle (1825) validated these

with binomials. The first of these two species has been

designated as the lectotype by Britton and Killip (1936).

ARIARIA C. Marq., Estud. Arq. Etno. Amer. 1: 141. 1920.

Type: A. superba C. Marq. Originally monotypic.

BANDEIRAEA Welw. ex Benth. in Benth. & Hook, f.,

Gen. PL 1: 577. 1865 (ca. 19 Oct.). Bandereia BailL,

Hist. PI. 2: 210. 1870, typographic error.

Lectotype: B. simplicifolia (Vahl ex DC.) Benth. ex Oliv.

Based on Schotia simplicifolia Vahl ex DC. Bentham
(1865) described the genus and noted that it contained

two or three species including Schotia simplicifolia, but

no transfers were made or new species described. Later
Bentham (1866) described two new species and noted that

one of them, B. speciosa Welw. ex Benth. was probably the

same as Schotia simplicifolia. Five years later Oliver

(1871) formally transferred S. simplicifolia into Bandei-

raea. The person responsible for the designation of B.

simplicifolia as the lectotype is not known to this investiga-

tor, but the species is generally accepted as the lectotype

(vide Index Nominum Genericorum).

Bauhinia L., Sp. PL 374. 1753. Bauhina Corth., Disp. 22.

1790, orthographic error; Bauhinea Wats., Proc. Amer.
Acad. Arts 25: 147. 1890, orthographic error.

Lectotype : B. divaricata L. Eight species appeared in the

original publication. Hitchcock and Green (1929) selected

B. divaricata as the lectotype on the basis that the generic

description was drawn by Linnaeus from that species.
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BAUHINIA Kunth, Ann. Sci. Nat. (Paris) 1: 85. 1824.

Lectotype: B. aculeata L. Kunth's circumscription of

Bauhinia excluded the type species of Bauhinia L., thereby

creating a later homonym. Britton and Rose (1930) at-

tempted to lectotypify "Bauhinia L." sensu Kunth with

B. aculeata and effected a lectotypification of Bauhinia

Kunth.

BAUHINIA Raf., Sylva Tellur. 121. 1838.

Lectotype: B. aculeata L. In dividing Bauhinia L. into

segregate genera, Rafinesque excluded the type species,

thereby creating a second later homonym. Since no species

were cited by Rafinesque, B. aculeata is here designated as

the lectotype of Bauhinia Raf. which is the sense in which

Rafinesque defined the genus.

BINARIA Raf., Sylva Tellur. 122. 1838.

Type: B. cumanensis (H.B.K.) Raf. Based on Bauhinia

cumancnsis H.B.K. Designated type in the original publi-

cation of the genus.

BRACTEOLANTHUS de Wit, Reinwardtia 3: 415. 1956.

Type: B. dipterus (Bl. ex Miq.) de Wit. Based on Bau-

hinia diptera Bl. ex Miq. Originally monotypic.

CANSENIA Raf., Sylva Tellur. 122. 1838.

Lectotype: C. ungulata (L.) Raf. Based on Bauhinia un-

gulata L. In the original publication of Cansenia, Rafin-

esque stated "Type C. or B. angulata and tomentosa ? st.

monad." Since the basionym B(auhinia) angulata is a

nomen nudum, it is excluded as a possible lectotype. Index

Kewensis (1: 413. 1895) lists Cansenia angulosa and

Cansenia tomentosa as being synonymous with Bauhinia

angulosa and Bauhinia tomentosa respectively. Since the

name Bauhinia angulosa was not validly published until

1939 by Vogel, and since Vogel's species does not fit the

description of Cansenia, the citation of C. angulosa in

Index Kewensis is undoubtedly an error. Whether the
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question mark placed by Rafinesque in the statement of his

protolog referred to the doubtful inclusion of B. tomentosa

in Cansenia or to the stamen How-
ever, B. tomentosa does not fit the description of Cansenia

well and is therefore considered as an unsuitable choice for

the lectotype. In the author's opinion, the specific epithet

ungulata is undoubtedly a typographical error for ungulata.

Bauhinia ungulata does fit the description of Cansenia.

Thus Cansenia ungulata (L.) Raf. is best chosen as the

lectotype of Cansenia.

CARDENASIA Rusby, Mem. New York Bot. Gard. 7: 257.

1927.

Type: C. setacea Rusby. Originally monotypic.

CASPAREOPSIS Britt. & Rose, N. Amer. Fl. 23: 217.

1930.

Type: C. ynonandra (Kurz) Britt. & Rose. Based on Bau-

hinia monandra Kurz. Originally monotypic.

CASPARIA Kunth, Ann. Sci. Nat. (Paris) 1: 85. 1824 (?

Jan.). Casparea H.B.K., Nov. Gen. Sp. 6: 317. 1824

(24 Apr.), orthographic error; Cusparia D. Dietr., Sy-

nops. 2: 1473. 1840, typographical error.

Type: C. pes-caprae (Cav.) H.B.K. Based on Bauhinia

pes-caprae Cav. No combination was made by Kunth in

the original publication of the genus, but in its subsequent

republication as Casparea by Kunth in Humboldt and
Bonpland, the single combination C. pes-caprae was made.

Thus Casparia was originally monotypic.

CAULOTRETUS Rich, ex Schott in Spreng., L. Syst. Veg.,

ed. 16. 4(2): 406. 1827.

Type : C. smilacinus Schott. Originally monotypic.

CERCIS L., Sp. PI. 374. 1753. Circis Chapm., Fl. S. U.S.

114. 1860, typographical error.

Lectotype: C. siliquastrum L. The first of two species in

the original publication was designated as the lectotype by
Britton and Schafer (1908).
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ELAYUNA Raf., Sylva Tellur. 145. 1838. nom. rej.

Type : E. biloba Raf., nom. Meg. New name for Bauhinia

tamarindacea Del. Originally monotypic. The name ante-

dates Piliostigma Hochst., 1846, but the latter is a nomen

conservandum.

GIGASIPHON Drake del Cast, in Grandid., Hist. Phys.

Madag. 30(1)88. 1902.

Type: G. humblotianum (Baill.) Drake del Cast. Based

on Bauhinia humblotiana Baill. Originally monotypic.

GRIFFONIA Baill., Adansonia 6: 188. 1865 (7 Oct.).

Type: G. physocarpa Baill. Originally monotypic. Grif-

fonia Baill. is also an earlier homonym of Griffonia Hook,

f., 1865 (ca. 19 Oct.) [Rosaceae].

LACARA Spreng., Neue Entdeck. 3: 56. 1822.

Type: L. triplinervia Spreng. Originally monotypic. La-

cara Spreng. is also an earlier homonym of Lacara Raf.,

1836 [Campanulaceae].

LASIOBEMA (Korth.) Miq., Fl. Ind. Bat. 1: 71. 1855.

Based on Bauhinia sect. Lasiobema Korth., Verh. nat.

Gesch., Bot. 84. 1841.

Lectotype: L. scandens (L.) de Wit. Based on Bauhinia

scandens L. Wit (1956) designated L. scandens (L.)

de Wit as the lectotype which he considered the same as

L. anguina, the only described species of three cited in the

original publication of the section of Bauhinia by Korthals

and the first of two cited in the original publication of the

genus by Miquel.

LOCELLARIA Welw., Apont. 588. 1858.

Type: L. bauhinioides Welw. Originally monotypic.

LYSIPHYLLUM (Benth.) de Wit, Reinwardtia 3: 431.

1956. Based on Bauhinia sect. Lysiphyllum Benth. in

Benth. & Hook, f., Gen. PI. 1: 576. 1865.

Type: L. cunninghamii (Benth.) de Wit. Based on
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Pkanera cunninghamii Benth. Designated type in the

original publication of the genus.

MANDARUS 1838.

Lectotype: M. divaricatus (L.) Raf. Based on Bauhinia

divaricata L. The first of four definitely, and one question-

ably, included species in the original publication is here

designated as the lectotype. This genus was erected by

Rafinesque to include the monandrous New World species

of Bauhinia L. which is typified by B. divaricata L.

MONOTELES Raf., Sylva Tellur. 122. 1838.

Type: M. paradoxa Raf., nom. Meg. New name for Bau-

hinia monandra Kurz. Originally monotypic.

PAULETIA Cav., Icon. 5: 5. 1799.

Lectotype : P. inermis Cav. The first of two species in the

original publication has been designated as the lectotype

by Wit (1956).

PERLEBIA Mart, in Spix & Mart., Reise Bras. 2: 555.

1828.

Type: B. bauhinioides Mart. Originally monotypic. Per-

lebia Mart, is also an earlier homonym of Perlebia DC,
1829 [Umbelliferae].

PHANERA Lour., Fl. Cochinch. 1: 37. 1790.

Type: P. coccinea Lour. Originally monotypic.

PILIOSTIGMA Hochst., Flora 29: 598. 1846. nom. cons.

Pileostigma Benth. in Benth. & Hook, f., Gen. PL 1: 576.

1865, orthographic error.

Lectotype: P. reticulatum (DC.) Hochst. Based on Bau-

hinia reticulata DC. The second and older of the two spe-

cies cited in the original publication has been designated as

the lectotype by Keay (1954). Elayuna Raf. antedates

Piliostigma, but the latter is a nomen conservandum.

SCHNELLA Raddi, Mem. Soc. Ital. Modena 18: 411. 1820.

Lectotype: S. macrostachya Raddi. The first of two spe-
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cies cited in the original publication was designated by

Britton and Rose (1930) as the lectotype.

SILIQUASTRUM Tournef. ex. Adans., Fam. 2: 317. 1763.

Lectotype: S. arbor-judae Medic, nom. Meg. New name
for Cercis siliquastrum L. Adanson did not cite any spe-

cies, thus the first of two species placed in the genus by

Medicus (in Vorles, Churpf. Phys. Ges. 2: 339. 1789) is

here designated as the lectotype. The basis for this selec-

tion is that S. arbor-judae is a new name for Cercis sili-

quastrum L., the type species of Cercis, with which Sili-

quastrum is congeneric. Siliquastrum was proposed as a

substitute name for Cercis on the basis that it was older,

but it is pre-Linnean and can not be considered according

to the rules of priority of the International Code of Bo-

tanical Nomenclature.

TELESTRIA Raf., Sylva Tellur. 122. 1838.

Lectotype: T. purpurea (L.) Raf. Based on Bauhinia
purpurea L. The first of two species cited in the original

publication is here designated as the lectotype.

TOURNAYA Schmitz, Bull. Jard. Bot. Nat. Belg. 43: 397.

1973.

Type: T. gossiveileri (Baker f.) Schmitz. Based on Bau-
hinia gossweileri Baker f. Originally monotypic.

TYLOSEMA (Schweinf.) Torre & Hillc. in Exell & Mend.,
Bol. Soc. Brot., ser. II 29: 38. 1955. Based on Bauhinia
sect. Tylosema Schweinf., Reliq. Kotsch. 17. 1868.

Type: T. fassoglensis (Kotsch.) Torr. & Hillc. Based on
Bauhinia fassoglensis Kotsch. Originally monotypic.

excluded genera

ETABALLIA Benth., Hook. Journ. Bot. 2: 99. 1840.

Type: E. guianensis Benth. Two species were cited in the
original publication. The first of these, E. guianensis, was
given a latin diagnosis and probably served as the basis for
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the generic description. The second was listed at the end

of the discussion with only a short English diagnosis. It

was later suppressed by Bentham (1842) as an error,

thereby making Etaballm monotypic. The exact placement

of this genus presently is in doubt, but it does not belong

in the Cercideae (= Bauhinieae Benth.) as proposed by

Bentham (vide Rudd, 1970).

PERLEBIA Schmitz, Bull. Jard. Bot. Nat. Belg. 43: 381.

1973, nam. inval.

The circumscription of Perlebia by Schmitz excluded the

type species of Perlebia Mart, thereby creating a later

homonym. However, Schmitz neglected to designate a type

species for his Perlebia and thus his name is a nomen in-

validum according to article 37 of the International Code

of Botanical Nomenclature.

"SCHOTIARIA DC." Hutchinson, Gen. Fl. PL 1: 241.

1964, error in citation.

Candolle (1825) described Schotiaria as a section of

Schotla Jacq. containing the single species Schotia simplici-

folia Vahl ex DC. This species is regarded as the type

species of Griffonia Baill. The citation by Hutchinson of

"Schotiaria DC. (1825)" as generic synonym of Griffonia

is an error in citation and not a validly published generic

name.
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SOUTH AMERICAN LINUM, A SUMMARY

C. M. Rogers and R. A. Mildner

num is a genus of perhaps 150 species, widely dis-

temp

of the world. The greatest number and diversity ot species

are in the eastern Mediterranean region, where all of the

usually recognized sections of the genus are represented.

Studies of the North American flaxes (Rogers, 1963, 1968,

1969) have shown that they are related to and probably

had their origin among Old World plants. It has seemed

worthwhile to learn more about the relationships of the

several South American species. The present paper, for

which much of the information comes from the disserta-

tion of Mildner (1971), summarizes the results of this

study. With the aid of a Sigma Xi Grant-in-Aid of Re-

search to the senior author it has been possible for both

of us to observe most of the species in the field and to

collect various kinds of materials. Herbarium specimens

have been borrowed from a number of institutions and the

help of the several curators is gratefully acknowledged.

For certain South American species the reexamination of

specimens housed in Old World herbaria will be needed

before their final circumscription and typification can be

determined and synonymy finalized. When these questions

have been resolved, a revision of the genus in South

America, including detailed descriptions of the species,

can be presented, but there are enough data now available

to summarize many of the relationships of the South

American plants to each other and to species in other

parts of the world.

Although Linum bienne Huds., L. usitatissimum L. and

perhaps, occasionally, other Old World species may be

from

Amer
genus, Cliococca and Linastrum. The former monotypic

from
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it is much better treated as a separate genus (Rogers &
Mildner, 1972). Linastrum is probably the largest and
most widespread section of the genus, being found not only
in several parts of the Old World, but including all but
two or three of the approximately forty native North
American species.

There may be as many as seventeen or eighteen taxa in

South America. Their total known distribution (together
with the presumed direction of increased specialization)

is shown in Figure 1. As can be seen, although there are
centers of diversity in Peru and Chile, the principal

concentration of Linum species is along the eastern side
of the continent, from southeastern Brazil near Rio de
Janeiro southward through Uruguay to northeastern Ar-
gentina. Two or three species are of special interest. The
Brazilian plants, L. organense Gardn. and especially L.
smithii Mildner, are broad-leaved plants which are very
similar to the North American L. schiedeanum Schlecht.

& Cham. (Mexico-Texas) and L. ndsonii Rose (Mexico-
Nicaragua), as well as to several species of South Africa,

5 L. quadrifolium L. The narrow-leaved L. burkartii

minor

Mild
is also

very similar to African plants such as L. holstii Engelm.
and almost identical to the North American L. rupestrr
(A. Gray) Engelm. (Mexico-Texas). The North American
species mentioned, on the basis of the comparative study
of a series of characters, are believed to possess the great-
est number of primitive features of any of the North
American species (Rogers, 1969). Their similarity to the
South African plants was also noted.

The general distribution and morphology of the whole
genus and of the section Linastrum suggest that the trans-
atlantic migration which accounts for these disjunct,
closely related plants most likely was from the Old to the
New World. Whether, in this event, the establishment of
Linum in South America was independent of that in North
America or whether the genus became established in one
area in the New World and then snrpaH in +ha> r>+hw ™™m

i
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be quite conjectural. On the basis of the amount of diversi-

fication which has taken place on the two continents, if

this may be used as a possible measure of the time avail-

able for evolution, it is quite clear that the amount of

change that has taken place on the North American con-

tinent far exceeds that in South America. As many as

thirty-five to forty species have evolved in North America,

including some, such as L. rigidum Pursh, which are

among the most highly specialized in the whole genus.

Moreover, there is evidence that the genus Hesperolinon

(and probably Sclerolinon) of the western United States

has also evolved from North American species of the sec-

tion Linastrum (Rogers, 1975). On the other hand, while

L. smithii, L. organense and L. burkartii are distinctive,

the South American flaxes in general are a very closely

allied group of species. The following discussion will

illustrate this.

The "Linum littorale St. Hil. complex" which ranges

from east-central Brazil to Uruguay, is a troublesome one,

the source of a number of named forms, varieties and spe-

cies. These are described in

trada Catarinensis (Rogers & Smith, 1975) wherein L.

palustre Gardn., a slender plant with much reduced termi-

nal inflorescences, L. brevifolium St. Hil. & Naud, with

racemose inflorescences, and L. littorale, with open in-

florescences, are recognized. Linum carneum St. Hil. and

L. erigeroides St. Hil., described in the same publication,

are two very closely related species, characterized by

thicker-textured sepals and more obtuse fruits than L.

littorale. They range from southern Brazil to eastern

Argentina. Some collections of L. littorale, in the southern

part of its range, seem to intergrade with one or another

|of them. Linum carneum and L. erigeroides in turn differ

ily slightly from L. scoparium Griseb., a bushy branched

species ranging from eastern Uruguay to central Argentina

nd northward to the Bolivian-Peruvian border near La
az. Although there is a small geographical separation,

. scovarium in that area closelv resembles collections of

some
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Peruvian plants usually called L. oligophylhim Willd. (the

identity of the type with this population needs further

verification). In northern Peru and Ecuador an admixture

of closely allied populations, differing only slightly from

L. oligophylhim, have been called L. filiforme Urb., while

in sandy coastal areas from the vicinity of Lima, Peru, tc

northern Chile (Paposo), small-flowered plants, also not

too different from L. oligophyllum, are interpreted as L
prostration Domb. ex Lam. (the type specimen may need

verification).

Of most interest in terms of the general picture of rela-

tionships among the flaxes of western South America is

the sequence of minor variations, including trends toward

larger floral parts and more nearly united styles, leading

from Limim oligophylhim, with separate styles and petals

about ten mm. long, to the generally much stouter L.

macmet Benth. of central Chile, with styles united nearly

to the summit and petals up to 20 mm. long. Several of

the intermediates have been named, of which L. polyga-

loides Planch., of southwestern Peru, and L. ramossissi-

mum Gay, of the Fray Jorge region of central Chile, may
be the most substantial. Well-defined species in Chile are

the procumbent, mat-forming, highly localized L. cremno-

philum Johnst., near Taltal, and the separate-styled L.

chamissonis Schiede in the Concepcion area.

In summary it may be said that the flaxes which grow
along the eastern part of the South American continent,

from southeastern Brazil southward to northeastern Ar-

gentina, display the greatest array of variation and include

some species which very closely resemble plants of North

America and southern Africa. There is an almost continu-

ous series of populations extending from northeastern Ar-

gentina generally northward through western Bolivia and
adjacent Peru, across the Andes in Peru and thence south-

ward along the Pacific Coast to central Chile. The species

of Brazil, Uruguay and Argentina are thought to include

the least specialized of the genus on the continent in terms
of their possession of characteristics found in species inj
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other parts of the world. The plants of Chile, particularly

inum cremno

most highly specialized of the genus in South America

summar 1.
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Figure 1. Distribution of Linum in South America, showing the

direction of presumed increase in specialization.
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THE SPREAD OF SEVERAL INTRODUCED
OR RECENTLY INVADING AQUATICS

IN WESTERN MASSACHUSETTS

C. John Burk, Scott D. Lauermann,
and Alexander L. Mesrobian

mar
In the course of a larger study of the vegetation of

;hes of the Connecticut River watershed in western

Massachusetts, changes in the distributional status of

several introduced or invading aquatic vascular plant spe-

cies have been observed. Each of these species was first

collected in the area within the present century and has

recently increased in sites affected by eutrophication or

other habitat disruption; none is yet so widespread that

it is regularly encountered in freshwater systems.

The spread of water clover, Marsileci quadrifolia L. from

mi

ton downstream two miles in disturbed sites along the

Mill River during the period 1945-65 has been documented

previously (Burk, 1966). Prior to 1969, M. quadrifolia

failed to establish itself in the Arcadia Wildlife Sanctuary

5h at the mouth of the river, although at least onemar
small colony persisted there for portions of a single season.

During summer, 1969, at a time when the Arcadia marsh

was severely disturbed by upstream industrial pollution,

an oil spill, a dredging operation, and seepage from a

municipal dump, M. quadrifolia became established over

several hundred square feet of exposed substratum near the

outlet of the Mill River into the oxbow of the Connecticut.

This colony expanded and by early fall of 1970, M. quadri-

folia was generally distributed and abundant in the marsh

(Robinton and Burk, 1971) where it has competed suc-

cessfully with native vegetation to the present despite a

general improvement of water quality within the stream.

As of September, 1974, M. quadrifolia had not spread into

the oxbow of the Connecticut. Colonies of M. quadrifolia

have maintained themselves along the river between Ar-

767
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cadia marsh and Paradise Pond but have not extended

farther upstream than their farthest station, about 1550

feet from the assumed point of release, in 1965.

Wolffia columbiana Karst. was first collected in Massa-

chusetts in 1933 by Manning (1934) in a small marsh at

Mt. Tom Station, Holyoke. Eaton (1939) reported W.
columbiana as abundant in the Great Meadows at Concord

in 1938 in water largely derived from municipal filter beds.

A third Massachusetts station was reported in 1951 by

Harris and Bean at Methuen, Essex Co., while Eaton in

1952, 1957, and 1958 described its increased abundance

correlated with increased pollution by alkaline sewage.

Livingstone (1967) cites W. columbiana as rare in an area

encompassing Franklin, Hampshire, and Hampden coun-

ties in western Massachusetts except at Leverett Pond,

Hampshire Co., where a specimen (MASS 26585) docu-

ments its presence as early as 1953. Recently W. columbi-

ana has become very abundant at a number of Hampshire
County sites including Lake Warner in North Hadley,

Aldrich Lake and Forge Pond, Granby, and South Pond
in Hatfield. We have observed the Lake Warner site

regularly since 1971 ; W. columbiana has persisted on the

surface throughout the entire year, reaching densities, in

mixed colonies with Lemna minor and Spirodela polyrhiza,

sufficient to cover much of the zone of open water. Lake
Warner, Aldrich Lake, and Forge Pond all receive sewage
effluents and have been shown to be highly eutrophic com-
pared with other western Massachusetts lakes (Snow and

DiGiano, 1978) ; the increase in W. columbiana within this

portion of its range thus seems almost certainly correlated

with increased enrichment.

The water chestnut, Trapa natans L., became well estab-

lished in eastern Massachusetts during the latter portion

of the 19th century, reaching nuisance proportions by 1899

(Cook, 1899) and undergoing a striking increase along the

Sudbury River in the 1940's (Eaton, 1947). This later in-

crease was apparently associated with increased levels of

soluble nitrates in the stream. The Mount Holyoke College
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herbarium contains a fruiting specimen of T. natans (A.

M. Starr, September, 1920) from Upper Lake on the

Mount Holyoke Campus in South Hadley and Livingstone

(1967) describes T. natans as rarely established in ponds

within the region. At present, T. natans is abundant on

Upper and Lower Ponds where herbicides have been used

on occasion to control it. Both Upper and Lower Ponds

are impoundments of Stony Brook; a search downstream

in August, 1974, yielded a well established colony of T.

natans covering several hundred square feet of water sur-

face behind a dam at an abandoned paper mill near the

intersection of Stony Brook with Route 116.

R. B. Livingstone (personal communication) has de-

scribed a bizarre situation in which Trapa natans from

the South Hadley population, and Marsilea quadrifolia and

Azolla caroliniana Willd. from the Botanical Gardens of

Smith College were deliberately introduced into a pond on

the campus of the University of Massachusetts in Amherst

in the early 1950's. All three species multiplied at such a

rate that the pond was drained in an attempt to eliminate

them. Trapa natans and Azolla caroliniana disappeared

after a few years; Marsilea quadrifolia remained at pest

densities through the middle 1960's but has since declined

concomitant with increased turbidity within the pond

caused by adjacent construction work. Azolla caroliniana

has been introduced into various ponds in the Northampton

area, both deliberately or through accident, yearly at least

since 1966. It frequently multiplies to the extent of cover-

ing the entire water surface within a period of a few

months but has not as yet survived the winter.

Cabomba caroliniana Gray was first reported from Mas-

sachusetts by Manning (1937) who found the species very

abundant in South Pond, an ancient oxbow of the Connecti-

cut River in Hatfield, Hampshire Co. Manning quoted a

local florist as having observed C. caroliniana in abundance

there for at least ten years; Manning's first collection of

C. caroliniana at the site was made in 1930. Gates (1958)

documents the extent of its occurrence in the state through
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the 1950's; the South Pond station was the only collectior

west of Worcester Co. Hodgdon (1959) noted its spreac

at pest densities in Rockingham Co., New Hampshire.
The South Pond population has maintained itself to the

present, Cabomba carolhiiana comprising a major propor-

tion of the submergent vegetation in the pond but no!

spreading downstream in Cowbridge Brook, which drains

the oxbow into the Connecticut. Flowering and fruiting

do not occur regularly on an annual basis in South Pond.
In September, 1972, numerous specimens of C. caroliniana

were observed there in flower or fruit, while during an
extensive 1974 study of the vegetation of the pond, no

flowering whatever was observed. In Lake Rohunta in

Worcester and Franklin Counties a population which has
persisted at least since 1963, as evidenced by specimens in

the herbarium of the University of Massachusetts (mass
47419, 47421), was observed flowering in October, 1974.

Cabomba carolhiiana is the dominant submerged aquatic

throughout much of Lake Rohunta; is now occurs also in

nearby South Athol Pond and has spread from Lake Ro-
hunta from drainage into a tributary of the Millers River.

We have also collected C. carolhiiana with Trapa natans at

its lowermost site on Stony Brook in South Hadley. Ca-
bomba caroliniana, the origin of which is presumably more
southerly areas, remains in actively growing condition
later than other submerged aquatics, including Ccratophijl-
lum demersum L. and various species of Potamogcton.
Indeed, we observed and later collected bright green shoots
of C. carolhiiana in water under a layer of ice in Lake
Rohunta in late January, 1975.

Miscanthus sacchariflorus (Maxim.) Hackel has been
reported from two New England stations, one of which is

M We
this grass, a native of China and Japan, well established
around the edges of a small pond bordering the eastern
side of Route 116 in South Hadley, Hampshire County.

Specimens of all species mentioned in this paper have
been deposited in the Smith College herbarium. Nomen-
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clature follows Fernald (1950) except in the instance of

Miscanthus sacchar iflorus, which he does not include.
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A NEW VERONICA (SCROPHULARIACEAE)
HYBRID FROM NEBRASKA

Ralph E. Brooks

um
covery of a naturally occurring putative hybrid in the

genus Veronica L. (Scrophulariaceae) from Nebraska.

Spontaneous interspecific hybrids in the Scrophulariaceae

are infrequent, and to my knowledge, no hybrids within

Veronica have been previously reported. The putative

parents of this hybrid are V. anagallis-aquatica L. and

V. catenata Pennell.

Three unusual specimens were found in the University

of Kansas herbarium and another specimen was located

in the University of Nebraska-Lincoln herbarium. All

collections were made in the Platte River valley of central

and western Nebraska. Following the treatment of Pennell

(1921), I determined that these plants were morphologi-

cally intermediate between V. anagallis-aquatica and V.

catenata.

In August, 1974, I collected one to three hybrid plants

three wet, sandy riverbank sites along the Platteom
North At each location I

also made collections of the presumed parental species,

V. anagallis-aquatica and V. catenata. Veronica ana

more

Some characteristics of the hybrid and its putative

parents are listed in Table 1. Determination of young

hybrids is difficult because most characters of the hybrids

are intermediate between those of the parental species.

Mature hybrids are readily distinguished from V. anagallis-

aquatica and V. catenata primarily by the shriveled calyxes

that result when an expanded seed-bearing capsule does

not form. The result is a long raceme composed of many

*I wish to acknowledge funds received from the Bridwell Founda-

tion, Wichita Falls, Texas, which made this research possible.
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short, contracted calyxes on long, slightly ascending pedi-

cels. Both parental species produce expanded capsules

when seed is set, giving the inflorescence a heavier, thicker

appearance than in the hybrid plants.

As an indication of pollen viability, pollen stainability

tests were made on the hybrid plants and their putative

parents. Fresh pollen samples were stained with aniline

blue in lactophenol; fully formed pollen grains with evenly

staining cytoplasm were considered viable. Pollen grains

from the hybrid plants were contracted, malformed, and

less than 5 r/c stainable. In contrast, the grains of V. ana-

gallis-aquatica and V. catenata were fully formed and al-

ways more than 85% stainable.

The fact that few interspecific hybrids were found, even

after extensive field work, indicates that well-developed

mechanisms preventing hybridization between V. anagallis-

aquatica and V. catenata exist. Laboratory investigations

are in progress to determine the breeding system and

cytogenetics of the proposed hybrid and its parents. In

view of my findings at this time I present the following:

Veronica ajiagalHs-aquatica X catenata.

Plants decumbent to erect, 3-7 dm tall ; leaves sessile,

2-4 times as long as broad, entire to crenate-serrate ; ra-

cemes 20-50-flowered
; pedicels slightly ascending, longer

than the perianth; calyx 1.0-1.8 mm broad near base; style

1.6-1.8 mm long; capsules shriveled or absent; pollen grains

aborted.

specimens examined: Nebraska: dawson CO.: southeast of Gothen-

burg in Platte River bed, Morrison 1056 (neb), garden CO.: 1 mi. s.

& 0.5 mi. e. Lewellen, low wet prairie, Bare & McGregor 1432

(kanu). keith CO.: 1 mi. s. Lemoyne, wet sandy shore of Lake
McConaughy, Brooks 8008 (kanu). merrick CO.: 0.5 mi. w. Merrick-

Polk Co. line on N-92, oxbow of Platte River, sandy, Magrath 6048

(kanu). Morrill CO.: Bridgeport State Recreation Area, sandy

margin of lake, Richardson & Robinson 1639 (kanu). polk CO.:

11 mi, n. Osceola, sandy wet brushy bank of Platte River, Brooks

7816 (kanu).
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Table 1. Characteristics of Veronica anagallis-aquatica X catenata

and its putative parents.

1. Habitat

2. Plant

Height

3. Leaves

4. Racemes

5. Pedicels

6. Calyx

7. Capsules

8. Seed-set

9. Style

10. Pollen

V. anagallis-

aquatica

low wet sandy

meadows and

stream banks,

common

2-8 dm

1.5-3 times as

long* as broad

30-60-flowered

4-8 mm long,

ascending

expanded

4.3 mm broad

present

Hybrid V. catenata

wet sandy

stream banks,

rare

low wet sandy

meadows and
stream banks,

scattered

3-7 dm

2-4 times as

long as broad

20-50-flowered

1-3 dm

3-5 times as

long as broad

15-30-flowered

3.5-5 mm long, 3-6 mm long,

slightly

ascending

shriveled and

contracted

absent or

divaricately

spreading

expanded

present,

expanded, 2.4- reduced and

shriveled,

0.5-1 mm broad

absent

present,

expanded,

2.3-3.5 mm broad

present

1.5-2 mm long 1.6-1.8 mm long 1.2-1.7 mm long

normal, >85% aborted, <5% normal, >90%
stainable stainable stainable

BOTANY RESEARCH LABORATORY

UNIVERSITY OF KANSAS

2045 AVE. A, CAMPUS WEST

LAWRENCE, KANSAS 66044



THE HOYSRADT HERBARIUM

Robert R. Smith

In the late 1860's a self-taught botanist, Lyman H.

Hoysradt, started a personal herbarium to which he would
soon be adding exchange specimens from many North
American plant collectors. The collection included flower-

ing plants, ferns and fern allies from the North American
continent with few specimens from Trinidad and other

parts of the world.

Hoys

Decemb
in the old Hoysradt homestead on Stissing Lake. This lake
is near Pine Plains, Dutchess County, New York state.

Upon the death of his father, which occurred sixteen years
later, the family moved to Pine Plains. Hoysradt's own
formal education ended with the eighth grade, but through
his interest in the sciences and his drive to become edu-
cated, he mastered the higher mathematics of his day and
the science disciplines. His first love, however, was botany.
He was most active in herbarium work between the ages
of twenty-two and thirty-five. During this time span he
was a teacher of mathematics and natural science at the
Seymour Smith Academy in Pine Plains. It was also dur-
ing this time span that Hoysradt did his most intensive
collecting and exchanging of plant specimens. As a result
of his efforts, he acquired a herbarium of over 20,000
specimens. He also wrote four articles which appear in the
Bulletin of the Torrey Botanical Club. Hoysradt (Fig. 1)
made his mark and contribution along with many others to
botanical studies in the 1800's.

Hoysradt's field activities and drive to continue the
mm efforts waned when

Customs House. He
there for four years, and then returned to teaching. His

776
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Lyman Henry Hoysradt (1848-1933) about age This photo-

aph was taken at the time Mr. Hoysradt was most active in his

tanical studies and in the development of his personal herbarium,

oto by Vail Bros., Poughkeepsie, N.Y., ca. 1883.
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new position was in the Old Grove Street School in Ne 1

York City, where he remained until his retirement.

Upon his retirement Hoysradt moved back to Pin

Plains, and revived his botanical interests in the directio

of horticulture. His specialty was working with peoniei

This hobby soon became somewhat of a small family bus

ness, which lasted until his death, Aug. 6, 1933.

During his active years of acquiring a herbariuir

Hoysradt collected thousands of specimens. His excellen

personal collection was from the Pine Plains area, Catski

Mountains, the New Jersey Pine Barrens, and variou

locations in New England. Many of the persons with whor

he exchanged specimens are listed in the Botanical Direc

tory for America— 1878.

After Hoysradt's death the family retained the her

barium for ten years. It was then given by Mrs. L. B
Hoysradt to Hartwick College, where it was stored fo

over fifteen years.

In the late 1950's, Dr. Rogers McVaugh, eminent plan

taxonomist, traced the Hoysradt collection to Hartwicl

College. Through McVaugh's recognition of the value o

the herbarium, Dr. F. W. Miller, chairman of the biolog;

department at Hartwick College at the time, applied fo

and obtained a National Science Foundation grant t<

organize the herbarium. This grant was utilized in th<

summer of 1958 by Dr. Mildred Faust, then of Syracuse

University, who completed an initial organization of th

collection. At the present time the Hoysradt Herbarium h

situated in Miller Science Hall of Hartwick College, an<

it is being further organized and made available for studies

and loans.

Not only does the herbarium contain a fine collection o:

plants of the Pine Plains, N.Y. area, but it also contain!

many unique exchange specimens : for example, Aspleniun
bradleyi D. C. Eaton collected by Bradley and Eaton at th<

type locality, and Cheilanthes parry i (D. C. Eaton) Domir
collected by C. Parry.
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LIST OF PUBLICATIONS BY L. H. HOYSRADT

Solm coyicolor Ging. Bull. Torrey Bot. Club 5: 37, 38.

(Sept.) 1874.

Flora of Pine Plains, Dutchess Co., N.Y. Bull. Torrey Bot.

Club 5: 46-48. (Nov.) 1874.

Valeriana sylvatica Rich. Bull. Torrey Bot. Club 6: 53.

(Sept.) 1875.

Catalogue of the Phaeogamous (sic) and Acrogenous

Plants Growing without Cultivation within Five Miles

of Pine Plains, Duchess (sic) Co., N.Y. Bull. Torrey

Bot. Club 6: supplement 32 pp. 1875-79.

LIST OF COLLECTORS WITH WHOM HOYSRADT EXCHANGED

SPECIMENS WITH GENERAL LOCATION OF EXCHANGE

SPECIMENS IN THE HERBARIUM

Adams, C. F. (Florida) ; Allen, J. A. (Maine) ;
Allen,

Dr. T. F. (New York) ;
Allmendinger, E. C. (Michigan) ;

Anderson, Dr. C. L. (California); Arnold, C. N. (New

York) ; Arthur, J. C. (Iowa) ; Austin, C. F. (Florida) ;

Austin, Mrs. R. M. (California).

Babcock, H. H. (Illinois) ; Bagg, Mrs. S. C. (Arizona,

California) ; Bailey, W. W. (Rhode Island) ;
Barnes, C. R.

(Indiana, Kentucky) ; Barnes, K. S. (New York)
;
Barns-

stead, Dr. (New Hampshire) ; Bebb, M. S. (Illinois) ;

Berger, J. G. (Illinois) ; Bishop, E. F. (Massachusetts) ;

Blake, Rev. J. (Maine, New Hampshire) ;
Bolander, H. N.

(California) ; Boott, W. (Maine, Massachusetts, Michigan,

New Hampshire, New York) ; Bradley, F. H. (Kentucky,

Tennessee) ; Brainerd, E. (Massachusetts, Vermont) ;

^randegee, T. S. (Colorado, New Mexico) ;
Brendel, Dr. F.

(Illinois) ;' Brooks, Dr. E. (California); Burgess, Rev. R.

(Iowa); Bury, R. (Oregon); Bushnick, E. (Florida);

ustwick, H. (New York) ; Bustwick, I. (New York) ;

utler, G. D. (Indian Territory, Oklahoma).
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Canby, W. M. (Delaware, New Jersey, North Carolina;
Chickering, J. W., Jr. (Maryland, New Hampshire, Ne
Jersey, New York, North Carolina, Virginia) ; Clark, Dr. ]

(Michigan)
; Cleveland, D. (California)

; Clinton, Judj
G. W. (New York)

; Commons, A. (Delaware, New Je
sey)

; Congdon, J. W. (Massachusetts, New Hampshir
Rhode Island, Vermont) ; Cooper, Mrs. S. P. (California;
Coulter, J. M. (Indiana) ; Curtiss, A. H. (Florida, Georgi
North Carolina, South Carolina, Tennessee, Virginia
Curtiss, Mrs. F. A. (Florida).

Davenport, G. (Massachusetts) ; Diffenbaugh, G. (Ne
Jersey); Dooley, J. (Massachusetts, New York).

Eaton, D. C. (Kentucky)
; Edwards, W. (California;

Faxon, C. E. (Massachusetts) ; Fendler, A. (Trinidad)
Ferguson, E. D. (California)

; Flint, W. F. (New Ham?
shire)

; Fowler, Rev. J. (New Brunswick)
; French, G. I

(Illinois); Frost, C. C. (Vermont).

Garber, Dr. A. P. (Florida, Pennsylvania)
; Gattingei

Dr. A. (Tennessee)
; Gerard, W. R. (New York) ; Graj

Dr. A. (North Carolina)
; Gregor, F. (Wisconsin) ; Grit

fith, J. P. C. (Pennsylvania)
; Guttenberg, G. (West Vir

ginia).

Hall, E. Mr
see)

; Harrison, W. H. (New Jersey, Pennsylvania)
; Har

vey, F. L. (Arkansas, Texas) ; Horsford, F. V. (Vermont)
Howell, J. (Oregon)

; Howell, T. J. (Oregon, Washington)
Hunt, E. (Massachusetts, New York) ; Hussey, J. (Ken
tucky)

; Hyams, M. E. (North Carolina)

.

James, J. F. (Ohio)
; Jesup, Rev. H. G. (Connecticut

isetts, New Hampshire, Vermont)
; Jones, L

Columbia)
; Jones, M. E. (Iowa, Utah) ; Joor, Dr

Mas

J. F. (Illinois).

man W. A. (Wisconsin)
; Knipe, Rev. S. W

(Pennsylvania).

Lemmon, J. G. (Arizona, California, Nevada).
Macoun, J. (Alberta, British Columbia, Manitob

Brunswick, Ontario, Quebec, Saskatchewan) : Mar
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I. C. (N Mead, Dr. S. B. (Illi-

nois) ; Mertz, H. N. (West Virginia) ; Miller, E. S. (New

York) ; Miller, F. A. (California) ; Morong, Rev. T. (Dis-

trict of Columbia, Massachusetts, New Hampshire, New
Jersey, New York, Virginia).

Paine, Rev. J. A., Jr. (New York) ; Palmer, Dr. E.

(Arizona, Mexico, Utah) ; Parker, C. F. (New Jersey) ;

Parish, S. B. (California) ; Parish, W. F. (California) ;

Parry, Dr. C. C. Mexico, M
Nebraska, Utah, Wyoming) ; Patterson, H. N. (Illinois) ;

Peck, C. H. (New York) ; Peters, Mrs. E. O. (California) ;

Peters, T. M. (Alabama) ; Pierron, P. E. (Pennsylvania) ;

Porter, T. C. (Virginia) ; Pringle, C. G. (New Hampshire,

!
New Jersey, New York, Quebec, Vermont)

.

Reverchon, J. (Texas) ; Reynolds, M. C. (Florida) ;
Rob-

W. (Massachusetts) ; Robinson, J. (Massachu-

setts) ; Rusby, H. H. (Arizona, ]

Rust, Mrs. M. 0. (New York).

Mexico)

Sanborn, F. G. (Kentucky) ; Scribner, F. L. (Maine) ;

See, G. H. (New York) ; See, M. H. (New York) ;
Shepard,

E. M. (Connecticut, New Jersey, New York, Virginia) ;

H. (Virginia) ; Smith M
land, North Carolina, Tennessee) ; Smith, Mr. (Pennsyl-

vania) ; Snow, F. H. (California, Kansas) ; Spence, Mrs.

E. J. (Ohio); Stratton, H. R. (Tennessee).

Treat, Mrs. M. (Florida) ; Tuckerman, E. (Massachu-

setts) ; Turner, L. M. (Alaska) ; Tweedy, F. (Texas).

Underwood, L. M. (New York).

Vasey, Dr. G. (Illinois).

Watt, D. A. P. (Quebec) ; Wheeler, C. F. (Illinois,

Michigan) ; Whitney, G. P. (California) ; Wibbe, Rev.

J. H. (Germany) ; Wilber, G. M. (New Jersey, New York,

Pennsylvania) ; Williamson, J. (Kentucky) ; Wilson, J.

(Kansas) ; Wolfe, J. (Illinois) ; Wright, C. (Cuba) ;

Wright, Dr. S. H. (Delaware, New Hampshire, New
York); Wright, W. G. (California).

Yates, Dr. L. G. (Vermont) ; Young, A. H. (Indiana) ;

Youne. H. W. (New York).
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SIXTY-SIX YEARS LATER,
MICRASTERIAS FOLIACEA BAILEY

AGAIN IN NEW ENGLAND

L. C. Colt, Jr.

Several years ago I co-authored (Colt & Hellquist, 1971)

a note which appeared in Rhodora reporting the finding of

a rare species, M
Countv. Massachus

>,rias Nordstedtiana, in Middlesex

The site of this find was Icehouse

Pond, a small pond approximately one-half mi east of

Route 495 on W Main Street in Hopkinton.

One does not ordinarily expect lightning to strike twice

in the same place, yet among the material in a recent col-

lection from the same station, in the same pond, and from

same
L., I have identified a number filaments

/ While it is unusual for this genus to occur

aments

characteristic, and it is quite spectacular in appearance

(Fig. 1).

t- 35h \

Figure 1. Micrasterias foliacea Bailey. From camera lucida illus-

tration by the author.
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My files show that Bailey reported the type from neai

Providence, R.L (Wolle, 1882), and that Wolle collectec

it twice in Berkshire County, Mass. Stone (1900a) has

reported it from Worcester County, and Cushman (1908b)

from Carroll County, New Hampshire. It thus appears thai

another find has occurred in this tiny pond in Middlesex

County, and as with the other species of Micrastcrias

nearly three-quarters of a century after the previous re-

port of its collection.
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EPILOBIUM PARVIFLORUM SCHREB.
(ONAGRACEAE) ESTABLISHED IN

NORTH AMERICA

Nancy J. Purcell

Epilobium parviflorum Schreb., a perennial herb native

to Europe and Western Asia, has been found growing wild

in several counties in Ontario, Canada. Plants were first

collected near Toronto in August, 1973, by the author.

Seven other localities have since been discovered among
misidentified specimens in several Ontario herbaria.

This species at a glance resembles a short Epilobium
hirsutum L., but the flowers and leaves are much smaller.

Epilobium parviflorum has the common name of "Small-

flowered Hairy Willow-herb," with petals averaging only

six mm. in length, while petals of E. hirsutum are over
ten mm. long. The leaves, ranging in length from two to

eight cm., vary from subsessile to sessile, but never clasp

the stem, as do those of E. hirsutum. Both the stem and
leaves have the characteristic spreading-villous pubescence
of E. hirsutum, although the density of hairs is quite vari-

able and tends to decrease from the base upward into a
glandular puberulent inflorescence. In autumn, the plant

produces short, leafy rosettes for overwintering.

Several specimens have been misidentified as E. strictum
Muhl., which also has villous pubescence on the leaves and
stems. However, E. parviflorum can be easily distinguished
from this species by its four-lobed rather than clavate

stigma, and by its oblong-lanceolate rather than linear

leaves.

The discovery of this species in Ontario is noteworthy
when one realizes that it has previously been reported for

North Amei manuals
for North America nor any of the North American revi-

sions of Epilobium (Trelease, 1891; Munz, 1965) have
included E. parviflorum as a member of the flora, Trelease
mentioned it as having been collected on ballast at Hoboken.
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New Jersey, by the Hon. Addison Brown prior to 1891.

Trelease apparently considered it to be adventive from the

Old World and of no importance in the flora.

Epilobiitm pai'vifloimm is a species of wet streambanks,

fens, and marshes. The eight localities in Ontario are quite

widespread, spanning a distance of approximately one hun-

dred miles. This makes it difficult to speculate on how the

plant arrived, and how long it has actually been here. Its

habitat and distribution suggest the possibility it might be

native, but this cannot be verified. Because of its distinc-

tive morphological features, it is also difficult to explain

why it has been previously overlooked. It is likely to be

more widespread than even the present collections indicate.

Hopefully, this discovery and report of its range will alert

collectors, and even further locations might soon come to

light. Nevertheless, E. parvifloram should definitely be

included as a valid element of the Ontario flora at the

present time.

spi<:cimens examined:

Ontario: grey CO.: Craigleith, clay field, Sept. 1973, A. Campbell

s.n. (trt 180755, trt 180756). Rocky Saugeen, in meadow by river,

23 Sept. 1969, G. & P. H. DuBoulay 4622 (trt 173238, can 340984).

SIMCOE CO.: Wye L., Midland, in mud bordering* the third beaver

pond in deciduous forest, 5 Aug. 1968, D. Haddow 296 (dao 114323).

Vespra Tp., Cone. XIII, Lot 14, 8 mi. W. of Barrie, wet cedar-tama-

rack swam]), 8 Aug-. 1973, L. Nyman 3478 (Herbarium of A. A. Kez-

nicek and R. S. W. Bobbette). Tiny Tp., Cone. XX, Lot 1, moist open

edge of stream, 30 July 1969, A. A. Reznicek 948 (Herbarium of

A. A. Reznicek and R. S. W. Bobbette). Flos Tp., Cone. IX, lot 25,

Ontario Zoological Park, Wasaga Beach, moist ground along beaver

pond in trough between wooded low dune ridges, 29 July 1973, R. S.

W. Bobbette 3701 (trt 180757). YORK CO.: Toronto Island, wildlife

area— yard sector, 10 Aug. 1973, V. Popov 238 (Herbarium of

Metropolitan Toronto Parks Department 976). Morningside Park,

Toronto, 43°46', 79° 10', wet streambank, 14 Aug. 1973, N. Purcell

and B. Wyatt s.n. (trt 180752, trt 180753).

I would like to acknowledge the loan of specimens from

the cited herbaria, and thank Dr. J. W. Grear for his help-

ful criticism of the manuscript.
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SCOTCH PINE AS AN ASSOCIATE OF THE TES-
SELATED RATTLESNAKE PLANTAIN: The Tes-

selated Rattlesnake Plantain (Goodyera tesselata Lodd.)

grows at only a few stations in Rhode Island, but recent

observations have convinced me that it has a partiality for

the duff of Scotch Pine (Pinus sylvestris L.).

In August 1972, acting on a tip from Lewis Carpenter of

Hope, R.I., I visited Carolina State Forest in Washington
County, where the year before, Carpenter had found count-

less hundreds of the orchid plants growing under Scotch

Pine. Unfortunately, by the time I visited, the main grove
had been clear-cut, leaving not one tree standing and not

one orchid. Nevertheless, marginal stands of Scotch Pine
did have the Goodyera in abundance. The landscape is

rolling at this site, and the Goodyera does not grow on the

droughty knolls even though they are clad with Scotch

Pine, but rather on the cooler slopes, and especially on the

flats under the introduced pine. There it abounds. The
plants grow strictly under that pine, not under Pinus
strobus, Pinus resinosa or Pinus rigida, which also occur

interspersed at the location. Goodyera tesselata grows only

under the immediate spread of Scotch Pine.

Goodyera pubeseens Willd., on the other hand, which
outnumbers G. tesselata ten thousand to one in this state,

grows not under the Scotch Pine, but under mixed white
pine and oak cover.

This clear-cut preference of the orchid set me to search-

ing other stands of Scotch Pine for an orchid I had hitherto

considered very scarce. At the two or three stations where
I have seen it in its natural habitat, that is, under White
Pine or in one case under Hemlock, it hardly numbers
fifteen or twenty plants. Rhode Island is nearly the south-
ern boundary of its range.

At two stations of Scotch Pine, one at Woody Hill

Management Area, Washington County, and a small one-
quarter acre stand in West Greenwich, Kent County, the
orchid is absent. I would account for its absence by the
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dry, upland conditions and the young stage of the pines

there. However, at Foster, Providence County, under an

acre of Scotch Pine known to have been set out before

World War I, the orchid occurs in great quantity, perhaps

two hundred on flat terrain where the water table is rather

high. Scotch Pine here mingles with White Spruce (Picea

glaiica Moench), but the Goodyera shuns the spruce. It

grows only under the spread of Scotch Pine.

The Scituate Reservoir Watershed in Providence County
provides a good test for this observation, as it has multi-

acre tracts of conifers, most of them plantations, with

Red Pine, White Pine and White Spruce most abundant.

On this watershed I investigated four Scotch Pine sites in

company with the watershed manager, Hans Bergey, a

professional forester. At the first stand, a mere handful

of Scotch Pines mixed with other pines on a steep slope

where competition was strong from bayberry and other

bushes, the orchid did not appear. By contrast, at Clay-

ville and at two North Scituate stands Goodyera flourishes,

blooming the third week in July. Here, it was noted, the

fallen Scotch Pine needles formed a mulch of about three

inches depth above mineral soil. The trees had been set

Dut in 1934-35, and the largest of them had diameters up
:o fifteen inches. At all three sites Goodyera tesselata

howed the familiar partiality to the Scotch Pine, entirely

shunning the other conifers.

If any conclusion can be drawn from these observations,

t is that an introduced tree has encouraged the spread of

native species of orchid. It might prove worthwhile for

tudents of botany to search other groves of Scotch Pine
or the occurrence of the Tesselated Rattlesnake Plantain.

erhaps the tree has extended this orchid beyond its nor-

al, northerly range.

llCHAKI) L. CHAMPLIN
RISCILLA ROAD
MESTOWN, R.I. 02835



ISOPYRUM BITERNATUM (RAF.) T. & G. (RANUN-
CULACEAE) NEW TO VIRGINIA AND ITS DISTRIBU-
TION EAST OF THE APPALACHIAN MOUNTAINS
While making collections along the Hyco River in Halifax

County, Virginia, for the University of North Carolina

Herbarium at Chapel Hill, we discovered a large popula-

tion of Isopyrum bitematum (Raf.) T. & G. The infre-

quency of this plant east of the Appalachian Mountains

led us to make a herbarium and literature search. Nc

reports or specimens from Virginia were found, indicating

that the Hyco River site is the first station for this species

in the state.

This population of Isopyrum grows in the flat bottoms

of the alluvial woods behind natural levees. Other inter-

esting or relatively uncommon plants associated with il

here at the Virginia site are Viola eriocarpa Schweinit2

var. eriocarpa, Cardamine douglasii (Torrey) Britton,

Anemonella thalictroides (L.) Spach, Carex jamesh

Schweinitz and Ranunculus micranthus Nuttall ex T. & G,

The levees are covered with Mertensia virginica (L.)

Persoon which forms nearly unbroken bands of color along

both sides of the river when Isopyrum is in flower.

Isopyrum was unknown east of the Appalachian Moun-

tains until 1950 when it was found along the Eno River

in Durham County, North Carolina, by Blomquist (Fox

et al., 1950). Since then additional stations have been

found in other counties in the Carolinas: North Carolina,

Lee Co. (Radford, 1952) ; Harnett Co. (Radford et al,

1968); South Carolina, McCormick Co. (Radford, 1959).

To this list can be added Person County, North Carolina,

where we collected Isopyrum along the Hyco River south

of the Virginia line on 29 March, 1974 (Boafford 12561

& Massey, ncu).

It seems unlikely that Isovyrum bitematum is a recent

Piedmont
time, its resem

blance to the more widespread Anemonella thalictroides

i

and the often unappealing appearance of the habitat in
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which it grows. It seems highly probable that searches
other major streams on the outer edge of the Pied-

mont species,

specimen
follows

: HALIFAX CO. : floodplain of Hyco River, junction of
US Highway 501 and Hyco River, south of South Boston;
flowers white, perennial, very abundant, growing with
Mertensia; 12 April, 1974, Massey 3867 & Boufford.
We wish to thank the curators of the following herbaria

for providing specimens and other assistance: G, Willi,
LYN, FARM, VCU, VPI.
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Editor's note: date of issue of January number.

The date of issue of the January, 1976, number oi

Rhodora, being Vol. 78, No. 813, including pages 1-168,

was April 30, 1976.

Editorial announcement: change of editorship.

With the completion of the current volume (78) oi

Rhodora in December my term of service as Editor-in-

Chief will, of necessity, come to an end. I would like tc

take this opportunity to thank the Associate Editors an<

the many friends and colleagues who, voluntarily and

anonymously, contributed their time and effort to the

reviewing of manuscripts. Their contributions have con-

stituted a major contribution to the journal, and arc

deeply appreciated.

As of January 1, 1977, Dr. Rolla M. Tryon, Graj

Herbarium, Harvard University, will be the new Editor-

in-Chief.

Contributors are advised to continue sending all manu-

scripts, and correspondence relating to manuscripts, tc

Ms. H. Spongberg, Managing Editor, Rhodora, Harvarc

University Herbaria Bldg., 22 Divinity Ave., Cambridge

Mass. 02138.
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