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MORPHOLOGICAL AND PALEOBOTANICAL
STUDIES OF THE NYSSACEAE, I

A SURVEY OF THE MODERN SPECIES AND THEIR FRUITS

Richard H. Eyde

The living species of the genus Nyssa L. are native in eastern North

America and in eastern Asia. This widely disjunct distribution is a familiar

pattern to students of plant geography, for many other woody genera have

a similar range. It is generally accepted that such genera are the remnants

of an ancient mesophytic forest that extended throughout most of the

northern hemisphere during Tertiary times (Li, 1952). In the case of

Nyssa, this wide former distribution cannot be doubted, for fossil Nyssa

remains are found in various Tertiary strata across Europe, Asia, and

North America. Since these remains include fruits, pollen, and wood, as

well as leaves, it may be said fairly that Nyssa has one of the best fossil

records of any modern genus of trees.

The fossil fruits of Nyssa are particularly interesting because they are fre-

quently found in an excellent state of preservation and because they exhibit

a diversity of form that makes it possible to compare them with fruits

of the most closely related living species of Nyssa
;
yet the fossils are often

sufficiently different from their modern counterparts that one can study

some of the evolutionary changes which have taken place within the

genus. One of the world's best sources of fossil Nyssa is the early Tertiary

brown coal of Brandon, Vermont. The largest, most distinctive fruits to

be found in this richly fossiliferous deposit are those of Nyssa; they are

present in such abundance that they were collected as "beechnuts" by

19th century miners. Moreover, the Brandon nyssas are so variable in

size and shape that one investigator assigned them to 10 genera and to

more than 50 fossil "species."

The investigations to be described here began with the most recent

excavation of the Brandon deposit by Barghoorn and associates during

1947 and 1948, at which time many hundreds of Nyssa fruits were col-

lected, cleaned, and separated into tentative morphological categories.

Preliminary comments on these fruits may be found in the descriptions of

the Brandon lignite and its flora by Barghoorn (1950) and by Barghoorn

and Spackman (1949). Microtome sections were prepared from many of
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these specimens, and fruits of modern Nyssa species were collected for

comparative purposes, as it was intended that Xyssa should form an im-

portant part of a general morphological and systematic study of the

Brandon fruits and seeds. This collection, together with photographs,

bibliographical materials, and observational notes, was subsequently turned

over to the author of this paper, who has continued the study of Xyssa

as a graduate research program under the guidance of Professor Barghoorn.

As the investigation progressed it became apparent that the evolutionary

significance of the Brandon nyssas could not be evaluated without first

studying the external and internal structure of related modern fruits, ft

became equally apparent that a treatment of fossil Xyssa should include

a critical survey of as many Xyssa remains as possible, and not just those

from Brandon. No such survey has been attempted since the appearance

of Kirchheimer's admirable monograph more than 20 years ago (1938),

although the Xyssa record has been greatly increased since then, especially

as a result of palynological research. Therefore the present work has been

broadened to include both morphological and paleobotanical research on

Nyssa and closely related genera, with special emphasis on the morphology

of the fruits. It should be added that Xyssa and Hied en mclud

some of the most primitive living members of the Umbellales. It is to be

hoped that the research reported here will not only aid in understanding

the relationships between the taxa studied, but will also shed some light

on Hie origin of tin's order of angiosperms.

The present papci wdl deal with the living species of Xyssa and their

fruits; the fossils will be treated in a later report.

FAMILY CHARACTERISTICS

The genus Xyssa and the related monotypes genera Camptotheca Decne.

and Davidia Bailb may be treated systematically as a single family Nyssa-

ceae or as two subfamilies, Nyssoideae and Davidioideae, within the Corna-

ceae scnsu lata. In any case, the affinity with Cornaceae and other

families of the Umbellales is well supported by morphological and anatomi-

cal evidence and has been recognized for many years.

The criteria that have been used for separation of Nyssaceae from the

Cornaceae are not altogether satisfactory. Hutchinson (1959. p. 94) cites

the presence of imbricate petals as a key character for recognizing Nyssa-

ceae; however petals of the cornaceous genera GriscUnia Forst. f. and

Melanophylla Baker also are said to be imbricate in the bud (Harms,

1898; Home. 1914), and in the case of the nyssaceous Camptotheca the

overlapping of petal edges is often so slight as to be scarcely perceptible.

YVangeriii distinguished Nyssau'ae from Cornaceae on the basis of "Diplo-

stemonie der Bliiten, doppeltes Integument des Ovulums und Ausbildung

des Pollens" (1910, p. 7). The last two of these distinctions may now be

discounted; the similarity of pollen grains in the two families has been

pointed out by Erdtman (1952, p. 290), and the absence of a second

integument has been noted by Home (1909, 1914) and by Titman (1949).
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Wangerin's use of diplosten on i li guishing feature of Nyssaceae

retains some validit , it i evident when ilowei of all species are examined

that there is a tendency for stamens to occur in two series in staminate

flowers; however thi i ulency i onu >.vh i ob < ui > in some species by

a marked variability in the numbers of ll< i .
,

i< - In any case, the

luimbi r o -i nil ii i "i i 'i in Hen ei of X} iceae th in in ( < nnceae

scnsu stricto, whether or not two series are detectable.

lh* li\,.-i >it s\ v a i' n'aiMH- in common with those of other

members of the Umbellalc < v , an inlcum ovary and a solitary seed in

each locuk". but the nyssacenus genera are unlike most olhers in 1 lie order

in that there are two kinds of flowers, staminate and hermaphrodite. 1

In Nyssa and Camptotheca the staminate and hermaphrodite flowers are

borne on separate inflorescences, and in Nyssa the two different kinds of

inflorescence are borne on separate plants. The David/a inflorescence is

unique in thai a single hei maphrodite llowei arises from a densely capitate

inflorescence in which all other flowers are staminate.

This report will include morphological observations and distributional

data not only for all specie, of Xyssaceae but. to some extent, for the

cornaceous genus Mastixia Blume as well Mastixia is i ustomarily treated

as the only genus of the subfamily Mastixioideae of the Cornaceae, and

inclusion of it in the present work is not meant 1o imply any disagreement

with that treatment; however, there is no doubt that the mastixioids, as

members of the Cornaceae, have some degree of relationship with Nyssa-

ceae. Moreover, there ar< two compelling reason Eoi giving some atten-

tion to Mastixia m <l n dn < nmnun ti nd in the Nyssaceae.

First, with regard to its secondary xyl an Mastixia is the most primitive

genus of Cornaceae and. along with Davidia, of the order Umbellales

(Adams, 1949; Li and Chao, 1954; Rodriguez, 1957, p. 274); therefore

it is not unreasonable to look to this genus for other primitive characters.

Secondly, Mastixia, like .\>s,/. has an excellent fossil record, against

which evolutionary concept eventually may be tested.

FIELD AXD HERBARIUM STUDIES

The author has made continual use of the Xyssaceae preserved in the

Gray Herbarium and the herbaria of the Arnold Arboretum and the New
England Botanical Club throughout the course of this investigation. Nyssa

collections were also examined in the h< rbaria of the following institutions:

the Xeu York Rotaui Card ie Koyal I

Indian Botanic Garden. Caleulla; and the I'.S. National Museum. In addi-

tion, an important collection of Nyssa javaniia specimens was sent on loan

^he term ''hermaphrodite" is used here to empha>i/.e that both pynoecium and

androecium are presi u h< evei thi ierlilm < i i!h androecium in these flowers has

nevei been entirall m ti ilefl ,it in- from tin material examined In the author,

pollen is usually produ d 1m hermaphroditi llowei of some Nyssaceae (e.p;., CampLo-

iH.ui ,i(u..mal,i i
')

i m oih pu. (
v-u<, >!«'"' " ''») pollen is produced

infrequently or not at all In hi i m ipluoHU l!n> i ot \ \L > m oi ill i '«m
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from the Rijksherbarium, Leiden. The distribution maps presented in this

paper are based on information obtained from these collections. It will be

understood that the localities could not be plotted so precisely for Asiatic

Nyssaceae as for the American species, since specimens collected in remote

parts of Asia are often accompanied only by the collector's number, or by
place-names known only locally. In the case of Chinese collections this diffi-

culty was overcome by enlisting the aid of Dr. Shiu-ying Hu, who was able

to establish approximate localities through her familiarity with the geography

of China and with the travels of botanists who have collected there. For

regions outside China, the Times Atlas and Atlas van Tropisch Nederland
were consulted. Although a few of the localities still remain unknown to

the author except in a general way, e.g., "North Burma" and "Tonkin,"

the ranges for Asiatic Nyssaceae as shown here are far more accurate than

any previously available in the literature.

Fruits of all the American species of Nyssa were collected from living

trees during a field trip conducted especially for that purpose in August,

1959. The trip included visits to the lower Apalachicola River in Florida,

to the Okefenokee Swamp in Georgia, to the Dismal Swamp in Virginia,

and to several other localities where Nyssa grows in abundance. Flowers

and developing fruits of N . sylvatica and flowers of Davidia involucrata

were collected in preservative at the Arnold Arboretum, and preserved

flowers of some of the other species were graciously supplied by Drs.

W. P. Adams, Clyde Connell, R. K. Godfrey, and Carroll E. Wood, Jr.

Research on Nyssa was interrupted during part of 1960-61 when the

author accepted a foreign study fellowship in India; however the trip

provided an unexpected opportunity to see N. javanica in one of its native

habitats, the eastern Himalaya. Accordingly, in May of 1961, when the

trees had come into flower, a visit was made to the Darjeeling Hills and
specimens obtained were preserved in fixative. Mr. G. C. Sen, Curator of

the Lloyd Botanic Garden, Darjeeling, gave assistance in planning this

collecting trip; acknowledgment is gratefully extended to him. Acknowl-

edgment is also due to the authorities of the various herbaria for the loan

of specimens and facilities, and to the Botany Department, University of

South Carolina, for several courtesies.

SURVEY OF THE SPECIES

It seems advisable to discuss specific similarities and differences among
the Nyssaceae before entering into a detailed descriptive treatment of

their fruits. Information regarding the present distribution and habitat

of each species is included as a possible aid in the interpretation of the

fossil record. It will be seen that four of the species of Nyssa— N. sylvatica,

N. aquatica, N. ogcchc, and V. javanica — differ markedly from each

other in many ways, including the appearance of their fruits; on the

other hand, N. sy/vatica, A7
, sinensis, and the putative species A7

, biflora

and N. ursina are very similar, and it is not possible to assign an unattached

fruit to any one of these species with certainty. Since the emphasis of
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this paper is on fruits, the latter group will be discussed under one heading,

"the Nyssa sylvatica complex."

The Nyssa sylvatica Complex

Nyssa sylvatica Marshall. This common tree of the eastern United

States is usually recognizable by its branching habit; most of the very

crooked branches leave the trunk almost at right angles, sometimes giving

the tree a pyramidal aspect when growing in the open. It frequently

attains a height of more than 20 meters; the largest known living tree

of this species is 85 feet 2 (Dixon, 1961), and even taller trees have been

reported in the past (Anon., 1942). On the other hand, this species and

other members of the genus can produce vigorous shoots from the roots

and lower stem, resulting in shrubby growth and the formation of thickets.

The leaves of N . sylvatica, like those of other species of Nyssa, are alter-

nate, simple, pinnately-veined, estipulate, and commonly crowded at the

ends of branches; they turn red in the fall, and for this reason N. sylvatica

is sometimes planted as an ornamental tree. Leaf margins are almost

always entire, but some leaves with a few coarse teeth may occur on any

individual, and are fairly common on seedlings and sprouts. Papillae

are often visible on the leaf surfaces, probably caused by the sclereids

that are present within the mesophyll (Metcalfe and Chalk, 1950, p. 750).

For further details regarding the vegetative parts of N. sylvatica and of

other American nyssas, the reader is referred to the works of Rickett

(1945) and Sargent (1893, 1922).

Flowers of Nyssa are first visible in the Arnold Arboretum during the

latter part of May, when the young leaves are not yet fully developed.

Certain trees bear staminate flowers in short racemes; others bear her-

maphrodite flowers in clusters of two, three, or four on slender peduncles.

The range of Nyssa sylvatica includes all of the eastern United States

from Kennebec County, Maine, south to Lake Okeechobee in Florida,

west to the Brazos River in Texas, and north to the Great Lakes, where

the species also occurs in the southern part of Canada (Map 1). It is a

familiar tree in the mixed mesophytic forest of the Appalachian Plateaus,

the oldest and most complex type of deciduous forest in North America.

In the Cumberland Mountains of eastern Kentucky, believed by Braun

(1950) to be the region where the American mixed mesophytic forest is

best developed, N. sylvatica is one of about 35 species comprising the

canopy. Nyssa is scattered here and there throughout the region, a few

individuals occurring in most stands regardless of exposure or altitude, yet

contributing little to the total vegetative cover (Braun, p. 52-53). The

species is typically one of "high presence-low cover" in other forested

areas as well (see, for instance, Braun's tables, p. 139, 167, 246, etc.;

also Mcintosh, 1959); however, local concentrations of these trees may

occasionally be found in unusually wet places (Baldwin, 1961).

2 English units of measurement will be used in this paper when necessary to pre-

serve the reports of other authors, data from herbarium sheets, etc., in their original
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' sylvdficti complex in U.S. and Canada,

epresented by black circles, for A7
. Inflora

om which "A. itrsiua" has been collected.

The juicy ripe I rubs of N vssa sylvatica are >

which are probab
i its oi dispersal During the

present investigations gnawed endocarps have been collected, suggesting

that rodents may also participate in dispei n pedes Pollination is

presumably effected for the most part by the hosts of bees and other insects

that visit the llimo oiu • .m! 'house reports the collection of air-borne

pollen about 500 feet from a tree (1935, p. 446).

In 1944 Miranda reported the first collections of Nyssa sylvatica in

Mexico. In subsequent papers. Sharp and lernandi '
!

1! is no

Miranda and Sharp (1950) described the localities in which Nyssa has
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been found. The sites are located in highlands of Hidalgo, Puebla, and

Chiapas (Map 2), areas of considerable phytogeographical interest because

they support a vegetation resembling that of the eastern United States

vet containing element.- with t i< i geographical affinities. Nyssa has been

collected here at altitudes up to 6200 feet, but it is most plentiful between

3300 and 5000 feet, where it is associated with Liquidambar in forests in

which mixed species of Quercus, Platanus lindeniana, Pinus strobus, or

Liquidambar may be dominant, depending upon the locality. In most

of the Mexican sites, X. sylvatica is a tree in the upper layer of the forest,

but in the vicinity of Huachinango, Puebla, it has been found only in the

form of sprouts and small trees. Sharp and Hernandez X. suggest that

this may be clue either to periodic burning or to the activities of wood-

In handling a large number of herbarium specimens of Nyssa sylvatica

one becomes impressed with the great range of variability in the size and

shape of the leaves. This amount of variation led Fernald (193S) to dis-

tinguish four varieties (var. biflora (Walt.) Sarg.. var. dilatata Fern., var.

caroliniana (Poir.) Fern., and var. typica which must now be called var.

sylvatica). The author has attempted to recognize these varieties in the

course of his herbarium studies and field work but has found it impractical

, , 1 1 -us and lack of clear geographical segre-

gation to distinguish more than two— var. sylvatica and var. biftora.

In 1893 Sargent reduced Xyssa biflora Walt, to varietal rank under X.

sylvatica, but in 1905 (Man. 709) he treated it as a distinct species. In
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many modern floras this practice is also followed, but Rehder, in his

Bibliography of Cultivated Trees and Shrubs (p. 485 ), maintains N. syl-

vatica var. biflora. In the interest of brevity, the name N. biflora will be

used throughout the present work, although the taxon is not considered

equivalent in rank to N. sylvatica and its real status must remain some-
what uncertain until the results of more observations are evaluated.

Nyssa biflora Walter. There are large numbers of trees of Nyssa
growing in upland swamps and wet bottomlands of the Coastal Plain of

the southeastern United States (Map 1) that are clearly allied with N.
sylvatica yet sufficiently different in some respects to be treated as a

separate taxon, N. biflora. These trees are commonly found in great

abundance in saturated soil and in standing water, where they often

develop enlarged bases. Their leaves are smaller and more leathery than
those of N. sylvatica,3 and are of a different shape.

The leaf of N. biflora is commonly narrower in outline and more
gradually tapered at the base, and sometimes more rounded at the apex
as well. The fruiting peduncle is usually not so long as in N. sylvatica. N.
biflora with fruits on long peduncles is not uncommon, and N. sylvatica

with fruits on relatively short peduncles may be found. A difference in

the number of hermaphrodite flowers borne on each peduncle is notable.

In N. sylvatica two, three, or four flowers occur— a single flower is quite

rare. In N. biflora although the number of flowers is usually two, as the

name implies, solitary flowers are not unusual, and clusters of three may
be found, but not clusters of four.

Trees of Nyssa biflora flourish in water of sufficient depth to dis-

courage the growth of most other woody plants. Taxodium and sometimes
Nyssa aquatica are associated with it within the swamp forest, but there

are no other dominant trees, and the density of each of these species is

extremely great. Pure stands of N. biflora may also occur, according to

Hall and Penfound (1939) who described a virgin swamp forest of south-

eastern Louisiana in which only this species was important. The individual

trees averaged 83 feet in height and were estimated to be 200 years old.

In the shallower water at the edges of such swamps species of Acer,

Planera, Fraxim^ Hnus Magnolia He* Cyrilla, Zenobia,
and other genera may be found in association with N. biflora, depending
upon local conditions (Wells, 1942; Penfound, 1952).

The different habitat occupied by Nyssa biflora, combined with the

somewhat different range of variability in leaf and fruiting characters,

mark it as something apart from N. sylvatica; however it is not always
possible to assign individual plants to either taxon. There are numerous
trees of Nyssa growing in more or less wet places of the Coastal Plain and
adjacent regions bearing leaves intermediate in size and shape between
the broad obovate form agreeing with N. sylvatica and the narrow oblanceo-
late form agreeing with N. biflora. Such trees may also bear fruits in clus-

•Thilpott (1956) has described the anatomical differences that accompany this

difference in leaf shape and texture. For dimensions of Nyssa leaves, see Rickett (1945).
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ters of two and three on stalks of varying length. This situation has led

some workers to treat N. biflora in a rank below that of species. Rickett

(1945) has preferred to treat both N. biflora and N. sylvatka as species,

suggesting that hybridization occurs between the two. A satisfactory solu-

tion to this problem would require an intensive investigation of genetic 4

and environmental 5 factors. It is quite possible that an investigation of

this kind would show that we are dealing with a stage in speciation, in

which part of a very variable population has become adapted to a separate

ecological niche, the swamp, but has not yet become entirely isolated from

the older gene pool by the formation of reproductive barriers.

The problem of specific limits and distinctions within the Nyssa sylvatka

complex is made even more intricate by the occurrence in western Florida

of shrubby forms that are extreme in the small size, narrow elliptic shape,

and leathery texture of their leaves. The fruits of these plants are fre-

quently smaller and much more globular and fleshy than those usually

encountered in N. biflora, and fruiting peduncles are the shortest in the

genus. Hermaphrodite flowers are mostly in pairs, and staminate flowers

are few on short peduncles. These shrubby nyssas were first discovered

in swamps of the Apalachicola River delta by Small (1927), who described

them as a new species, N. ursina. No additional localities for N. ursina

were reported until quite recently, when Monachino and Leonard (1959,

p. 184) found a specimen among some forty-year-old collections from the

Florida Keys. Mr. Monachino kindly sent this material to the author for

inspection. It is a fruiting specimen with fleshy fruits on short peduncles

and small leathery leaves like those encountered on the Apalachicola delta.

A number of collections were made in the Nyssa ursina region as a part

of the present investigation. The shrubby nyssas are very plentiful in

standing water near the towns of Port St. Joe and Apalachicola, and they

do, indeed, have a very different appearance from the tall trees of N. biflora

found in virgin swamp forests. The most striking plants of all were seen

growing in a bog with Sarracenia about two miles east of Overstreet, in

Gulf County. These plants were very much branched, as if they had been

pruned, and, although only about three feet tall, were in full fruit. In this

locality the nyssas were clearly growing as separate plants; in many other

localities the Nyssa growth was taller, 10 or 12 feet, and occurred in dense

* Nyssa has never been a subject for genetic research, nor have the chromosomes

been counted for any species save N. sylvatica. Dermen (1932) obtained a count of

2k = 44 from root tips of this species at the Arnold Arboretum. As a matter of

curiosity the author attempted to count the chromosomes in developing anthers of

N. biflora supplied by R. K. Godfrey (RKG 58248). From the meiotic figures ob-

tained, the chromosome number cannot be reported with any greater accuracy than

5 One might well w

Nyssa biflora from N.

rather than by genetic factors. The author was able to locate a fruiting N. biflor

growing under cultivation on dry ground in the arboretum of Brookgreen Gardens i

South Carolina. Although this tree reportedly had been grown from seed in the gardei

it showed all of the N. biflora characteristics. One must infer that these characters ai
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thickets not easily separable as individuals. From the town of Apalachicola

northward through Franklin County to Sumatra. Florida, nyssas with

leaves intermediate between the extreme A. ursina form and the usual

X. biflora form are in evidence; north of this transition zone there are

full-sized plants of X. hiflora and none referable to X. ursina.

Not all botanists who have observed the plants in the field are in agree-

ment with Small's concept of Xyssa ursina as a distinct species. Professor

R. K. Godfrey, of Florida State University, and Dr. W. P. Adams, now of

DePauw University, have expressed the opinion in conversations with the

author that the dwarfed, branching habit and the peculiarities of leaf form
and peduncle length exhibited by Xyssa in the Apalachicola delta region

are the result of periodic tires. The [named appearance of the plants found
growing near <)\ei-ti<rt ,!.»- u_._, < thai m.-hl- factor, perhaps fire, has
disrupted the normal apical growth of the branches. Moreover, the exist-

ence of intergradations between the extreme A", ursina characters and the

usual X. biflora characters makes somewhat doubtful the concept of two
separate species. It is relevant to add here thai the -lobular drupes sup-

posedly characteristic of X. ursina may occasionally be found elsewhere.

Mr. Frank C. MacKeever collected such specimens from a tree on the

island of Martha's Vim-yard in Massachusetts and brought them to the

attention of the author. The fruits on MacKeever 's MV 306 were quite

plump and fleshy when collected, and they contain short, ovoid stones like

those found in many fruits from the Apalachicola River delta; however, the

fruiting peduncles and leaves of the Martha's Vineyard tree are those of

lobnl i 11 nit-, occur on X. sylvatica in other locali-

ties; the character is not readily detectable on dried herbarium specimens,

which would account for the fact that such fruits have not previously been
reported. Certainly a careful study of variation in A7

, sylvatica and X.
>l>t,,.n (ml. il ' < mill i >n i m< d. d In hue it will be pos-

sible to clarify the status of A7
, ursina satisfactorily.

Nvssa sinensis Oliver. The Chinese Xyssa is so similar in general

vegetative and floral characteristics to A*, sylvatica that its close relationship

to the American species cannot be doubted. Notwithstanding, there are a

number of morphological differences that clearly separate the two as dis-

tinct species. The Chinese species includes individuals with much larger

leaves, often with more arcuate secondary nerves, than those usually pro-

duced by X. sylvatica. Young leaves, shoots, peduncles, and pedicels are

more pubescent in the Chinese species, a condition which may persist into

maturity. A dense pubescence is commonly noticeable on stalks of stami-

nate inflorescences; less frequently so on fruiting peduncles and on petioles

and midribs of leaves. Perhaps the most striking difference between A7
.

sinensis and its American counterpart is in the occurrence of pedicels on
the peduncles of hermaphrodite inflorescences; such structures are present

only occasionally on American members of the X. sylvatica complex, but
they are universal in the Chinese species. Where this character is most
pronounced the pedicels are paired on the peduncle, suggesting that the
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inflorescence has originated from a dichotomous branching system. The

young pedicel is subtended in most cases by a bract which is deciduous

early in the development of the fruit, leaving a scar. Hermaphrodite

flowers are mostly four to a cluster, and peduncles bearing five are found.*1

A further difference, of special interest in connection with the present

work, is the common occurrence of two styles and a bilocular ovary in

N. sinensis; the condition occurs only with great rarity in X. sylvatica.

Nyssa sinensis is widely distributed in hilly regions of the Yangtze

Valley and in provinces of southern China. Specimens in the herbarium

of the Arnold Arboretum and the Gray Herbarium have been collected

from southern Kiangsu, southern Anhwei, northern Kiangsi, and eastern

Szechuan; also from Kweichow, Hunan, Chekiang, Kwangsi, Kwangtung,

Yunnan (Map 3). According to Wang (1961, p. 123, 143), the species also

occurs in western Szechuan and in southern Fukien, and Merrill (1938,

p. 58) reported a specimen collected in the northern part of Tonkin

TV it The
ChiiShweli Valley of western Yunnan and in upper Bu

species, like the nyssas of North America, may occur as tall trees (up to

30 m.) in the forest canopy or as shrubby growth along (he banks of

streams (Wilson, 1914; Hu, 1927).

Throughout much of its range. Xyssa sinensis is a member of the crown

laver of the Chinese mixed mesophytic fon I forest formation desciibed

one five-flowered
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in detail in a recent monograph by Wang (1961). The formation resembles

the mixed mesophytic forest of eastern North America in that it contains

a large number of species of deciduous broad-leaved trees belonging to

distantly related families; further resemblances are the homogeneity of

the forest over broad geographic areas and the lack of dominance of any
one species or group of species; however there is a signal difference in the

floristic richness of the two regions. As Wang has pointed out (p. 236-237),

the American mixed mesophytic forest, interpreted as broadly as possible,

contains no more than 30 genera of dominant trees; whereas its Asiatic

counterpart contains more than 60, including all but three of the 30

American genera. This richest of all deciduous forests extends for 2000
kilometers along the lower and upper Yangtze Valley and its watersheds.

In the lower Yangtze Valley, a region of intense cultivation, remnants of

the natural forest are found only in certain protected areas. (This explains

the clustering of collection localities at some places on Map 3.) There the

mixed mesophytic formation covers the mountain slopes from altitudes of

500 to 1500 meters. The upper Yangtze region is one of higher elevations,

in which the zone of deciduous forest is usually restricted to levels above

1500 meters, where it lies below a higher coniferous forest; at lower levels

in this region, the constituents of the deciduous forest are mixed with

evergreen broad-leaved trees (Wang, p. 120). It was within the upper

Yangtze mixed mesophytic forest that living Metasequoia was discovered,

and N. sinensis was one of the many deciduous broad-leaved trees found

in association with this "living fossil" (Chu and Cooper, 1950). The Tsin-

ling mountain range marks the northern limit of the mixed mesophytic

forest and the beginning of a forest in which deciduous oaks predominate.

To the south there is no boundary of any kind; deciduous trees become
more and more intermixed with evergreen broad-leaved trees at increasing

distances from the Yangtze Valley, until the evergreen trees predominate.

It may be added that the Asiatic mixed mesophytic forest is also found

in parts of Korea and Japan; however, N. sinensis has never been reported

from either of these countries.

Collections of Nyssa sinensis have been obtained from several localities

in the predominantly evergreen forest that lies to the south of the Chinese

mixed mesophytic forest. This is a subtropical forest, dominated by
evergreen species of Castanopsis, Quercus, and Pasania, along with Schima
and lauraceous trees. The average temperature is not below five degrees

Centigrade for any month, and no month is without rain. Total annual

rainfall is 1300-1900 mm., somewhat higher than in the mixed mesophytic

forest. Elevations are higher and conditions slightly more temperate in

the areas where Nyssa and other deciduous trees are found as minor con-

stituents (Wang, p. 142-146).

It is of considerable interest to compare the climatic conditions to which

the Chinese nyssas and their New World counterparts are subjected.

There are, as one would expect, numerous resemblances between the climate

of the mixed mesophytic forest region of Asia and the climate of the

equivalent North American forest region, but nowhere is the Chinese
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species exposed to the rigorous winters endured by Nyssa sylvatica in the

northeastern United States. Furthermore, the growing season is much
shorter in the heart of the American mixed mesophytic forest than in

similar forest areas of China. The growing season in the Cumberland

Mountains of Kentucky is about 180 days (U.S. Dep. Agr. Yearbook,

1941); whereas there are 230-280 frost-free 'days in the Chinese mixed

mesophytic forest (Wang, p. 96). This fact accounts, at least in part, for

the greater richness of the Chinese forest. Climatic conditions at the

southern part of the range of N . sinensis may be compared with those pre-

vailing in parts of Florida and in the highlands of eastern Mexico, the

two southernmost regions in the range of N. sylvatica.

Perhaps at some future date it will be possible to test the success of

the Chinese Nyssa in our American climate, but at present there seem to

be no trees of this species in the United States. It has, however, been

introduced into England at least twice. There are references in the litera-

ture to a single plant grown in Veitch's nursery at Coombe Wood from seed

sent in 1902 by E. H. Wilson (Bean, 1950). Evidently this plant is no

longer in existence; however there is a small N. sinensis now growing be-

hind the arboretum office at the Royal Botanic Gardens, Kew, introduced

as seed sent from Nanking in 1935. This plant, set outdoors in 1960,

seemed to have endured its first winter fairly well at the time the author

inspected the plant in early June, 1961. It bore a few staminate flowers,

but was only about eight feet high and the expanded leaves were not as

big as those usually seen on herbarium specimens of N. sinensis. The
leaves of this species, like those of N. sylvatica, turn red in the fall.

There are three other species of Nyssa— N. javanica, N. aquatica, and

N. ogeche— in which close interspecific affinity is not evident.

Nyssa javanica (Blume) Wangerin. This is the only species of Nyssa

in which both hermaphrodite flowers and staminate flowers are borne in

capitate clusters. Staminate flowers are numerous, and each is on a

pubescent pedicel subtended at its base by three small bracts.7 Hermaph-

rodite flowers are sessile and fewer in each head, but similarly associated

with basal bracts. Branched inflorescences, with heads on each of two or

three branches, occur occasionally in N. javanica but in no other species of

Nyssa. The leaves are more leathery than those of N. sinensis, and they

often develop a prominent "drip-tip." A distinguishing feature of N.

javanica to be given special attention in this paper is the relatively smooth

surface of the woody endocarp in contrast to the ribbed or winged stones

found in the fruits of other members of the genus. Two styles are present,

7 Some authors refer to "a bract and two bracteoles"; however a thorough com-

parative morphological study of the nyssa(
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but one or both may be broken off from herbarium specimens. As a result,

the styles were formerly described as solitary. When the first intact speci-

mens were encountered, they were described as a new species. N. bifida

Craib. This species was later treated as a synonym of A. javanica in

Wasscher's (1935) revision of Xyssa in the Netherlands Indies. Other
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arborca Koord. Further details of description and synonymy may be

found in Wangerin's monograph (1010) and in Wasscher's revision (1935,

1948).

Prior to the publication of Wasscher's treatment, Parker (1929) at-

tempted to separate the Indian nyssas into three species. His distinction

between A', javanica and A. bifida is no longer tenable, but special interest

attaches to his A. uic^acarpa. This name was based on three specimens,

one bearing extremely large fruits (Parker 2 JDS. collected "on Nwalabo

at 1050 m.," Tavoy District, Burma). The species was said to differ from

"A7
, bifida'

1

not only in the size of fruits, bul in I he relatively glabrous

!>>.[ mi il' i. 'i i le lb the leal and the fewer number of lateral

nerves; a very slight difference in the length of staminate pedicels was also

mentioned. All of these supposed specific differences described by Parker

1

1 ' ii "i Hi. ni n tin \ javanica except for the size

of the fruits on his Tavoy specimen. With regard to the shape and mark-
• h i !<>

i mi i!n imim ib mm, nam e of the skin, these fruits

are like any A7
, javanica fruits, but they are at least twice as large as most,

and more than three times as large as some. Unquestionably they are the

most massive modern Xyssa fruits that are known, and are the basis of

references which have sometimes been made to "Xyssa megacarpa" in

papers dealing with large fossil fruits of Nyssaceac. It would be more

correct if reference were made instead to "Parker 230S" in order not to

obscure the fact that the unusually large fruits were all taken from one

Parker was not the first to observe that some fruits of the Nyssa
javanica type are larger than others. Koorders and Valeton (1900; p. 98.

101) reported that there were among the fruiting spe< imens of "A. scssili-

flora" collected by Koorders at Takoka, in Java, a few that bore fruits of

twice the usual size. Koorders and Valeton explained that the large-

fruited specimens and the more plentiful small-fruited specimens were in-

distinguishable with regard to their foliar characters; otherwise they might

have been treated as distinct species. Perhaps future botanical investiga-

tion based on larger collections will permit the confident recognition of

varieties or even closely related species within the complex now known as

8 There arc d in,!,, ates of Parker 23CIS in the Kew herbai ium and in the herha.ium

moved for stuch Kirchlu'imi-r, and

(1943, 1957). There were three additional fruits with the Arnold

l the paleobotanies] < ulU-<

n of Harvard University. The two iother specimens citec1 liv Park cm- in his descrip-

do n of Nyssa m :irpa (Lace 4-f,M, Kurz 1562) are stami nate flowering branches.



1963] EYDE, STUDIES OF NYSSACEAE, I 15

N. javanica; for the present, however, it seems preferable to deal with A7
.

javanica as one very variable species.

Within the monsoon region, Nyssa javanica is widely distributed (Map
4). Tall trees (reported up to 40 meters) of this species are found in wet

montane forests of Sikkim, northern Bengal, and Assam; westward into

Yunnan, Kwangsi and Hainan; and southward through mountainous parts

of Burma, Thailand, Malaya, Borneo, Sumatra, and Java; thus AT
.

javanica is the only species in the family to reach the equator. Herbarium

labels indicate that the species can occur at a wide range of altitudes.

Koorders and Valeton (1900) stated that it could be found all over

Java at elevations of 700-1300 meters, but they reported some localities

as low as 100 meters. Collections from the eastern Himalaya are often
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taken from levels of 1500-2000 meters. Throughout its range this species

grows under conditions of high humidity and very high seasonal rainfall

to which other species of Nyssa are not exposed. Bor (1938) described

a forested region just east of Bhutan in which N. javanica is present. He
listed Nyssa as a dominant member of a "Phoebe-Beilschmiedia-Engel-

hardtia formation," a type of evergreen subtropical forest with numerous

lauraceous trees, occupying elevations of 1200-2000 meters between a

lower tropical forest and a higher temperate forest. Bor estimated the

annual rainfall at this level to be 4000-5000 mm. (p. 134). Temperatures

are said to be equable and humidity high; "frost is not unknown." Cowan
(1929) described similar wet subtropical forests near Sikkim where N.

javanica is associated with Engelhardtia, Castanopsis, Schima, Be tula, and

many other trees.

Trees of this species were examined by the author in a forest near Dar-

jeeling, West Bengal. At an altitude of about 1500 meters, Nyssa javanica

was fairly common, but widely scattered, and the individual trees would

have been quite difficult to locate except for their lustrous, light green

foliage, occasionally tinged with red, that set them off from other, darker

canopy trees. Although the blades were fully expanded, it is likely that

these leaves were still relatively new; this species, unlike most of its forest

associates, undergoes a brief seasonal loss of foliage even in the southern

part of its range (Koorders and Valeton, 1900). The crowns were high

up on straight clean boles, making the collection of specimens rather diffi-

cult. Many of the upper branches left the trunks almost at right angles,

reminiscent of N. sylvatica; the trees also resembled N. sylvatica in the

appearance of the bark, which was light gray in color and divided into

patches by numerous cracks, and in the frequent growth of sprouts from

the bases of trunks. According to Gamble (1902), this species was once

"in considerable use" in the Darjeeling Hills as a building timber; how-

ever the native collector who accompanied the present author asserted

that it has no value now except as firewood and as "grass for cows" (i.e.,

branches are lopped off, and the foliage fed to domestic animals).

Nyssa aquatica Linnaeus. This is a very well-marked species, easily

distinguishable from other nyssas by means of floral and foliar characters.

The leaves are larger than those of the Nyssa sylvatica complex and there

are coarse, mucronate teeth irregularly distributed along many of the leaf

margins, a character not nearly so common in other American nyssas, and

rarely, if ever, seen in the Asiatic species. Staminate flowers are in heads

and hermaphrodite flowers are solitary. The hermaphrodite flowers develop

into fruits differing in certain respects from any others in the genus, a

matter to be taken up later in this paper.

In its distribution and habitat, Nyssa aquatica (Map 5) is very similar

to N. biflora. The two species frequently occur together in swampy regions

of the Coastal Plain as far north as the Dismal Swamp in Virginia. Nyssa

aquatica is the more common of the two, however, on the flooded alluvial

plains of the Mississippi River, its major tributaries, and other south-
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eastern rivers. N. biflora is more characteristic of acid coastal "pinelands"

(Braun, 1950; Penfound, 1952). Applequist (1959b) has studied sta-

tistically the relationship between soil and site factors and the growth of

both species. Forests composed almost entirely of N. aquatica are not

unknown (Penfound and Hall, 1939), but more often Taxodium is present

as a major associate. Although the trees thrive in standing water, it has

been shown that periodic droughts are necessary for the continuation of

this type of forest; seeds of Nyssa and Taxodium may survive long periods

of submergence (Applequist, 1959a), but germination does not occur, nor

are seedlings established, under water (Shunk, 1939; Demaree, 1932).

With a maximum height of 110 feet (Dixon, 1961), Nyssa aquatica is

the tallest of American species of the genus. In dense stands the trunks

are clear for two-thirds their height, and the crowns are quite narrow. In

standing water these trees may develop a peculiar arching root growth
as well as swollen bases.

Nyssa ogeche Marshall. Although Nyssa ogeche has several characters

in common with N. aquatica— relatively large leaves, capitate staminate

inflorescences, solitary hermaphrodite flowers, and the swamp habitat—
the two are easily separable in either the flowering or fruiting condition.

The flowers of N. ogeche are covered with a dense tomentum and the

fruits are borne on very short hairy peduncles. Leaves of this species are

perhaps the most variable in the genus. On a single herbarium sheet one
may find broad leaves oval to elliptic in outline, along with narrow
oblanceolate leaves, and others with somewhat cordate bases. The leaf

margins are usually entire, but the narrower leaves are sometimes toothed,

especially on sprouts, which are very plentiful in this species. Leaves
with tapering bases and rounded mucronate apices are perhaps most
common. The hairy covering on young leaves is longer persistent in N.
ogeche than in other species, and the underside of a mature leaf usually

bears numerous unbranched trichomes, particularly along the midveins.

Nyssa ogeche, limited in distribution to eastern Georgia, northern

Florida, and the southernmost part of South Carolina 9 (Map 5), has by
far the most restricted range of any firmly established species of Nyssa.
Within this limited geographical area, the species is locally abundant, ap-

pearing in swamps and along streams in the form of small trees less than 10

meters high, the smallest in the family, or shrubs with several stems. Nyssa
ogeche is commonly associated with Taxodium and with N. biflora, but not

so often with N. aquatica. The reason for this has not been established;

however Oertel (1934) presented some data indicating that N. aquatica is

often found in less acid soils than the other aquatic nyssas. Along the

banks of the lower Chipola and Apalachicola rivers, the growth of N. ogeche

is sufficiently dense to provide a major source of nectar to commercial

apiaries, even though the flowering season for this species lasts no more
than two weeks (Wood, 1958; Rahmlow, 1960a, 1960b). Because of the

9 In addition, the U.S. National Herbarium has one specimen collected at Mobile,
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value of this species to beekeepers, the Agricultural Extension Service of

the State of Florida has, in recent years, encouraged the planting of thou-

sands of seedlings at appropriate sites in western Florida^ (personal com-

munication from (. I), Haynie, Extension Apicullurisl. Gainesville).

Comment must be made here retarding the name Xyssa acuminata,

which Small (1903) applied to shrubby plant- -i -<u i.d Georgia, believ-

ing them to be a dilTerent species from A\ ogechc. Small listed the shrubby

habit, narrower leaves, and smaller fruits of these plants as distinguish-

ing characters. Later Eyles (1941) examined Small's collections of X.

acuminata and compared them with other collections from the same general

vicinity (between Warsaw and Townsend. Mcintosh County) and from

other parts of Georgia. As a result of these comparisons, Eyles concluded

that Small's AT
. acuminata did not differ enough to be considered a species

and that it might better be treated as a variety of A", o^cchc. Small's type

specimens were again examined as a part of the present study, and the

problem of AT
. acuminata was kept in mind during the field work. At

several places in western Florida shrubby growth agreeing in all characters

with X. acuminata was found intermixed with and intergrading with trees

of indisputable A7
, ogeche. Therefore, the author prefers to regard X.

acuminata as falling within the range of variation of X. ogechc. rather

than as a distinct entity.

Camptotheca and Davidia

Both of these genera were discovered by Father Armand David during

his second major journey of exploration in China (1868 to 1870). The

first collection of Camptotheca was made on Lu-Shan, in northern

Kiangsi, 10 and Davidia was later found in western Szechuan. Only one

species is maintained in each genus.

Camptothkca acuminata Decaisne. The leaves of this species have

entire margins and acuminate tips, and are very variable in size. Speci-

mens can be found to match either Xyssa sylvatica or X. aquatica in

dimensions and outline. The -lobular capitate inflorescences may be soli-

tary, or there may be two to several on branching stalks. The distal head

in the branching system is composed of hermaphrodite flowers and is the

first to mature, judging from the appearance of fruiting herbarium speci-

mens, the other, proximal branches of the system drop off as fruits ripen

at the distal end, leaving a single cluster of fruits attached to one crooked

stalk. The heads are very dense with sometimes more than 50 dowers

and a greater number of hairy brad- tightly crowded together. Tt is sur-

prising that almost all the flowers in many of these heads set fruit. The

flat elongated fruits, often described as subsamaroid, are in marked con-

"' In the original description of ( am pi oShtai. Decaisnc (Hull. Soc. Hot. Fr. 20:

157. 187S) cave Tibet a.- the Ivpe locality. This error was subsequently corrected by

Franchet (Plantae Davidianae 1: A 5 7 . 1884), a correeuon that passed unnoticed by

'
I n in h ll -J ii I h Wan i i

I'lll)
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trast to the oval fruits of other Nyssaceae. This character is used as a

major distinction in keys to the family. Markedly conical anthers and the

occurrence of three styles are other distinctive characters of Camptotheca.

Since Father David's first collection in Kiangsi, additional collections

have been made in that province and in Hupeh, Szechuan, Kweichow,

Hunan, Yunnan, Kwangsi, and Kwangtung (Map 6). According to Wang

(1961, p. 106), Camptotheca also occurs at Tientai-Shan in northern

Chekiang, a locality from which Nyssa sinensis has been reported. A com-

parison of the distribution maps shows a great similarity in the geographic

ranges of N. sinensis and Camptotheca acuminata. Wang (p. 237) has

listed Camptotheca together with Nyssa as a constituent genus of the

mixed mesophytic forest formation. However, notes on herbarium labels

show that Camptotheca is generally restricted to lower altitudes than N.

Map 6. China, showing distribution of Camptothe

sinensis. In the Gray Herbarium and the herbarium of the Arnold Arbore-

tum there are no specimens of the latter species for which an altitude below

500 meters has been noted; whereas collections of C. acuminata from levels

below 500 meters are common. One may conclude from the data available

that Camptotheca does not usually grow above 1000 meters except in

Yunnan, where it may reach 1800 meters. Within this altitudinal range,

it is found in wooded areas, sometimes attaining a height of 25 meters,

or along open streams, frequently growing in thickets. Because of its

rapid growth and regeneration, Camptotheca is widely planted in China

beside irrigation ditches, and its branches are used for firewood (conversa-

tion with Dr. S.-Y. Hu). The Chinese also cultivate it as an ornamental

(Steward, 1958).

Davidia involucrata Baillon. The foliage of Davidia involucrata bears

little resemblance to that of other Nyssaceae. The leaves are cordate with

serrate margins, long slender petioles, and prominently branching venation
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approaching the palmate condition. Pendulous flowering heads are pro-

duced on short lateral shoots along with a few leaves. These heads are

solitary on long peduncles, on which there are also two (sometimes three)

large, white, unequal bracts. The bracts, in contrast to the foliage leaves,

are sessile, membranaceous, and most often without marginal teeth. An
inflorescence is made up of numerous closely united staminate flowers,

devoid of sepals and petals and giving the appearance of a single flower

bearing hundreds of stamens. The stamens, purple in color and quite

long, make a very striking display in combination with the white bracts.

Solitary hermaphrodite flowers arise from otherwise staminate inflores-

cences. These flowers are of considerable importance to any comparative
study of nyssacpous fruits because they retain an apparently primitive

multilocular condition.

Although Davidia is also a genus of the mixed mesophytic forest forma-

tion, it is mostly confined to elevations of 1600-2S00 meters and is conse-

quently not found in the lower Yangtze region. In the upper Yangtze area

it is sometimes locally abundant; Wang (1961, p. 112) describes a forest

in eastern Szechuan in which Davidia, Euptelea, and Fagus are the most
plentiful elements. Davidia has also been collected in western Szechuan
and from localities in Hupeh, Kweichow, Sikang, and western Yunnan
(Map 7). In the latter province it reportedly reaches an altitude of 3000
meters. In its native habitat, Davidia grows to a height of 20 meters, with

about 10 meters of clean trunk below the crown. (Cultivated in the open,

it assumes an attractive pyramidal form.) When these trees are in bloom,

the fluttering of their white bracts in the forest canopy is said to be an
extremely attractive sight. E. H. Wilson, who on several occasions observed

the flowering of Davidia in the Chinese forests, and who played the major
role in its introduction to western gardens, wrote (1913): "To my mind
Davidia involucrata is at once the most interesting and beautiful of all

trees of the north-temperate flora."

The taxon Davidia involucrata var. vilmoriniana (Dode) Wangerin n
includes those individuals bearing glabrous mature leaves, as distinguished

from the hairy-leaved type originally collected by Father David. The
typical variety and var. vilmoriniana have been observed growing together

in the wild state (Bean, 1950), but the latter is said to be more hardy.

The Genus Mastixia

No attempt to deal with individual species of Mastixia Blume will be
made here: systematically the genus is still not very well known, and
some of the putative species have been collected only once or twice. Danser
(1934) listed nine species in his revision of the Cornaceae of the Nether-
lands Indies ; no doubt there are additional species growing in other parts

of the Mastixia range, but the total number probably would not exceed 15.

Members of this genus are evergreen trees 10-35 meters tall with typical

11 This name h;

but Wangerin's (1



JOURNAL OF THE ARNOLD ARBORETUM [v.

rain forest leaves leathery blades, entire margins, and prominent acumi-

nate tips. Both alternate and opposite arrangements are common, often

on the same plant. The flowers are all hermaphrodite, borne in many-

branched, often trichotomous, panicles with a bract at each node. The

anatomy of the Mastixia stem is of special interest with respect to the

phytogeny of the Umbellales: secretory canals are present in the pith,

suggesting a relationship with the Araliaceae. and the vessel members are

of a very primitive type.

The distribution of Mastixia has been discussed in detail by Kirchheimer.

His map (1943, p. 17) of the range of this genus includes northern New

Guinea, Indonesia, and the Philippine Islands; the southeast Asiatic main-

land from Malaya north to Vietnam and the eastern Himalaya; also Ceylon

and the southern part of the Indian peninsula. There are other localities

of which Kirchheimer was not aware in the Solomon Islands (Merrill and

Perry, 1940, p. 527); Yunnan (Merrill, 1937); and Hainan (Merrill and

Chun, 1940, p. 153). Many of the collei lions have Ikvii made in wet

tropical highlands at elevations up to 2000 meters (a comparison of col-

lectors' notes reveals that some of these were found in the same forests

with Nyssa javanica). Kirchheimer has pointed out, however, that some

species of Mastixia are more characteristic of lowland rain forests, and

that these species may be encountered near equatorial c

higher ground; in this respect. Mastixia is unique ami

on: hoi <i.,\ i ,i i ,;i i !:; i i

the Corna

Laboratory Methods

prepared for gross examinatioi

)da to remove the outer fleshy la

e used for the fin
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was necessary to soften the woody tissues by soaking for a week or longer
in hydrofluoric acid. The specimens were imbedded in celloidin (Mallinck-
rodt's "Parlodion") whenever it was desirable to include softer parts of

the fruit in the sections. Procedures for imbedding in celloidin may be
found in a paper by Wetmore (1932) and in standard manuals on micro-
technique. Some of the fruit <op n dh fhoo r ltd ...1 i, uoi full} up,.

did not soften much, even after prolonged soaking in HF, and sections

were cut with considerable difficulty: however such sections were adequate
t'oi the -fiuh )l i 1IliI.ii arrangc-mrnl ind vascular pattern (Man fhe\

were not always as pleasing a subject for photographic presentation as one
might have desired section wei cul i iriou thicknesses, depending
ipon the hardn of individual penmen hut most sections were cut at

20-30 fx. The celloidin method docs not yield a continuous ribbon of serial

sections; each slic niu t be h; ndled parai -ly a i sthcr laborious pro-

cedure; therefore complete series were maintai 1 only for re f

particular interest within the fruit, such as the placental region. From
other parts of the fruit only every third or fifth section was taken, depend-
ing upon the size and importance of the specimen. Staining with iron

alum and hematoxylin was carried out in individual Syracuse watch glasses

whenever necessarx Irequenth an ugh letail could be seen in sections of

mat ure fruits \\ ii limit staining.

Initial observations on mature fruits raised morphological questions that

could be answered only by examining younger material. Flowers of all

species and young fruits of Nyssa sylvatica were dehydrated with a butyl

alcohol series, imbedded in "Tissuemat," and sectioned on a rotary micro-
tome. A number of different staining procedures were used but Popham's
schedule for staining shoot apices (Popham et al., 1948) yielded very
pleasing results.

Flowers and young fruits were also studied after bleaching and clearing

whole specimens. Sodium chlorite proved to be an effective bleaching

agent (Barghoorn, I'H.S). and material treated with this compound could

be cleared quite easil; '
<

f
. usferring subsequently to water, chloral

hydrate, alcohol, and finally xylene or toluene for appropriate intervals

(Arnott, 1959). Vascular patterns in flowers were visible at low magnifi-

cations after this method had been applied; in developing fruits the extent

of lignification of the endocarp could also be seen through the transparent

outer fleshy layers. Flowers of some species had a dense coating of epider-

mal hairs that obstructed the view of internal features, and it was then

necessary to tease the surface with a camel's-hair brush before any obser-

vations could be made. It was found that flowers could be imbedded in

paraffin and sectioned in the usual manner even after clearing, and some
of the specimens were studied by both of these methods.
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unusual cases— e.g., the N. ursina fruit— it may become quite globular.

At the apical end is a wrinkled pulvinate disk one to two millimeters in

diameter, a scar in a depression at its center marking the former location

of the style. Surrounding the disk is the calyx rim with five indistinct teeth.

At the base of the fruit there are one to three inconspicuous hairy bracts,

the largest of whi.ii i about n nullum']. 'i long; these remain attached to

the peduncle when the fruit falls.

Removal of the outer fleshy layers of the drupe reveals a fibrous woody

stone with 9 to 12 vascular "bundles situated in longitudinal grooves, the

areas between the bundles standing out as rounded ridges. The dorsal

(abaxial) side is flattened, the ventral side convex when only one locule

is present; bilocular endocarps ; little flattened on the dorsal side of

each locule, with the lateral margins somewhat convex. There is one

anatropous seed ventrally attached near the apex of each locule with its

extrorse micropyle directed upward. The embryo is straight, and its

radicle is directed toward the micropyle. During germination the rapidly

elongating radicle ruptures the thin seed-coat and pushes open a triangular

germination valve at the apical end of the endocarp.

Bilocular endocarps are extremely rare in American members of the

complex. Kirchheimer found one, photographs of which appear in one of

his papers (1948, fig. 4b & c), in a collection of 200 fruits from plants of

Nyssa sylvatica escaped from cultivation in Germany. In a later publi-

cation (1957, p. 571), he stated that about two per cent of the endocarps

of this species are bilocular, without offering any further explanation. In

the opinion of the present author, bilocular endocarps of N. sylvatica are

far less common than Kirchheimer's estimate would indicate. During this

investigation, the bilocular condition was not found in mature fruits of

any American members of the complex, even though hundreds were ex-

amined. The condition would not be difficult to detect, because bilocular

endocarps are thicker and have two germination valves. Herbarium sheets

were examined closely in a search for flowers with two styles— in A7
.

sinensis this is an indication that two locules are present — but such

flowers were found only twice during the entire study. In one case the

flowers are obviously abnormal: the specimen (Fernald & Long 11599,

gh) was found flowering in the vicinity of the Dismal Swamp, Virginia,

on October 12th. 12 Its incompletely developed inflorescences bear several

malformed flowers as well as some apparently normal ones with two styles.

Clearing one of the better flowers from this specimen revealed a bilocular

ovary. In N. sinensis, on the other hand, two styles accompanying bilocular

ovaries are present in perhaps a third of the hermaphrodite flowers. These

ovaries develop into bilocular fruits with two seeds; the author has not

found a fruit of N. sinensis in which one of two ovules has failed to develop

12 The author has seen cases of late-summer flowering in the Okefenokee Swamp

(Nyssa biflora), and , <n. 1I1. nli" hu 1 u ..1 tin \palachicola River

delta, where such flowering is not at all uncommon. However, in every instance ob-

served by the author, only staminate plants were flowering; at the same time, fruits

were maturing on adjacent hermaphrodite plants.
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or in which one locule is notably larger than the other. Kirchheimer (1948,
p. 94) stated that trilocular fruits are produced occasionally by N. sinensis;
however trilocular fruits were not found either in this species or in any
modern Nyssa during the present investigation. It is possible that Kirch-
heimer erred on this point.

Examination of herbarium specimens gives the impression that fruits

of Nyssa sinensis and N. biflora (exclusive of N. ursina) are somewhat
larger than those of N. sylvatica. In order to test the significance of ap-
parent size differences, a large fruit was chosen from each of 44 dried N.
sylvatica specimens in the herbarium and its length measured with vernier
calipers. Similar measurements were obtained from 44 specimens of N.
biflora and from 41 specimens (all of the mature fruiting specimens in the
Harvard collections) of N. sinensis. Some of the difficulty involved in
separating specimens of N. sylvatica from those of N. biflora was avoided
by using only those specimens of N. sylvatica collected outside the N.
biflora range. Thus the measurements include a geographical bias as well
as a bias in favor of larger fruits. Only length measurements were taken,
because measurements of breadth or thickness of whole fruits are of little

value once the outer layers of the fruit wall have been pressed flat on
herbarium sheets; and experience shows that the longer fruits are usually
larger in other dimensions as well. The ranges in fruit-length for the
three species were: N. sinensis, 8.0-14.2 mm.; N. biflora, 8.1-12.3 mm.;
N. sylvatica, 7.5-12.8 mm. The respective means were 10.4 mm., 10.3 mm.,
and 9.6 mm. Application of the "Mest" showed that the mean measure-
ments for N. sinensis and N. biflora each differed significantly from the
N. sylvatica mean (N. sylvatica vs. N. biflora, P = .05 ; N. sylvatica vs.

TV. sinensis, P = .01). If one assumes that the selection of a single large
fruit from each herbarium sheet yields a sample to some extent representa-
tive of the species, it may then be inferred from the data that the fruits

of TV. sinensis and N. biflora are, on the average, larger than those of N.

Fruits of the putative species Nyssa ursina are the smallest in the com-
plex. These are mostly the same size (7.5-10 mm. long) as the smaller
fruits of N. sylvatica and N. biflora.

Size of Endocarps. Removal of the fleshy outer wall and apical disk
from a dried fruit reduces the length by about a millimeter. The longest
apparently normal endocarp encountered in the complex came from a
bilocular Nyssa sinensis fruit 14.2 mm. long; it measured 13.1 mm. after

boiling and drying, with a breadth of 6.3 mm. in the plane of symmetry
between the locules and a thickness of 5.3 mm. across the locules. Broader
(up to 7.4 mm.) and thicker (5.5 mm.) endocarps have been found in

both TV. sylvatica and N. biflora. The smallest endocarp seen during the
entire investigation came from N. sylvatica from Martha's Vineyard (F.

MacKeever MV306, nebc)
; it is 4.4 mm. long, 4.1 mm. wide, and 3.2 mm.

thick. Some abnormally long and thin specimens were obtained from N.
biflora collected in the Okefenokee Swamp {A. Traverse 498, gh)

; the
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dried fruits are 15 mm. in length with endocarps up to 14.3 mm. h

only 3 mm. thick.

Variation in stones of the Xyssa sylvalica complex is shown ..

Figs. 3 and 5.

Histological Observations veal i

thick-walled skin of six to ten cell layers separated from the woody

vider succulent zone of large, thin-walled cells. Scle
-

idusters, are present in the transition region tllCM'

The transition between tlesliy tissue and endocarp ' is

marked bv a few layers of small cells that are rectangular in outline and

not nearly so heavily lignified or thick-walled as the fibrous elements of

the endocarp. In selected sections, and in sections of younger material

(Pl. III. Fig. 15). it may be seen thai the fused vascular bundles supply-

ing both carpels and epigynous floral appendages are within this transition

region. It may be properiv called a -zone of adnation." joining the carpel-

la?y (woody) "tissue,, with 'the surrounding tit-shy tissues of the hypanthium.

The endocarp in the species of the Xyssa sylvatica complex (and in other

species of Xyssa) is made up almost exclusively of thick-walled fibers,

200-700 ,x in length and 15-2 5 ,u in diameter, with very small lumina. In

the immediate vicinity of vascular bundles these are elongated in the

same direction as the vascular elements; otherwise, the outermost fibers

are transversely oriented, forming a sinuous pattern in conformity with

the alternately ridged and grooved surface of the stone. The innermost

cell layer— the inner epidermis of the carpel — is composed of longi-

tudinally elongated libers which become separated in places during expan-

sion of 'the fruit. Locally some of the fibers adjacent to (and derived

from ?) the inner epidermis may also elongate longitudinally, but this

phenomenon is mostly confined to the one layer of cells. Almost every-

where, throughout the length of the endocarp, the cell layers immediately

external to the inner epidermis are made up of transverse fibers, circum-

ferentially elongated in conformity with the outline of the locule. Between

this circumlocular zone of transverse fillers and the less distinct zone of

transverse fibers near the periphery of the endocarp. the elements are

chaotically arranged. No order is discernible in the chaotic region, except

that the fibers are often parallel within aggregates „f 20 to more than 50

elements. Similar aggregates are found in the stones of all Xyssa species.

When Kirchheimer stated (1938, p. 2) that there are -nests of stone-cells

within the Xvssa endnrarp lie probably had observed some of these aggre-

gated fibers 'cut transversely; the present author has found no nests of
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brachysclereich, uimi lm ectioninj; oi bj macerating the stones. There
in howevei i x individual hand oj n\ tallib parenchyma cells

\j-]|)Jp in mm i iruttnd .lid ili.-f li.vniir In i » il\ lignified along

with the fillers when the fruit matures,

Orientation of elongating elements in a developing endocarp i)f Xyssa
sylvatica may be seen in Pl. IV, Fig. 20.

In transverse sections taken from the apical third of the fruit, the conti-

i uit\ oi th ubrou 1i ue j int< i nipt d [v two nai rey h id oi i IK i

cells, somewhat rounded to ellipth in mtli * markim t]-)< n n <>l th

germination valve. These cells are neither as thick-walled nor as heavily

lignified as the fibers, and they are very loosely united or even completely

free from each other. Sections from a number of fruits show that the

borders of the valve are completely free at maturity except for the cells of

the adnation zone; these are easily ruptured during germination. It is

possible to induce the germinal ion valve to open in the laboratory by
repeated boiling and drying. Subsequent microscopic examination of the

valve margins reveals that the cells have been nipt mod onb in l he outer-

most cell layers. The outer part of the margin has a ragged appearance
after opening; whereas the inner part is relatively smooth. At its base

bit \ ib» i eonti m u with fie u I ol hi ndoi rp I u m Ihi n < ion

transverse fibers are markedly predominant 'I ! I.
; -al breaking of the

valve during germination, consequently, occurs between fibers rather than

The seed coat is thin and membranaceous, consisting of only a few

crushed cell layer- dl thai urn on oi tin Ihicl integun il n be ecu

in sections of flowers. In all nyssaceous species the cells in the outermost
l.'i.v< h< hit um< i r devt op ven thicl he A]\ li nifi 1 m. n il y i

that adhere tightly to the inner cells of the endncarp. The seed contains

abundant endosperm tissue inclosing an embryo with well-developed

cotyledons.

Vascular I'm ii r\ It is usually possil idenii .
i

lary bundle of the endocarp with the unaided eye, for it occupies a promi-
nent position in the center of the flattened dorsal side. Flanking this

bundle, on either side, are two other bundles of similar size. The dorsal

and its two flanking bundles lie closer together than most of the other

bundles on the surface of tin endo< iq a id the? ,\rv sometimes the only

bundles to pass over the germination valve. This three-fold vascular

pattern occurs often in Nyssaceae, making, it possible to locate the dorsal

side of the endocarp when >lhei mark? ai nol pi m i > hen du
margins of the germination valve are hidden beneath the cell layers of the

adnation zone and when dorsal flattening i m I pronounced. Most of the

details of the vascular system are no longer apparent once the endocarp has
become woody. It is nen an therefore, t< examii • flowci ind It 'loping

fruits in order to understand the roles of the various bundles. Tn cleared

preparations of very young specimens a ring of five vascular strands at the

very base of the inferior ovary can be seen to branch at higher levels, to
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become the 8 to 10 bundles supplying, alternately, the petals and the

calyx lobes. (Hermaphrodite flowers of the Nyssa sylvatica complex are

pentamerous for the most part, but tetramerous specimens may be found.)

Just below the distal margin of the hypanthium, a bundle supplying a

sepal usually connects with a staminal bundle; however, the stamens fre-

quently are fewer in number than the calyx lobes. The style contains three

prominent strands. The median strand of these three stylar bundles is

the dorsal carpellary bundle. The two lateral strands will be called ventral

carpellary bundles in this paper, but it must be noted that the term

"ventral" as used here does not necessarily indicate a connection with the

ovular supply; it merely serves to designate the two major bundles that

accompany the dorsal bundle into the style. In the present usage, "dorsal

bundle" and "ventral bundle" will include both the basal part of the

strand, where it is usually fused with a perianth bundle, and the apical

part, where it is purely a carpellary bundle. Fusion of ventral bundles

with the perianth supply is rather constant in the N. sylvatica complex,

but the dorsal bundle occasionally is free of any connections along its

entire length.

The ovular supply is visible within the ovary of a cleared flower taken

at anthesis or later. A semidiagrammatic drawing of one such flower is

shown in Text-fig. 1. The stamens and petals have fallen away from the

Text- ig. 1. Semidiagrammatu drawing of v; unla

maphroc te flower of Nyssa sylvat ca. External broken

V panili urn and disk; solid lines

ines represent ovular supply. Further expl'

PL. Ill, Figs. 14-16.

apical disk, and the long recurved style has broken off near its base. The

ovary is viewed from its dorsal side, but it is turned a bit so that the

ovular supply can be seen more clearly. The outline of the ovule is not

visible and only seven of the perianth bundles are shown, the three bundles
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farthest from the viewer having been omitted for the sake of clarity. There

is a perianth bundle on each side of the dorsal, separating it from the

ventrals (in most specimens the dorsal is separated from at least one of the

ventrals by two bundles). These are the two flanking bundles that often

pass over the germination valve of the mature endocarp in close association

with the dorsal bundle. The ovular vascular supply in this specimen is not

connected with the stylar vascular supply. This is usually the case in

unilocular flowers of the Nyssa sylvatica complex; in more mature ovaries

the ventral bundles also will provide branches into the placenta, but

instances in which the ventral carpellary bundles provide the earliest and

strongest supply to the ovule are rare. Another notable point regarding

the ovular supply can be seen: the strands from one side are connected with

perianth bundles, but the bundle entering the ovule on the other side does

not connect with any other strands. This is not due to an omission in the

drawing; in most unilocular ovaries there is at least one strong ovular

trace that extends from the base of the ovary to the ovule without being

fused to the perianth supply. In the mature fruit, such a bundle will lie

in a groove at the surface of the endocarp for most of its length, entering

the endocarp wall at about the same level as the base of the germination

valve (Pl. I, Fig. 4) ; hence, there are often more grooves and strands on

the surface of the endocarp than there are perianth parts. When develop-

ing fruits are cleared just prior to thickening of the fibers, the ovular

supply is even more complex; most of the perianth bundles— except the

dorsal and its two flanking bundles— are connected with the placental

region by one or more strands. These traces meet at the placenta and

combine into one very strong strand which enters the integument and

runs along the ventral side of the ovule to its base; there the strand

separates into four or five anastomosing bundles that rise on the dorsal side

of the ovule for more than half its length. At this advanced stage the

vascular pattern of the ovary is further complicated by the appearance of

additional weak bundles near the apex of the ovary; they are attached

to the more ventrally situated perianth bundles and extend into the base

of the style. These strands, ending blindly, could be interpreted as vestiges

of the stylar supply of a second carpel.

Flowers with bilocular ovaries have two styles, each of which contains

a dorsal and two ventral bundles. Each of the ventral traces has a

common origin with the ventral from the other stylar branch; i.e., a pair of

ventrals are fused at either side of the ovary, the two members of a pair

belonging to different carpels. The fusion may be only at the base of

the ovary, or it may extend for some distance, and the pairs of ventrals

on opposite flanks of the ovary are usually not fused to the same degree.

In addition, the carpellary bundles usually are fused to perianth bundles

at the periphery of the developing endocarp. The two ovules are attached

at either side of a septum— a partition in which the ventral portions of

two carpels are united— that continues the length of the ovary. Two
separate sets of ovular traces pass through the septum connecting the

placentae with the ventral bundles and the one or two adjacent perianth
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bundles. The ovular traces are not connected with so many perianth

bundles as in the unilocular ovary, and those peripheral bundles that do

ronncri with ih > mI n ui jT i:oo)ll connect vith iore than one ovular

strand. It is notable that in bilocular fruits more of the ovular strands

are connected with, ventral earpellarv bundles Mian is the case in unilocular

fruits.

1 u ' mi! ii ii Ml - i i
i

'<
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complex vascular system of these inferior ovaries. When a large number of

cleared specimens are examined (about 50 were inspected in preparing this

description) the variability is most impressive.

Origin of the Germination Valve. This investigation did not include

an exhaustive study of histological changes at various stages of develop-

ment, but enough material was examined to obtain some understanding of

the origin of the valve. The presence of this peculiar structure is apparently

due to the interaction of two different patterns of growth in the endocarp

tissue: (1) the tendency of cells in the vicinity of developing vascular

bundles to elongate parallel to the bundles; (?.) the transverse elongation

of other cells, particularly near the innei epidermi ml ^i no

as the ovary increases in diameter. The initial position of the valve margin

is established by the first of these factors; the second factor accounts for its

final form. Cross sections through young flowers show that the upper part

of the endocarp ahead) contains the entire ovular supply, at least in the

form of prominent procambial strands. The strands run obliquely, some-

times almost transversely, from the ventrally and laterally situated

perianth bundles into the placenta, and a great many of the developing

fibers in this part of the endocarp elongate parallel to them. Since there

are no ovular bundles connecting with the dorsal bundle and at least two

of the bundles closest to it, the developing fibers on the dorsal side retain

a predominantly transverse orientation, between the ventral region, where

obliquely oriented cells predominate, and the dorsal region, where trans-

versely oriented cells predominate, is a narrow zone of cells that do not

elongate, nor do thc\ enlarge and become thick walled along with the other

cells of the endocarp. It is these cells that form the line of dehiscence at the

edge of the germination valve. As the fruit wall increases in diameter, more
growth takes place on the ventral side of the locule than on the dorsal

(hence the bundles on the ventral surface of the mature unilocular endocarp

are more widely spaced than the dorsally situated bundles), and the line of

dehiscence comes to occupy a more dorsal position.

When developing fruits are cleared just before thickening of the fibers,

which renders the endocarp opaque, the relationship between the ovular

supply and the position of the germination valve is apparent. In such prepa-

rations the line of dehiscence is just visible, arising from the same level as

the major ovular bundles and following a similar curved path to the apex
of the endocarp. Another indication of the relationship between the ovular

supply and the germination valve may be seen on the dorsal surface of the

mature unilocular endocarp: on each side of the valve, the basal terminus
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of the line of dehiscence is usually contiguous to or closely associated with

a bundle that is two bundles removed from the dorsal, i.e., a bundle that is

adjacent to a flanking bundle; cross sections and cleared preparations of

flowers show that this is commonly the most dorsally situated bundle with

which an ovular bundle connects.

The basal terminus of the dehiscence line in bilocular endocarps is some-

times more closely associated with one of the flanking bundles. It may be

that where there are fewer perianth bundles per ovule. Hie flanking bundles

sometimes conned vith o ulai trand biloculai fruii e imi i
n I

in sufficient number to verify this point.

Fruit of Nyssa javanica

It was not possible to examine fresh fruits of this species. Reportedly

they are purple in color (Wasscher. 1948) and pleasantly acid to the taste

(Koorders and Valeton, 1900). Corky spots are conspicuous on the dark-

brown epidermis of dri d pecim n hi pul inati di I
has a pronounced

stylar depression.

'Cleaned endocarps are similar in shape to those of Nyssa sylvatica, but

the apex is often more pointed, the outline of the germination valve is much

more conspicuous, and above all. the surface is much smoother (Pl. II.

Fig. 10). There are no vascular bundles attached to the dorsal surface, but

a distinct median ridge is present at the apex of the germination valve.

This ridge diminishes at the base of the valve, then reappears as a less

distinct median rii I ndii ;1 the ba f tin nd Lrp. To either side

of the median dorsal i idge and separated from it by a shallow longitudinal

depression, is an indistinct ridge. The three ridges occupy the same position

on the surface of the endocar] is the three most dorsally situated bundles

of N. sylvatica and other Nyssa species, therefore, they will be referred to

as the 'dorsal rid- n-i ... M -king ridges. Additional inconspicuous

ridges sometimes i i te ventral surfao of the N. javanica stone, and

occasionally a sharper ridge is present on one or both sides. A few weak

vascular bundles are usually visible on the ventral surface which arise at

the base of the sides and extend only part of the way to the apex. Rarely,

they are heavier and dh id< the \ entral surface at its base into a few broad

rounded ribs.

The ovaries of Nyssa javanica are unilocular, although they bear two

styles. The outline of the locule of a mature fruit (Pl. II, Fig. 11) coin-

cides with the doi i
ulpturing of the ton in the ] ion below the valve

there is a broad median dorsal groove flanked by two less conspicuous

ids tin \ ni( il en [near] « I

1 has a broad internal ridge, just opposite

the dorsal groove. This is the only nyssaceous species in which internal

sculpturing of the locule is evident.

The range in size o! A yssa javanica endocarps is very ureat. The smallest

of 25 stones taken from 22 herbarium sheets measured 8.9 mm. in length,

6.2 mm. in breadth, and 4 mm. in the plane of symmetry; the largest was

17.8 mm. long, 10.9 mm. broad, and 6 mm. thick, the median length was
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14.2 mm. These measurements do not include the remarkably large fruits

collected by Parker (no. 2308) in Burma: there are two of Parker's

fruits in the herbarium of the Arnold Arboretum (and one in the paleo-

botanical collection of Harvard University), in the largest of which
(Pl. II, Fig. 10) the endocarp is 29.8 mm. long, 15.2 mm. broad, and 8.2

mm. thick. 14

Histological Observations. The histological composition of the fruit

wall of Nyssa javanica differs in several respects from that of N. sylvatica.

One difference is the greater abundance of stone cells in the outer fleshy

layers of the X. javanica fruit, a character that can be seen very well in

cleared preparations. A more important difference is the more limited ex-

tent of the fibrous tissue in the X . javanica fruits, i.e., the woody layers do

not extend to the peripheral ring of fused vascular bundles that marks the

transition between gynoecium and hypanthium. Instead, several of the

outermost cell layers within this ring— layers of carpellary tissue— re-

main fleshy along with the noncarpellary tissues; therefore, the major
bundles are surrounded by parenchyma, and they separate quite easily from
the endocarp when it is cleaned. The outer zone of transversely elongated

fibers forming the grooves and ridges of the N . sylvatica fruit is lacking in

N. javanica; instead there are large quadrilateral thin-walled cells in the

outer carpellary layers. The innermost of these, just adjacent to the stone,

have somewhat thicker walls; in cross sections of herbarium specimens
they do not appear so crushed and torn as the outer cells. All of the large

quadrilateral cells come away from the fibrous layers when the fruit is

boiled, leaving the smooth-surfaced stone that is characteristic of this

The innermost layers of the endocarp (Pl. V, Fig. 23) are similar to the

corresponding layers in Xyssa sylvatica: a single epidermal layer of longi-

tudinally elongated fibers is visible in some regions, in others it is very much
disrupted during circumferential growth of the fruit, and in sections taken

below the germination valve a zone of tangentially elongated fibers lies just

external to the inner epidermal layer. The libers beyond this zone are not

chaotic to the degree found in X. sylvatica. On the ventral side, longitu-

dinal fibers predominate, and the dorsal wall is composed primarily of trans-

verse fibers, many of I hem markedly radial in orientation. Corresponding
fibers of the lateral walls are mostly oblique, as the transition is made from
the radial trend to the longitudinal trend.

Vascular I'attkkn. The (lowers of Xyssa javanica are densely covered

with hairs below the hypanthial margin, and it is necessary to remove this

outer covering before the vascular system can be seen in cleared specimens.

The arrangement of the bundles is very similar to that found in biloeular

" Kirchheimer's statement ( 1957, p. 571) that the stones of '.Xyssa megacarpa" arc-

up to 40 mm. lon.n and 20 mm. broad seems exa-Lfenited , an illustration (p. 677, fig.

13) to which KirchheinuT relets is a photograph of an endocarp — supposedly shown
about natural size roughly 50 mm. Ions. Parker himself ( 1 <J 2 9 ) described these

up is '5 nun [one, and 15 mm. broad.
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flowers of N. sinensis, except that there is only one ovule and consequently

only one set of ovular traces. Dorsal carpellary bundles for two carpels are

present, the dorsal bundle of the missing carpel occurring on the placental

side of the ovary. This "mn 01 lorsal i fused with a perianth bundle

almost to the top of the hypanthium; whereas, the major dorsal— the one

that will overlie the germination valve— is fused with a perianth bundle

for only part of its length. The major ventrals are commonly fused for

part or most of their length with the ventrals of the missing carpel, the

combined ventrals in turn being fused with a perianth bundle. As in the

N. sylvatica compl , adjai em centrals occasionally are not united, in this

case they may be fused with separate perianth bundles. They may also

remain free to the base of the ovary. The ovule receives several strong

strands from various bundles on the placental (missing carpel) side; these

combine and then break up into a multitude of strands as they pass around

the base of the ovuli ising h in the integument on the dorsal side.

The calyx lobes of Nyssa javanica are more developed than those of AT
.

sylvatica, and they contain a broad vascular supply of short branches in

contrast to a very vestigial supply in the latter species. The outermost

lateral strands of one calyx lobe closely approximate those of adjacent lobes

so that there is almost a complete circle of strands around the hypanthium

The most interesting feature of the vascular system is its relationship

with the dorsal ridges on the outer surface of the endocarp. Since the de-

velopment of endocarp fibers does not extend into the outer layers of

carpellary tissues, the position of the bundles at the carpel boundary does

not influence the form of the stone in the same way as in Nyssa sylvatica.

In fruits of the N. sylvatica complex the peripheral bundles and associated

longitudinal fibers are sunken in grooves on the surface of the stone and

the intervening areas stand out as ridges. On the other hand, a comparison

of the N. javanica vascular pattern and the sculpturing of the stone shows

that the external ridges in this species arise in the same radii as the dorsal

bundle and its two flanking bundles.

Quite commonly there are a few bundles imbedded in grooves on the

ventral or lateral surfaces of the Nyssa javanica stone, bundles which enter

the ventn 1 11 the placenta (Pl. II, Fig. 10) or run along the sides

to the stylar remnant. The variability in occurrence and location of such

strands indicates that they are ovular and ventral bundles that have re-

mained free of the perianth supply for all or most of their length; thus,

they have been able to pass through the outer carpellary tissues and into

the endocarp.

Fruit of Nyssa aquatica

The purple oblong to obovoid drupes of Nyssa aquatica are roughly 25-

30 mm. long, about half as wide, and crowned by the flattened disk, the

center of which is h ilkwi U 1 pressed. Frequently there is a marked con-

striction of the hypanthium just beneath the disk. Three to five long (5 to
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10 mm.) hairy bracts subtend the In pun I «
«

but these fall away during fruit maturation.

i i.ui'h i H
i

! h > i
' ne, mucronate at

the apex, and somewhat flattened (IT. I, Figs. 1, 8). Each bears about 8

to 10 longitudinal ridges, which are very sharp and ragged-looking on the

dorsal side, less so on the ventral. The major vascular bundles pass along

the crests of these ridges; they are not so intimately connected with the

endocarp as is the case in Xvssa sy/ra/it a . and many of them are removed

when the stone is cleaned. The region of the germination valve is depressed,

and the flaring ventral margins of the valve are very much extended past

the dorsal margins, indicating a much greater ventral than dorsal growth in

the apical portion of the endocarp. The flaring ventral margins and a

«

|
on ii < in < nib in to gi\a (lit \ dvi »1 * <qu 'I > <

i
dislini tiv< ip

pearance. When the fruit is boiled this distinctive appearance is en-

hanced because the dehiscence tissue frequently disintegrates leaving the

stone agape. The endocarp wall, exclusive of the valve, is usually about

1200 fi thick in the depressed areas between the ridges; the valves are

700-900 fi thick.

The flesh was removed from more than a hundred fruits collected in

Florida, South Carolina, and Georgia in order to estimate the variability in

size of the endocarps. The largest of these was 28.3 mm. long, 11.2 mm.
broad, and 6.5 mm. thick; the smallest, 14.8 mm. long, 9.4 mm. broad,

and 4.9 mm. thick; median length. 21 mm. The length of the largest fruit

is somewhat exaggerated, because it includes (he woody apical "beak"; few

stones are more than 2d mm. long when this projection is broken off.

Histological ()i;si;r\ ations. The endocarp of Xvssa aquatica has a

single inner epidermal layer of longitudinal fibers and an adjacent zone

il rigenl il fibers as in other Nyssa species (Pl.

V, Fig. 24). Elements external to the tangential zone are very disorderly,

except where they extend radially toward the peripheral vascular bundles,

thus forming the ridges on the surface of the stone. The sharp ridges on

the endocarp of X. aquatica. like the less conspicuous dorsal ridges in X.

javanica. arise in radial alignment with peripheral vascular bundles. Xvssa

aquatica also resembles the Asiatic species because the outermost layers of

carpellary tissue remain parenchymatous and do not take part in the

formation of the woody endocarp. The latter similarity is best observed

by comparing sections of young ovaries.

Transverse sections through the apical end of (he fruit show the dehis-

cence tissue to be more plentiful here than in other species; no doubt this

is related to the expansion of the ventral valve margins. Tt would be neces-

sary for the dehiscence tissue to increase, to separate, or to elongate in order

to accommodate the ventral expansion, and there is no indication that either

separation or inordinate elongation has taken place. Sections through

fruits that have been picked when full-grown but not completely ripe

demonstrate the manner in which, the dehiscence tissue matures: at this

stage the endocarp is lignified almost throughout, except that the dehis-
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cence tissue is still primarily parenchymatous; however, here and there

isolated parenchyma cells have differentiated into very small sclereids.

When the fruit is ripe, the dehiscence tissue will consist entirely of these

sclereids, loosely aggregated and offering little resistance to the opening of

the valve.

Vascular Patterns. In the mature fruit the positions of the dorsal and

its two flanking bundles are very well marked by three prominent ridges.

The flanking ridges usually connect with the basal termini of the line of

dehiscence where they disappear; the dorsal ridge continues up the center

of the valve. Cleared flowers show a vascular pattern similar to that of

Nyssa sylvatka and N. javanica: a dorsal and two ventrals are usually

fused to varying degrees with peripheral bundles that alternately supply

four to seven corolla lobes and a lesser number of stamens. Corolla lobes in

iV. aquatka are the largest in the genus, and accordingly, they contain a

more elaborately branched vascular supply. Occasional lobes have been

found with a double vascular system, supplied by two heavy strands from

the base of the ovary. There are 7 to 10 peripheral bundles arranged in a

circle. In addition, when the dorsal or one of the ventral carpellaries is not

fused with a peripheral bundle, it lies inside of this circle. The base of the

solitary style rer j
i i Idition to the usual three carpellary bundles,

an extra strand or two from peripheral bundles on the placental side. These

are, presumably, remnants of a lost carpel. Within the style the carpellary

bundles ramify, forming numerous parallel strands. The ovular supply is

similar to that of other Nyssa species in that most strands connect the

placenta with peripheral bundles, but at least one independent ovular trace

from the base is of com

Fruit of Nyssa ogeche

The drupes of Nyssa ogeche are 20-35 mm. long, and, when not yet ripe,

they somewhat resemble the fruits of N. aquatka. The disk, however, is

usually more prominent and tends to retain the conical shape. Moreover,

the fruit of TV. ogeche is generally plumper, and corky spots are not so

conspicuous. Ripe fruits are readily distinguished by their red color. The

dense tomentum that covers the hypanthium is lost during development of

the fruit except in the region immediately below the disk. Calyx lobes are

not apparent, even in young material. The hairy, pointed basal bracts—
usually three in number and much shorter than those of N. aquatka—
abscise before maturity.

Stones of this species are very distinctive in appearance. They have

about a dozen ridges, some of them very sharp, running longitudinally over

the surface, with their crests extended radially as wide papery wings (Pl.

II, Figs. 12, 13) ; 10-15 thick vascular strands lie in the grooves between

these ridges. When the wings are removed the endocarp is seen to be quite

narrow in comparison to that of other Nyssa species (Pl. I, Fig. 2).

Usually both ends are tapered and the apex is attenuated to a sharp point;
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occasionally the upper end is broader and the stone oblanceolate in outline.

A pronounced ventral convexity and dorsal concavity give the longer

stones a boat-shaped appearance when viewed from the side; shorter stones

are flattened on the dorsal side. The dorsal mid-line is marked by a

groove— sometimes very deer, and wide instead of a ridge as in TV.

aquatica. The valve is acute, rather than acuminate, at the apex. It lacks

the flaring ventral margins found in TV. aquatica, but the most conspicuous

ridges frequently occur near these margins, probably as a result of greater

growth on the ventral side than on the dorsal. In some specimens there is a

slight constriction at the base of the valve, and the stone then seems to

bulge a bit above and below the constriction. Most endocarps inclose one

locule, but one or two bilocular fruits can be found in every hundred. These
are somewhat square in cro>.s section, due to dorsal flattening on two faces.

The wall is 600-1000 /x thick between the ridges, except along the center

of the valve, where it may be 400
f
i or less in thickness.

Endocarps of Nyssa ogrche vary considerably in their dimensions. (See

Pl. I, Fig. 2.) The longest encountered during this investigation measures

29.3 mm.; the shortest, 14.7 mm.; median length 23 mm. Specimens can be

found as broad as 9.5 mm. and as narrow as 1.7 mm.; as thick as 7.5 mm.
(bilocular) and as thin as 3.2 mm.

Histological Observations. Except for its papery wings, the fruit of

Nyssa ogeehe resembles other Nyssa fruits, particularly those of the TV.

sylvatica complex, in histological composition. The endocarp has a distinct

inner layer of epidermal fibers surrounded by a zone of tangential fibers.

In the basal part of the fruit, tangential libers predominate throughout the

endocarp wall; higher up, the tangential zone is surrounded by a zone of

fibers in which no ordei is distinguishable except for the radiation of the

elements into the ridges. There seems to be some tendency for the outer-

most fibers to lie transversely and in conformity with the surface of the

stone, but this tendency can be observed only in places where the ridges

are not so sharp. The narrow transition region of slightly thickened cells

resembles the adnation zone of A7
, sylvatica, except that the cells are larger

(up to 200 ,x long and 20 /x wide). Since the peripheral bundles are in-

cluded within the transition, it follows that the succulent tissues are com-
pletely noncarpellary in A'. o»r< //,-. as in .V. sv/vatica. This transitional

zone of adnation is histologically continuous with the somewhat longer, but

otherwise similar, cells of the papery wings whirl! extend radially from the

ridges to the skin. The wings are three to eight cells in thickness. Mor-
phologically they are not really a part of the endocarp; sections of flowers

show that they arc derived from cells of the succulent zone.

Vascular Pattkrx. Since the corolla and the androecium are less re-

duced in Nyssa ogechr than in other Nyssa species, bundles supplying these

parts are more numerous, and the vascular system is consequently the

most complex in the genus. Five to ten short, rounded corolla lobes and
seven to ten stamens (some of them imperfectly developed) are supplied
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by the peripheral ring of bundles. Within this ring there is a considerable

cohesion and fusion of adjacent strands. It is notable that a few branches

from each staminal bundle leave the main strand and enter the conical

disk, demonstrating the androecial origin of that structure. Carpellary

bundles are ordinarily fused with peripheral bundles for at least half the

length of the hypanthium. The dorsal carpellary bundle is easily recogniz-

able by its prominence and by its central position in the base of the style,

but the style receives so many other strands (one from almost every

peripheral bundle) that the identification of two ventrals usually is not

possible. Even in bilocular flowers, the two styles each receive more than

three carpellaries, and the bundles ramify into several anastomosing strands

after entering. Styles of unilocular flowers are superficially simple, but the

rudiment of a second style can be found on close inspection. Ovular

bundles seem to be more plentiful in this species than elsewhere in the

genus, in keeping with the greater number of peripheral bundles with

which they connect. In some cases, branches from the ovular supply pass

the placenta and end blindly above it in the apical part of the endocarp,

perhaps indicating the position of a lost ovule.

A closer association of the three most dorsally situated peripheral bundles

is not usually noticeable in the flower and fruit of Nyssa ogcche; instead, all

of the bundles lie fairly close together around the periphery of the narrow

endocarp.

Fruit of Camptotheca

The outer tissues of the mature Camptotheca fruit are not succulent,

but are dry, withered, folded, and flattened; the flattening— undoubtedly

related to the development of so many fruits in a single head— usually

occurs parallel to the dorsal-ventral mid-plane, giving the fruit a some-

what samaroid appearance. The surface is brown and lustrous in herbarium

specimens— according to Wilson (1914), this is the natural condition —
and sparsely provided with corky dots. The length is from 18-25 mm.;

breadth across the widest part of the flattened outer tissues, about 7 mm.;

and thickness at right angles to the flattening, only 2 or 3 mm. The out-

line is oblong to oblanceolate. A pulvinate disk is present at the truncated

apex, around which can be seen the edge of the hypanthium with a few

indistinct calyx lobes. The stylar remnant is sunken in a deep pit at the

center of the disk.

The narrow, thin-walled endocarp of Camptotheca is 15-20 mm. long

and has a maximum diameter of about 2 mm. (Pl. I, Fig. 6). The apex

is tapered to a sharp point, and the base gradually attenuate to an even

sharper point. Dorsal flattening or concavity may be evident or may be

obscured by lateral compression of the fruit during development ;
frequently

the combined effects of dorsal and lateral flattening give the upper part

of the endocarp and its single locule a triangular shape in cross section.

One broadly rounded ridge is present on the ventral surface of the apical

third of the endocarp, and a thick, compound vascular strand can usually
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be found on each side of this ridge, extending from the base of the endocarp

to the placental is> .ml I i |» m> n m the wall. The dorsal side

sometimes bears a very slight median longitudinal indentation near the

apex; otherwise the endocarp is quite smooth.

Kirchheimer (1938. p. 4) erroneously reported that Camptotheca has

no germination valve. The valve is similar in form and position to that of

Xyssa. and it frequently opens when the fruit is boiled.

Histological Observations. The fruit wall consists of three major
zones: an outer skin of small thick-walled cells; an inner fibrous endocarp;
and an intermediate zone of large Ihinner-walled cells, corresponding to the

succulent zone of Xyssa, Here, however, the cells of the intermediate zone
are not so thin-walled as in Xyssa, and they are crushed and deformed at

maturity. Stone cells seem to be scattered throughout this tissue, and the

peripheral bundles— quite conspicuous in Camptotheca fruits because of

the multitude of fibers in each strand — are contained within it. The endo-
carp is made up of woody libers, hut these elements are much narrower
(mostly under 10 ,, in diameter. 400 700 ,,. in length) than Xyssa fibers.

At some distance below the valve the endocarp elements are all elongated

around the locule. At higher levels the outermost fibers on the ventral side

are longitudinal, especially in the ventral ridge, where all of the cells are

so oriented. An inner epidermis of longitudinal fibers seems to be absent.

The elements are much more variable in diameter in the ridge than else-

where; many measure 20 p or more. The Camptotheca endocarp is the

thinnest in the family: below the valve, it consists of about 10 fiber layers

and one or two layers of transition cells, the total thickness being no more
than 75 /x; through the valve, the wall is only five or six fibers (less than

50 /i) in thickness; when measured across the ventral ridge, however, the

thickness may exceed 500 /x. Along the line of dehiscence, the wall is so

thin and the cells so weakly lignilied that a completely transparent zone
surrounds the valve in cleared whole fruits. It appears that the cells of the

dehiscence tissue do not develop into sclereids; during germination the wall
simply tears in this very weak region. Cleared fruits also show the orienta-

tion of fibers when viewed under the dissecting microscope: elements
bordering the dehiscence tissue on the ventral side are oblique, and those

within the valve are tangential. Cleared preparations further reveal that

the mature endocarp is separated from the ring of peripheral bundles by a

zone of transparent (thin-walled) cells; thus, it is evident that the endo-
carp of Camptotheca includes only inner carpellary tissues.

Vascular Pattern. There are regularly 10 peripheral bundles in the

flower; these supply the rather constantly pentameroiis floral appendages
(5 minute calyx lobes, 5 hairy corolla lobes, and 10 stamens in two whorls).

Lateral branches in adjacent calyx lobes are usually united, forming an
almost uninterrupted vascular circle around the orifice of the hypanthium.
The gynoecial vascular system is quite clearly that of three united carpels:

a conspicuous major dorsal carpellary bundle is fused with a peripheral
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bundle for about half the length of the hypanthium, and two lesser dorsals

(belonging to lost carpels) depart from other peripherals at a higher level.

Each dorsal passes into the apex of the ovary and continues as the median

strand of one of the three styles. Two or three thick ventrals, apparently

consisting of several thinner strands, are more centrally situated (completely

within the carpellary tissues) and are not united with peripheral bundles.

These rise from the base of the ovary, provide ovular branches to the

placenta, and divide again as they enter the united stylar branches, there-

by providing each style with two ventral strands. Since the united proxi-

mal parts of the styles are ;ci i an invagination of the disk, the ventrals

turn downward slightly before entering.

The ovule of Camptotkeca, like that of Nyssa, can receive independent

traces from the base of the ovary as well as strands from the ventrals; how-

,..•( the ovular traces are not so plentiful here as in Nyssa.

Fruit of Davidia

Ripe fruits of Davidia are 28-40 mm. long, 20-30 mm. in diameter,

green in color, and crowned by a pointed woody remnant of the styles. The

surface may be marked with an abundance of conspicuous corky spots or

with a corky reticulate pattern. It has been suggested that the two types

of epidermal marl i , lllL |,i ],,, M < imnn i rull mn (Li, 1954) ;
how-

ever, the present author has seen both patterns on the same herbarium

specimen. Endocarps are of the same shape as the fruit (Pl. I, Fig. 9).

The longest encountered durinj b invest tioi i $9 mm. in length

and 17 mm. in diameter; the shortest. 25 mm. in length and 11 mm. in

diameter; broader stones of intermediate length, with diameters up to 26

mm., are' common. Locules number six to eight in the author's material,

seven being the most frequent number. Li (1954) and others have re-

ported that nine-locular fruits also occur. Some of the ovules in every

ovary fail to develop. The abortive locules become compressed and dis-

torted during growth, but the endocarp retains its external symmetry

(Pl. IV, Fig. 19). The position of each interlocular septum is marked on

the surface of the stone by a very thick and conspicuous longitudinal ridge,

and another ridge, not quite so thick, is present along the mid-line of the

long, narrow germination valve and continues to the base of the stone.

This median dorsal ridge is separated from the adjacent interlocular

ridges by deep gruo unth minoi 'too . i ilu Imal <
n

what oblique in their orientation, occur on all of the thick ridges, marking

the location of small branches departing from the major vascular bundles.

Narrow germination valves, extending about two-thirds the length of

the stone, are present for all locules, both fertile and abortive. These are

quite thick— up to four mm., if the median dorsal ridge is included in the

The septa are 700-1000 ^ in thickness.

, Observations. The exceedingly hard endocarp of Davidia

; composed of sclerified elements of very variable size and wall-thickness.
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In the immediate vicinity of fertile locules they are fibrous in appearance,

up to 350
f
i long, and up to 40 p. in diameter. In more peripheral regions

they are much shorter and some cells are isodinmel ric. Elements with

large lamina are in i i aid »thers having small lumina; most lumina

are much larger than those of Xyssa libers. An inner epidermis of longi-

tudinal fibers is very evident in abortive locules, where circumferential

growth has not taken place to such an extent as to disrupt this layer.

Around each fertile locule there is a zone of more or less fibrous elements
elongated circumlocularly. The septa arc made up of these circumlocular

elements, except where longitudinally or obliquely oriented sclereids ac-

company ovular traces to the placenta. Elements in the central axis of the

hum ltu\( a jinnMcd appearance, but they lie mostly with their long axes

in the transverse plane. The peripheral tells of the stone, including those

of the germination valve, seem to have no predominant orientation. The
valve is outlined by a dehiscence tissue six to eight cells thick, in which
MnalUa i lh

i
inn \ ill ! element.- atx i! 7(1 /. long and 15 /x wide are

radially oriented. The Davidia endocarp has no outer transition zone; the

woody tissue ends abruptly at the inner margin of the zone of parenchyma
and stone cells that lies just beneath the leathery skin of the fruit.

Removal of the thick valves in Davidia is apparently facilitated by
radial growth of septa during development of the endocarp. This septal

expansion is sufficient to cause a folding in of the valve region, and in

places the epidermis lining the valve comes to lie against that lining the

septum. The line along which this double epidermis is present is radially

continuous with the dehiscence tissue, and it is probable that little re-

sistance is encountered here when germination occurs.

Vascular Pattkkn. 'Hie vascular system of the hermaphrodite flower

of Davidia was investigated in detail by Home (1909), who followed the

course of the bundles by means of serial cross sections. Sections and
cleared specimens examined by the present author showed the same pattern

reported by Home: a peripheral ring of bundles — about three times as

many as the locules— an inner ring of carpellary bundles, and two sets of

about 8 to 10 ovular traces passing through each septum to adjacent

placentae (Pl. Ill, Fig. 17). The peripheral bundle-; supply only stamens
as the epigynous calyx and corolla apparently are absent in the Davidia
flower. The ring of carpellary bundles contains both dorsals and ventrals,

all about the same distance from the axis. Ventral bundles belonging to

adjacent carpels are in pair.-, cadi pair being radially aligned with a sep-

tum. It is because of the radial elongation of cells within the septa that

these bundles come to lie in the same circle with the dorsals. In the mature
fruit the paired ventrals run along the crests of the septal ridges of the

endocarp, and each dorsal bundle is situated on a median dorsal ridge.

Some fusion of the paired ventrals is quite common. Fusion between
carpellary bundles and peripheral bundles occurs to a much less extent in

Davidia, however, than anywhere else in the Nyssaceae; when such fusion

does occur, it is limited to th basal part oi thi flower, \ pair of flanking
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bundles accompanies each dorsal, but these are not to be considered

homologous with the flanking bundles that appear on the dorsal side of

many Nyssa endocarps. In Davidia the flanking bundles are entirely a

part of the carpellary supply; whereas, in Nyssa, they are peripheral

bundles supplying epigynous floral appendages. In the mature Davidia

endocarp, the flanking bundles lie within the deep grooves that separate

each median dorsal ridge from adjacent septal ridges. Davidia differs from

other Nyssaceae in thi i
' pec/1 (nit ;i imilai - iscul; i

arrangement prob-

ably prevailed in Langtonia bisulcata, an Eocene fruit of cornaceous affini-

ties in which a pair of deep grooves flank the median dorsal line of each

carpel (Reid and Chandler, 1933, p. 453-455). It is interesting that Home
made no mention of the flanking bundles, although he described the

positions of other carpellai ti inds in detail; possibly the Davidia flowers

examined by Home were younger than those examined by the present

author and some of the bundles had not yet become differentiated.

There are more traces supplying each ovule in Davidia than in any

other member of the family. It is difficult to follow the course of these

strands because they are so numerous and tend to anastomose to some

extent within the septa. However, it is evident that most of the ovular

traces depart from the ventral carpellary bundles in the lower part of

the ovary.

Fruit of Mastixia

Only a relatively few fruiting specimens of Mastixia were examined

during this investigation; therefore, the following description will draw

heavily upon the detailed observations of Kirchheimer (1936), who had

much te 1 t 1 1 posal. According to Kirchheimer, the ovoid

Mastixia fruit is from 20-37 mm. in length, the surface is sometimes spotted,

and the apical disk may be prominent or indistinct. Throughout the

genus the fruits are quite similar in appearance, and at present there is no

sure way of identifying a particular Mastixia species by its fruit alone.

Endocarps are smooth, finely creased, or knobby, and they are readily

recognizable by the presence of a median dorsal furrow running from base

to apex. All of the modern members of the genus seem to bear only uniloc-

ular fruits, with a solitary anatropous seed attached near the apex, as in

Nyssa. The endocarp wall may be less than 1 mm. or more than 2.5 mm.

thick, depending on the species. When the stone is cut open it can be seen

that the external furrow is due to a deep longitudinal folding of the endo-

carp wall on the dorsal side (Pl. Ill, Fig. 18). The fold extends inward,

well past the center of the fruit, causing the locule to be horseshoe-shaped in

cross section. The folding undoubtedly occurs during circumferential

growth of the endocarp tissue: the author has sectioned several Mastixia

flowers and found no furrow in this younger material.

Germination in Mastixia differs notably from that in Nyssa in that the

valve separates along two lines (usually visible as thickened places in the

endocarp wall) running the entire length of the stone. When the stone has
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prominent, median rid.ua> on the internal surface of the valve.

Histological Observations. The fruit wall consists of three major
tissue zones: a leathery outer skin, an inner sclerified endocarp, and an
intermediate zone in which parenchyma and stone cells are intermixed.

Stone cells are extremely abundant, and they seem to mature much earlier

than the woody cells of the endocarp. One fruit examined by the author,

/. & M. S. Clemens 30477 (a), from Borneo, and identified by Danser as

Mastixia trichotoma Blume (although E. I). Merrill considered it an unde-
scribed species), had the external appearance and the hardness of a mature
fruit, but inspection of transverse sections revealed that the endocarp was
still thin-walled and incompletely developed and that the hardness of the
fruit wall was due to the predominance of fully developed stone cells in the
outer tissues. Tt is interesting in this connection that Mastixia fruits

genu ill} show no external mark of the dorsal endocarpic fold: probably
it is the rigidity imparted by the stone cells that prevents outer tissues

from being folded inward along with the endocarp.

Numerous secretory canals are present in the material studied by the
author. These run longitudinally through the same tissue zone in which
stone cells are so abundant. Usually- -perhaps always— they are as-

sociated with vascular bundles, and sections of flowers show that they
accompany some of the bundles into the calyx lobes. According to Kirch-
heimer (1936), the canals arc fewer in number in some species and al-

together absent in others.

Kirchheimer reported that the Mastixia endocarp consists of three
recognizable tissue zones: one to five layers of thick-walled and more or
less isodiametric cells at the periphery of the stone, a central zone of radially
elongated sclereids. and a wider inner zone of filters surrounding the locale.

A sectioned endocarp of M. arborca Clarke (Burma. /. //. Lace 5641, a)
shows these zones very well (Pl. V, Fig. 22). The isodiametric cells are
mostly confined to a single outer layer, a layer that could possibly be in-

terpreted as the outer epidermis of the carpellary tissues. The radially
elongated elements (about 120 /,. long and 50 ,, in diameter) are arranged
in a few roughly concentric layers around the inner zone of fibers. The
latter elements are longer (up to 250 ,, ) and more slender than the radial

elements; most of them are elongated concentrically, but groups of longi-

tudinal elements occur in places. Both transverse and longitudinal ele-

ments are present in the outer part of the dorsal fold, but the innermost ex-

tension of the fold is made up exclusively of longitudinal elements. An inner
epidermal layer of longitudinal cells is apparently lacking in Mastixia: it is

possible, however, that such a laver is formed at an earlier stage of develop-
ment and is later disrupted by the very great circumferential growth of the
endocarp tissue. Most cells in the endocarp have thinner walls and larger

lumina than the fibers of a Xyssa stone. Another endocarp examined by
the author, believed to belong to .1/. phi/ippineusis Wangerin (collection

data lost) is made up of cells with even thinner walls, and the zone of
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radially elongated cells is not well defined. Kirchheimer also observed

that M. philippinensis lacks a distinct zone of radial elements.

Kirchheimer noted that dehiscence takes place along two lines that show

up in transverse sections as thickened places in the endocarp wall and that

the opening of the valve is associated with the disintegration of parenchyma

cells in these thicker places. He failed to note that the thick places always

occur precisely where two important vascular bundles rise from the base

of the endocarp to the placenta. The bundles are surrounded by a large

number of very thick-walled longitudinal fibers, and the presence of these

elements probably facilitates longitudina plittin h( valve along the

path of the inclosed vascular strand (Pl. V, Fig. 21).

It should be clear that the dehiscence mechanism of Mastixia differs sub-

stantially from that of all Nyssaceae. In the latter group the vascular

bundles— especially the ovular traces— determine the position of the

dehiscence tissue only indirectly, by their effect on the orientation of

neighboring endocarp fibers; there are no vascular strands actually within

the dehiscence tissue. In Mastixia, on the other hand, the endocarp splits

exactly where two ovular traces pass through the endocarp from base to

placenta. The line of dehiscence is independent of the ovular supply only

for a very short distance between the placenta and the apex of the stone.

An inspection of sections taken above the placenta suggests that orienta-

tion of the cells pl w p lb dehi n oi !h< ike in this limited

apical region, where there are no bundles in the endocarp save the dorsal

carpellary bundle.

Vascular Pattern. Several flowers from two species of Mastixia, M.
. ',/, , is (1 ii in Kmiio ' m; , ii) nui !

r in //
! oina vslt. maiiigayi

Clarke (Sumatra, Neth. Ind. For. Scrv. 98 T.3P261, a), were cleared, and

some were subset 1 but in neither case could the vascular

pattern be established very satisfactorily. The llowers are tiny and

coated with lignified hairs, and ihe inner tissues are filled with a persistent

u I ,u . I inn p'iln|i o'-uluu" from the presence of the secretory

canals. oi Hi bundl in i i o m I < m d i i hum i u

making it difficult to follow ihe path of any one of iiieni in the rather dis-

torted tissues of flowei mi 'ii io mi herbarium pecimens. Serial sections

ci th< urn n wed i
> hi inn < useful in this respect, but vascularization

of tin floral ipp< nda.u and ol . Ik h l< i ; nil imp< i h i il\ -i ;tood

It is quite evident, however, that the vascular pattern of Mastixia flowers

and fruits differs in two importanl r< peel from thai found in Nyssa,

Camptotheca, or Davidia: (1) the numerous bundles passing through the

zone of parenchyin . mil one cells io the I. loin id other epigynous

parts are not in a single circle, but are -.piralh, arar-wd. a pattern that

can best be seen in ection: laken neai the bas< or neai the apex; (2) there

are only three vascular strands, the dorsal carpellary bundle and two ovular

traces, within the endocarp tissue. Although it was not possible with the

material at hand to tra.ee most of the spiralk arranged outer bundles into

their respective appendages, it appears that each of the well developed
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calyx lobes receives more than one strand. Additional bundles presumably
enter the four or five petals and the equal number of stamens. There are

many more bundles, however, than there are floral parts, and it is likely

that some of these proceed into the disk, which (at least in M. trichotoma
var. maingayi) is not pulvinatc, but is in the form of a thick collar around
the style. Ventral carpellary bundles could not be identified in any of the

specimens examined. It is possible that they no longer exist in the reduced
gynoecium of Mastixia. The ovular I races arc unconnected with any of the

outer bundles from the base to the placenta: it may be that the two
strands actually represent a complete phylogenetie fusion of ventral carpel-

lary bundles with ovular traces; however, there is no continuation of these
strands into the style to prove this point. The dorsal bundle is the most
prominent bundle in the fruit; it is located within the outer part of the

median dorsal fold, where the accompanying parenchyma frequently rup-

tures, leaving a conspicuous longil udinal hollow space. This bundle is also

unconnected with any ol I he outer bundles.

MORPHOLOGICAL SUMMARY

It seems advisable al this poinl to summarize the major morphological
features of the nyssaceous fruit so that the reader will better be able to fol-

low the subsequent discussion of relationships between species.

(1) Only the inner part of the fruit wall is derived from carpellary

tissues; the outer part is derived from il : hy] inthiun , as is the case in

most fruits that develop from (lowers with inferior ovaries (Douglas,

1957; Eames, 1961). There is no epidermis between carpellary and
extracarpellary tissues, but the boundary may be located by means of the

vascular bundles. '1'issues internal to the carpellary bundles are certainly

carpellary tissues, and those tissues that are external to all bundles
supplying the perianth must be considered a part of the hypanthium. In
Nyssa and Camptnt/irca. bundle:: supplying I he androeeium are fused for

most of their length wilh bundles supplying the perianth, and the fusion

products are in turn fused with carpellarv bundles, resulting in a single

circle of compound vascular strands. These cmnpoum! strands mark the

transition between caipellarv and extracarpellary tissues.

(2) In the Nyssa sylvatica complex and in X. ogeche, all of the carpellary
tissues become woody. In Ar

. javanka, N. aquatica, Camptotheca, and
Davidia, the outermost layers of carpellarv tissue remain parenchymatous.
The stones of all species have a distinct inner zone of transverse fibers,

elongated parallel with the locule. Taken alone, this inner zone of the

nyssaceous endocarp is roughly comparable to some of the woody endo-
carps that develop in other plant groups, where the ovary is superior.

(3) Those species in which the entire carpellary portion of the fruit wall

becomes woody produce endo i rp marked In va cui i bundles lying in

longitudinal grooves, with the regions between the bundles protruding as

ridges. Species in which the outer carpellary tissues remain parenchyma-
tous produce smooth endocarps (Camptotheca) or ridged endocarps in
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which the ridges are radially aligned with major vascular bundles (Nyssa
aquatica, Davidia). The stone of N. javanica combines both of these

features: it is relatively smooth, and its three inconspicuous dorsal ridges

CONCLUSIONS

Similarity of Vascular Patterns in Nyssa and Cornus. Vascular
patterns in the flowers of Nyssa resemble very closely the vascular patterns
of Cornus described by Wilkinson (1944). Wilkinson's generalized draw-
ings (p. 279, figs. 1-7) representing several species of Cornus show a more
elaborate sepallary supply than that of Nyssa and a somewhat different

orientation of the ovule. There is a further difference in the number of

peripheral bundles, for the flowers of Cornus are usually tetramerous and
accordingly there are only eight bundles supplying the perianth. In im-
portant respects, however, the drawings are equally representative of

bilocular Nyssa flowers; carpellary bundles are variously fused with periph-
eral bundles; ventrals of adjacent carpels are united for much of their

length; and the ovular supply is made up of numerous traces. According
to Wilkinson's descriptions, ovular traces in Cornus always connect with
the ventrals. This is a somewhat simpler condition than that found in

Nyssa, where ovular traces may also connect with peripheral bundles or

may rise independently from the base of the ovary.

Comment is necessary regarding Wilkinson's notion that the bilocular

ovary in Cornus has been derived from a unilocular ovary. She concluded
from her study of the vascular pattern that the partition separating the

two locules is not a true septum, but a pair of fused parietal placentae,

citing the occurrence of an incompletely formed partition in C. suecica in

support of her argument. Since the vascular patterns in Cornus and Nyssa
are so similar, Wilkinson's conclusion, if valid, could be extended to include

the nyssaceous ovary. To the present author, however, the notion that the

septum in either genus is derived from fused placentae seems extreme and
unjustified. Wilkinson's interpretation of the vascular system with regard

to this point is not at all convincing, and her use of an unusual specimen of

C. suecica, which she herself recognized as an advanced member of the

genus, to demonstrate a supposedly primitive character is open to question.

If Wilkinson's view were correct, one would expect at least some of the

fossil fruits of Nyssaceae and Cornaceae to be unilocular with two or more
prominent parietal placentae. Such fruits are not known. On the con-

trary, numerous fossil cornaceous and nyssaceous fruits dating from as

long ago as the Eocene show the multilocular condition, and locules are

more numerous in these ancient fruits than in their modern counterparts.

Furthermore, if the septum were an advanced feature derived from the

fusion of parietal placentae, one would expect unilocular fruits of modern
Cornus to retain two placentae and two seeds. On the contrary, unilocular

fruits of Cornus resemble those of Nyssa (Kirchheimer, 1948). Recently
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i, p. 116) has also expressed disagreement wii

Affinities among Nyssa Species. Perhaps the most interesting result

of this investigation is the discovery of a resemblance between fruits of the

Asiatic Ar
. javanica and the American A', aquatica. Since the development

of the endocarp in these two species is so different from that of other

Nyssa species, the idea that X . javanica and X . aquatica are somehow re-

lated seems very attractive. Nyssa aquatica is the more advanced species

in several respects. The inflorescence on hermaphrodite trees has been

reduced to a solitary flower, and the gynoecium, since it shows little or no

evidence of the ancestral polymerous condition, is the most reduced of all

Nyssa species. Reduction is also evident in the number of corolla lobes

and in the number and fertility of the stamens present in hermaphrodite

flowers. Furthermore, data from the anatomical studies of Titman (1949)

may be interpreted to indicate that the wood of A7
, aquatica is more ad-

vanced than the wood of N. javanica. (Tn N. aquatica the vessel members

are shorter and the perforation plates have fewer scalariform bars.) If the

two species are indeed related, then N. javanica must be much closer to the

ancestral form. It will be shown in a later paper that well-preserved fossil

fruits of the same general morphological type as N. javanica fruits have

been collected in early Tertiary deposits of the eastern United States.

When the fossil record is considered along with the morphological similarity

of the modern fruits, the affinity of Ah javanica and A. aquatica can scarcely

be doubted.

Affinities within the Nyssa sylvatica complex are sufficiently evident

that little discussion is necessary. The same features that separate N.

sinensis from its American counterparts, notably the pedicellate bisexual

inflorescence and the frequent occurrence of bilocular fruits, mark the

Chinese species as the most primitive member of the complex. It seems

likely that the greater abundance of tnchomes on young leaves and in-

florescences of N. sinensis is also a primitive characteristic. (In this con-

nection it may be noted that the flowers of the advanced species N.

aquatica are glabrous whereas those of X. javanica are hairy.)

ill,. S I
', \ t 1 I II 111 It! U I n, I 111 [) ip 1 1

separate species from Ah sylvatica. has a more reduced inflorescence than

the latter, it must be assumed that A. sylvatica is the older of these two.

The Nyssa sylvatica complex seems not to bear a very close relationship

to N. javanica and N. aquatica. The fruits of the two latter species are

histologically different from those of the A. sylvatica complex, and there

i . ii omp m\ mi Hi i d dm. , nccs . miin n Hi •> 't in In rue it < ipii lie

inflorescences in N. javanica and Ah aquatica; in short racemes in the A.

. >i mli i iqi il il hli t mi may be added the

recent report of Johnson and Fairbrothers (1961 ) that N. sylvatica and Ah

aquatica can be d. n '

:

'..„.'
| hese facts indicate

that the N. sylvatica complex has evolved independently of N. javanica
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and N. aquatica for quite a long time. Fossil evidence will be adduced to

support this view.

The question may arise as to which of the two evolutionary lines retained

more of the remote ancestral features. Actually both lines appear to have

advanced as well a p tive ch racteristics. The short racemose inflores-

cences and frequent bilocular gynoecia of Nyssa sinensis show less evidence

of reduction than the capitate inflorescences and unilocular gynoecia of N.

javanica. On the other hand, a stone formed only from inner cell layers

of the carpel is probably more primitive than a stone formed from an entire

gynoecium. In this respecl \ /</./<>/.< im' > K{„ui< > h m >

primitive structure.

Thus far Nyssa ogech ha not been mentioned in this discussion be-

cause that species shows no very close affinity with any other in the genus.

Except for the dense covering of trichomes, the capitate staminate inflores-

cence and solitary hermaphrodite flower of N. ogeche resemble correspond-

ing structures of' N. aquatica. Moreover, Titman (1949) found that the

wood of N. ogeche . like that of .V. aquatica, is a bit more advanced in some

ways than the wood of other Nyssa species.15 On these grounds, Titman

suggested that N. ogeche, has been derived from N. aquatica. Titman 's

suggestion must now be rejected emphatically because the flowers of N

.

ogeche, with their double styles and their more numerous stamens and

corolla lobes, cannot have been derived from the reduced flowers of N.

aquatica. If there were a close relationship between these two species, it

would perforce be in the other direction, with AT
. ogeche being the more

primitive. However, the structure of the endocarp of A7
, ogec'n 'n not ; t

all like that of N. aquatica: rather, it resembles both externally and in-

ternally the endocarp found in the N. sylvatica complex. In fact, when the

papery wings have been removed from some of the shorter stones of N.

ogeche, these could be mistaken for elongated stones of N. sylvatica or N.

biflora (Pl. I, Fig. 7). Tt seems most likely that this puzzling species is

not intimately related to any other modern Nyssa and that it has had a

long evolutionary history of its own.

Relationship of Camptothkca and Xyssa. The observations re-

ported in this paper support the opinion of other workers that Nyssa and

Camptotheca are closely allied. Titman (1949), noting that the vessel

members in Camptotheca are more advanced in some respects than those

of Nyssa. suggested that Camptotheca has been derived from the ancestors

in \ nuaana ' < io uiiL-ilr h i fin* uilx ohm ,> I the inflorescences

of the two plants, this is a reasonable deduction. In Camptotheca the outer

cell layers of the carpellary portion of the fruit wall remain parenchyma-

tous, indicating a relationship with X. javanica. Moreover, Camptotheca
ir

' Users of Titman dm in in ioned that there are errors in the ratios of length

to width cmploMtl Io mIiiih tin d.LK o! p. tnli/ition ot \ t ssel members. For
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is more specialized than the latter species with regard to dispersal of its

fruits. The reduced vascular pattern, the dry outer fruit wall, the thin,

light endocarp, and the great abundance of fruits in each head are correlated

aspects of this specialization. Presumably the fruits of the ancestral plants

resembled much more those of modern N. javanica than those of Campto-
<< • rii< gynoecium must ha\ hi en at hast trimerous (but not neces-

sarily trilocular), however, since three styles are still present in Campto-

theca. Probably in this ancestral population, as in modern Camptothcca,

there were not two kinds of sexually different trees.

Primitive and Advanckd IT.vn rks in Davidia. In most respects the

hermaphrodite flowers of Davidia are much less advanced than those of

other Nyssaceae. The gynoecium is usually heptamerous, and there are

more than 20 stamens. Vascular bundles are very numerous, and fusion

of peripheral strands with carpellaries is slight. Furthermore, woody
elements of the endocarp in the mature fruit are not nearly so long, narrow,

and thick-walled as in Xyssa. All of these features must have persisted

There are other characteristics of the reproductive structures of Davidia

that are not primitive, however. The pedicels bearing the staminate flowers

have been reduced so much as to be almost non-existent, and it is likely

that the perianth has also been lost through reduction. Moreover, the

occurrence of a sh i lite tlower on an otherwise staminate in-

i i is a specialization.

ill hough 'V, hlio lia received much attention as an ornamental plant.

it seems that little effort has been directed toward a morphological interpre-

tation of the curious inflorescence. Actually there are two inflorescences

present wherever the hermaphrodite llower appears --a capitate staminate

inflorescence and a hermaphrodite inflorescence that has been reduced to

a solitary flower. Serial sections of the staminate inflorescence show that

the thick axis branches into two equal parts just below the insertion of

the hermaphrodite llower. Evidently the compound inflorescence of

Davidia has evolved by reduction from a panicle of inflorescences like

that still found in Camptothcca. Hermaphrodite flowers of Camptothcca art-

located in the most di I d mil ire cenc< u i n ;mp< u that the hermaph-

rodite flower (inflorescence) of Davidia also occupies a position distal

to the staminate inflorescence. The latter inference is based on the fact

that the more distally situated «u' ilw iw . large, white subtending bracts

is always attached on the same side of the main axis as the hermaphrodite

flower. Li and Schramm (1954) report that two hermaphrodite flowers can

occasionally occur on a single staminate head. It would be interesting to

know whether both flowers in such cases belong morphologically to the

same hermaphrodite inflorescence or whether there are two hermaphrodite

inflorescences involved.

Nyssaceae. The resemblance of the

;ae is considerably less than expected.
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There are histological similarities, but differences in the vascular pattern

and in the establishment of the dehiscence line are more impressive. Con-
sidering the marked resemblance of vascular patterns between Nyssa
and Cornus, the dissimilarity encountered in Mastixia is surprising. One
must infer that Mastixia is not so closely related to the Nyssaceae as are

some other cornaceous genera.

An interesting assortment of primitive and advanced features are com-
bined in Mastixia. The panicle of perfect flowers is about as primitive as

any inflorescence in the Umbellales, and vessels in the secondary xylem

are similarly primitive. If, as it seems, the numerous peripheral vascular

bundles in the flower are spirally arranged, that may also be taken as a

primitive feature. In contrast, the vascular supply of the gynoecium is

very much reduced. In specimens examined for this study, only two

bundles supply the ovule and no vestiges of lost carpels are present. With-

out additional information this gynoecium would be considered truly mo-
nomerous, but in view of the multilocular condition of fossil mastixioid

fruits (Kirchheimer, 1936) and the recognizable pseudomonomerous nature

of unilocular gynoecia in related genera, it must be concluded that the

gynoecium in Mastixia is also pseudo

ACKNOWLEDGMENTS

Acknowledgment has already been given at suitable places in the text

to several individuals and organizations who were helpful during this

investigation. Credit is also due to Mrs. E. S. Barghoorn, who collected

and imbedded some flowers of Nyssa sylvatica, and to Drs. Carroll E.

Wood, Jr., and W. L. Stern, who were a constant source of encouragement

and editorial advice. Most of the research was performed during the

tenure of a graduate fellowship granted by the National Science Founda-

tion. Field work in the southeastern U.S. was supported in part by a special

travel allowance from the National Science Foundation, and a collecting

trip in India was partly supported by the U.S. Educational Foundation,

New Delhi. Most of the photographs were made by Mr. Jack Scott, Smith-

LITERATURE CITED

Adams, J. E. 1949: Studies in the comparative anatomy of the Cornaceae.

Jour. Elisha Mitchell Soc. 65: 218-244.

Anonymous. 1942 Big trees Maryland's black gum. Am. Forests 48: 100.

Applequist. M. B. 1959a. Longevity of submerged tupelogum and bald-cypress

seed. La. State Univ. Forestry Notes No. 27, 2 pp.

. 1959b. Soil-site studies of southern hardwoods in Southern forest soils.

La. State Univ. Sch. Forestry Proc. Forestry Symposium 8: 49-63.

ArxNOtt, H. J. 1959. Leaf clearings. Turtox News 37: 192-194.

Baldwin, H. I. 1961. Succession in a black gum-red maple swamp— a twenty-

five year record. N.H. Forestry and Recreation Comm. Caroline A. Fox Res.

& Demon. Forest. Fox Forest Notes No. 86, 2 pp.



JUL RNAL OV THE ARNOLD ARBORkTl M

. S. 1948. Sodium chlorite as an aid in paleobotanies

• & W. Spackmax. Jr. 1949. A preliminary study of the flora of the

Brandon lignite. Am. Jour. Sei. 247: 33-39.

Beax, W. J. 1950. Trees and shrubs hardy in the British Isles. 7th ed. 3 vol.

John Murray, London.

Bor, N. L. 1938. A sketch of the vegetation of the Aka Hills, Assam: a

synecological study. Indian Lor. Rec. 1(4): 103-221.

Braun, E. L. 1950. Deciduous forests of eastern North America. Blakiston

Co., Philadelphia.

Chu, K.-L., & W. S. Cooper. 1950. An ecological reconnaissance in the native

home of Metau i/n I nl 1 1
'i

Cowan. J. M. 1929. The forests of Ealimpomr. Rec. Lot. Surv. India 12: 1-74.

Danser, B. li. 1934. The Cornaceae. scnsit stneto. of the Netherlands Indies.

Blumea 1: 46-74.

Demaree, D. 1952. Submerging experiments with Taxodium. Ecology 13:

Dermen, H. 1952. (biological -Indies of Cormis. Jour. Arnold Arb. 13:

Dixon, D. 1961. A'FA's social register of big trees; these are the champs. II.

Am. Forests 67(2): 41-47.

Douglas, G. E. 1957. The inferior ovary. II. Bot. Rev. 23: 1-46.

Eames, A. J. 1961. Morphology of the angiosperms. McGraw-Hill Co., New
York.

Erdtman, G. 1952. Pollen morphology and plant taxonomy: angiosperms.

Chronica Botanica, Waltham, Mass.

Esau, K. 1953. Plant anatomy. Wiley cS; Sons. New York.

Eyles, D. E. 1941. The status of Nys.su acuminata Small. Castanea 6: 32-35.

Fernald, M. L. 1935. The varieties of Syssa svivatica. Rhodora 37: 433-437.

Gamble, J. S. 1902. A manual of Indian timbers. Revised ed. Sampson. Low,

Harston, & Co.. London.

Hall, T. F., & W. T. Penfound. 1959. A phvtosociological studv of a Xyssa

biflora consocies in southeastern Louisiana. Am. Midi. Nat. 22: 369-375.

Harms, H. 1898. Cornaceae in Kngler & Prantl. Nat. Pllanzenfam. III. 8:

250-270.

Harper, R. M. 1928. Economic botany of Alabama, part 2. Geol. Surv. Ala.

Monogr. 9.

Hemsley, W. B. 1912. Dnvidid involiicrata var. vihnoriniana. Bot. Mag. 12S,

t. 8432.

Horxe, A. S. 1909. The structure and affinities of Davidia involiicrata Baill.

Trans. Linn. Soc. II. 7: 303-326.

. 1914. A contribution to the study of the evolution of the flower, with

special reference to the Hamamelidaceae. Capri fcliaceae. and Cornaceae.

Ibid. 8: 239-309.

Hu, H. H. 1927. Nyssa sinensis. In: Hu & Chun. Icones Plantarum Sinicarum.

!
i I. Ii I " - hi ii,

I
' I' I'm ' !i im I.

HUTCHINSON, J. 1959. The families of flowering plants. Ed. II. Clarendon

Press, Oxford.

Johnson, M. A., & D. E. Fairbrothe]

between the Cornaceae and Nyssaceae



1963] EYDE, STUDIES OF NYSSACEAE, I 51

Kirchheimer, F. 1936. Zur Kenntnis der Fruchte rezenter und fossiler

Mastixioideen. Beih. Bot. Centralbl. Abt. B. 55: 275-300.

.

1" ''iiniii i to ilii m ' it h.'Mi 11 IMantae. 23: 1-210.
•

. 1943. Die Mastixioideen in der Flora der ( legcmvart. Braunkohle, 1943,

Heft 2: 17-19 & Heft 3: 26-30.

• 194S. fiber die Fachverhaltnisse der Fruchte von Cornus L. und
verwandter Gattungen. Plunta 36: S5-102.

• 1957. Die Laubgewach.se der Braunkohlenzeit. Wilhelm Knapp, Halle

a.d. Saale.

Koorders. S. H., & T. Valetox. 1900. Nyssa (Cornaceae). Bijdrage tot de
Kennis der Boomsorten op Java. Meded. Lands. Plantent. 33(Bijdr. 5): 95-
101.

Li. H.-L. 1952. Floristic relationship between eastern Asia and eastern

North America." Trans. Am. Phil. Soc. II. 42: 3 71-429.
—

-
195-1. Davidia as the lype of a new family I)a vidiaceae. Lloydia 17:

& C.-Y. Chad. 1954. Comparative anatomy of the woods of Cornaceae
and allies. Quart. Jour. Taiwan vlus 7- 119 ISO

& J. R. Schramm. 1954. Duvidh in the Philadelphia region. Morris Arb.
Bull. 5: 31-33.

McIntosh, R. P. 1959. Presence and cover in pitch pine-oak stands of the

Shawangunk Mis.. New York. Ecology 40: 482-485.

Merrill, E. D. 1937. Mist ell ! , ( i mo n i u,n mi, i s ? In >n>

. 1938. New or noteworthy Indo-Chinese plants. Jour. Arnold Arb. 19:

& W.-Y. Chun. 1940. Additions to our kn 01vledge of tfie Hai
III. Sunyatscnia 5: 1-200.

& L. M. Perry. 1940. Plantae Papuanae Archboldia:nae, I

.Id Arb. 21: 511-527.

Metcalfe, C. R., & L. Chalk. 1950. Anatomy of

Clarendon Press, Oxford.

Miran:da, F„ & A. J. Sharp. 19.50. Characteristics cif the veget.ation i

iei lU i
< ion in e isteni sd exico. Ecology 31: ;313-333.

MlTTAl:, S. P. 1960. Studies in

,
Res. Sri. 9: 113-119.

the Umbellales. I. An abstra.ct. Aj

MUN vchino, J., & E. C. Leonard. 1959. A new species of Justi

Florida. Rhodora
Oertel, E. 1934. "White tupelo" of western Florida. Am. Bee Jour. 74:

310-312.

Parker, R. N. 1929. The Indian species of Nyssa Linn. Indian Forester 55:

Penfound, W. T. 1952. Southern ;\va nips and marshes. Bot. Rev. 18: 413-446.

& T. F. Hai. i.. 1939, A phytosociological analysis of a tupelo gum forest

near Huntsville, Ala. Ecology 20: 358-364.

I'mi em i
| 1

i
I 1 u ii in .1 i! uii (it i if me I, \ ( (en < nolin i

shrub-bop species as compared with then \ppalachian Mountain affinities.

Bot. Gaz. 118: 88-105.

Popham, R. A„ T. J. Johnson, & A. P. Chan. 1948. Safranin and anilin blue

with Delafield's lu i lowlin I'm tuning i < II will in hoot apexes Stain

Technol. 23: 185-190.

Rahmlow, H. J. 1960a. Tupelo honey production. Gleanings Bee Culture 88:



52 JOURNAL OF THE ARNOLD ARBORETUM [vol.xliv

. 1960b. Our nation's highest-priced honey. Ibid. 88: 532-534.

Reid, E. M., & M. E. J. Chandler. 1933. The London Clay flora. British

Museum (Nat. Hist.), London.

Rickett, H. W. 1945. Nyssaceae. N. Am. Fl. 28B: 313-316.

Rodriguez, R. L. 1957. Systematic anatomical studies on Myrrhid idn i til

other woody Umbellales." Univ. Calif. Publ. Bot. 29: 145-318.

Sargent, C. S. 1893. Cornaceae in The silva of North America 5: 73-84.

. 1922. Manual of the trees of North America. Ed. 2. Houghton Mifflin

Co., Boston.

Sharp, A. J., & E. Hernandez X. 1945. Distribucion de la Nyssa sylvatica

Marsh, en Mexico. Bol. Biol. Univ. Puebla 12: 13-15.

Shunk, I. V. 1939. Oxygen requirements for germination of Nyssa aquatka.

Science 90: 565-566.

Small, J. K. 1903. Flora of the southeastern United States. Published by

the author, New York.

. 1927. A new Nyssa from Florida. Torreya 27: 92-93.

Steward, A. N. 1958. Manual of vascular plants of the Lower Yangtze Valley.

Oregon State College. Corvallis.

Titman, P. W. 1
, )4" null in me woody anatomy of the family Nyssaceae.

Jour. Flisha Mitchell Soc. 65: 245-261.

Wang, C.-VV. 1961. The forests of China. Maria Moors Cabot Found. Publ.

No. 5. Harvard Univ., Cambridge.

Wangerin,W. 1910. Nyssaceae /// A. Engler. Das Ptlanzenreich, IV. 220a: 1-20.

Wasscher, J. 1935. The genus Nvssa in the Netherlands Indies. Blumea 1:

344-350.
•

. 1948. Nyssaceae. Fl. Malesiana I. 4: 29-31.

Wells, B. W. 1942. Ecological problems of the southeastern United States

Coastal Plain. Bot. Rev. 8: 533-561.

Wetmore, R. H. 1932. The use of celloidin in botanical technic. Stain Technol.

7: 37-62.

Wilkinson, A. M. 1944. Floral anatomy of some species of Comus. Bull.

Torrey Club 71: 276-301.

Wilson, E. H. 1913. A naturalist in western China. 2 vols. Doubleday, Page

Co., New York.

. 1914. Nvssaceae in Sargent, C. S. Plantae Wilsonianae 2: 254-257.

WoDKiiorsE. R. P. 1935. Pollen grains. McGraw-Hill. New York.

Wood, L. B. 195S. White tupelo — rarest of honeys. Fla. Grower & Rancher,

March, 1958, p. 17.

Division of Woods,



EYDE, STUDIES OF NYSSACEAE,

EXPLANATION OF PLATES

PLATE I

Fig. 1. Stones of Nyssa aquatica {author's collection) natural size. Speci-
men in upper right lateral view; others viewed from dorsal side. Fig. 2. Stones
of N. ogeche (authoi "s collection > with papery wings removed, showing variation
in size and shape. Three specimens on right in bottom row are viewed from
ventral (placental) side; others shown in dorsal or lateral view. Fig. 3. Varia-
tion in stones of the N. sylvatica complex; all specimens natural size and viewed
from dorsal side. Top row, N. sinensis: (left to right) Steward & Cheo 818
(a), "Yung Hsien, Ta Tseh Tsu i R i . Ching :<>,,

( A ), Anhwei; Y. Tsiang
5944 (a), "Yunfeushan, Tuyun"; C Wang W4S9 (A) ! v-n^s, (no fruit I

Center row, N. biflora: A. Traverse 498 (gh), Ga.; R. K. Godfrey 6433 (gh),
N. C; Godfrey & Tryon 1462 (gh), S. C; W. W. Eggleston 4919 (gh), Va.;
A. E. Radford 6327 (gh), N.C. Bottom, N. sylvatica: Svenson 10372a (gh)'
Tenn.; E. T. & S. A. Harper s. n. (a), Charlestown, W. Va.; F. MacKeever
MV306 (nebc), Mass. Fig. 4. N sylvatica

I n I nson 10372), X 2,
viewed from placental side— note two pits where ovular strands, rising in-

dependently from base, enter endocarp wall en route to placenta. Fig. 5. Lateral
view of stones shown in Fig. 3 : (left to right) Steward & Cheo 818, MacKeever
MV306, Traverse 498, E. T. & S. A. Harper s. n., Godfrey 6433. Natural size.

Fig. 6. Fruits of Camptotheca acuminata (A. Henry 13433, a), from Yunnan,
n; 1 ;— outer tissues have not been removed from fruit on left. Fig. 1.

To show similarity between unusually long N. biflora stones and shortest stones
of N. ogeche. First and third specimens from left are N. biflora (A. Traverse
498). Fig. 8. N. aquatica stone (author's collection), X 2; viewed from ventral
side. Fig. 9. Davidia stone (collected E. H. Wilson, China), X 2 — note
partially opened germination valve with prominent median dorsal ridge flanked
by two deep grooves.

PLATE II

Fig. 10. Stone of "Nyssa m, u rpa (Park 2308 a) between two smaller
N. javanica stones from Sumaira (Forbes 2880, gh), all X 2.7. Smaller stones
shown in ventral (above) and dorsal view. Fig. 11. Transverse section, X 7,

of N. javanica stone, taken below the valve, showing sculpturing of locule.

Dorsal side is at bottom of photo. Fig. 12. N. ogeche fruit, X 2.7, with skin
and fleshy tissue removed carefully to show papery wings radiating from
stone. Fig. 13. Transverse section, X 7, of N. ogeche stone, taken at base of
valve— note position of peripheral bundles between ridges, abundance of
ovular traces in endocarp wall. Dorsal carpellary bundle is prominent above
number '13, and basal part of dehiscence tissue can be seen at lower left.

PLATE III

Fig. 14. Longitudinal section, X 23, of Nyssa sylvatica flower (petals and
stamens no longer attached) — note nectariferous disk above rim of hypanthium
and three major tissue zones that will form the fruit wall. Note also the single

vascularized integument surrounding narrow nucellar peg. Fig. 15. Transverse
section, X 30, of N. sylvatica flower (collected May 20th), showing eight
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rpellary and noncarpellary

id two Hanking bundles in

[lower — i .aminal bundles near periphery of sect

bundle, at nutei • boundary of y
.-ition opposite each ovule and flankin

Ventrals lie opposite the septa, are difficult

canu-lla.v n. Fig. 18. Transvers

of Mustix area (J. H. Luce 5641, A)— note po

kindle in part of infold and thickening of en<

„,„„„, ces.

PLATE IV

Fig. 19. Traiisverse section. X 5. of Davidia stom

live abort

the septa. Fig. 20. Transverse section. X 200, of Ny

early stage in development of endocarp - - note single epidermal layer

ounding locule (above), transversely elongating cells near epidermis and

- hr.ge peripheral kindle.

PLATE V

Fig. 21. Dehisct>nce regiori, X 50. of Mastixiii section shown in Lie. IS —

locule ( upper left I

wing orien

. Fig. 23

ane. showi

cule is to left. Fig. 22. Ventral region of same

tation of elements; part of raphe may be seen in

Transverse section, - 50. of dorsal portion of

ng orientation of libers; locule below. Fig. 24.

Transverse section. X 50, thr

.resent e of vascular bundle on crest of ridge.
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TAXONOM1C AND NOMENCLATURE NOTES ON THE

GENUS RHUS (ANACARDIACEAE) T

George K. Brizicky

Rhus L.

gional floras of North America. While many authors accept

Engler's delimitation of the genus and recognize only Cotinus Mill, and

Metopium P. Br. as segregates of Rhus, some taxonomists follow Barkley

(1937, 1940) either completely or partly in regarding "Schmaltzia Desv.

[ex Small] emend. Barkley & Reed" and/or Toxicodendron Mill, as dis-

tinct genera. The interpretation of these groups either as subdivisions of

Rhus or as separate genera certainly is a matter of personal opinion which

would hardly requne am addit onal nn t sti" itions and discussion if the

differences in interpretation only pertained to different evaluations of ac-

curately established facts (characters). However, in the course of sur-

veying the genera of Anacardiaceae in the southeastern United States (see

Jour. Arnold Arb. 43: 359-375. 1962) and examining the herbarium

material of Rhus, the author found that at least some of the supposed

generic differences between Rhus and segregated genera are based on in-

complete or inaccurate observations. It was therefore thought necessary

to check the taxonomic values of differential characters which have been

considered basic for the generic segregation of "Schmaltzia' and Toxi-

codendron from Rhus by examination of more extensive herbarium

material and by consulting the literature. A discussion of the results of

this effort, the delimitation of the genus Rhus L., comprises the first part

of the present article; the second part is devoted to the correct name for

the group of species segregated as "Schmaltzia Desv."

THE GENERIC LIMITS OF RHUS

The genus Rhus as established by Linnaeus in 1753 (Sp. PI. 1: 265-

267) and in 1754 (Gen. PI. ed. 5. 129) comprised Cotinus, Toxicodendron,

and Rhus of Tournefort (Inst. Rei Herb. ed. 2. 1: 610, 611; 3: pis. 380,

381). In 1762, Linnaeus (Sp. PI. ed. 2. 381) also included Metopium P.

Br (Civ. Nat. Hist. Jamaica, 177. 1756) in the genus, as R. Metopium.

Miller (Card. Diet. Abridg. ed. 4. 1754) first treated the Tournefort

genera as distinct, but, in 1768 (Card. Diet. ed. 8), included Cotinus, as

well as Browne's Metopium, in Rhus, retaining Toxi< odendron as a distinct

'Continuing a series of miscellaneous notes and papers on tin lima ol tlu ..<nilli

, , , , , nil ,i tm mm, |... iiii« it.mimh the interest and support of (Jeome R.

Cooley and a grant (G 9720) iron, tin National Science Foundation. The author ex-

suggestions, and advice.
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genus. Since that time Cotinus, Metopium, and Toxicodendron have been

treated by different authors either as subdivisions (sections or subgenera)

of Rhus or as distinct genera.

Besides these taxa, smaller groups of species of Rhus also have been

segregated. Thus, in 1819, Rafinesque (p. 357) established the genus

Lobadium, based on Rhus arnn>;i:;:;i \ii distinguishing it from Rhus on

the basis of its precocious, spikelike inflorescences and a supposed dif-

ference in the floral structure, the conspicuous lobes of the nectariferous

disc in this species being interpreted by him as "glandular bilobed ap-

pendages to the petals." Rafinesque's genus was afterwards recognized as

distinct from Rhus by several authors (e.g., Greene, 1905; Britton &
Brown, 1913; Small, 1933) under its earlier provisional name Schmaltzia

Desv. In 1838, Torrey and Gray (p. 220) published a new genus attrib-

uted to Nuttall, Styphonia, based on S. integrifolia Nutt. ( = Rhus integri-

jolia (Nutt.) Benth. & Hook. f.). This species had "fruit similar in most

respects to that of Rhus § Sumac] inflorescence somewhat approaching

that of Lobadium; differing from both, particularly in the gradual transi-

tion from bracts to petals." Finally, in 1917, Abrams (p. 220) validated

Nuttall's Malosma (published by Torrey and Gray as a subgenus of Rhus

in 1838) and segregated it from Rhus; later, however, he (1951, p. 51) in-

cluded Malosma in the latter.

In the most important recent work on the American species of Rhus and

its immediate allies, Barkley (1937) treated Cotinus, Metopium, Rhus,

Toxicodendron, Malosma, and the earlier segregated Actinocheita Barkley

as distinct genera. The group known as "Schmaltzia Desv." was emended

by Barkley to include Lobadium Raf., Styphonia Nutt., Rhoeidium

Greene, and other closely related species and was treated as a subgenus of

Rhus. In 1940, however, apparently under the influence of Heimsch's work

(1940) on wood anatomy and pollen morphology of Rhus and allied

genera, Barkley and Reed segregated
uSchmaltzia Desv. emend. Barkley

& Reed" from RM i disth - I
< n with the tendency

toward splitting tl errier de la ] ie (1 i J 1 ) included the

Madagascan genus Baronia Baker (three species) in Rhus as a section.

The recognition of tin gem ri talus i 1
•' olim s mcl Metopium seems to

be reasonable (at least at present) and is in agreement with the view of

Engler (1881), who certainly was a prominent specialist in the Rhus

complex, as well as in Anacardiaceae in general. The segregation, how-

ever. <>l '/
' h a ind Toxi uicm on distii 1 genera appears

questionable with regard to the characters on which this segregation has

been based. These supposedly generic differences are surveyed and dis-

cussed below.

Since the extra-American subdivisions of Rhus, sects. Gerontogcae

Engl, and Melanocarpae Engl., are also involved in the discussion, it is

expedient for purposes of comparison to regard them as units at the sub-

generic level, rather than to compare subgenera with sections. Con-

sequently, the nomenclatural and taxonomic classification of this complex

genus as adopted in the present article is given below.
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Rhus subgen. Rhus. (Lkctotvi'k species: A'. Coriaria L.; see E. L.

Greene, Leafl. Bot. Obs. Crit. 1: 114. 1905.)

Rhus sect. Sumac DC. Prodr. 2: 67. 1S25. in part. (Lectotype species:

R. Coriaria L. 2
)

A7///.V subgen. .V« W</r (DC.) Torr. & Gray. Fl. \. Am. 1: 217. 1838 '*; emend.

Schneider, Illus. Hancib. Laubholzk. 2: 153. 1907.

Rhus sect. Trichoairpae Fngl. Hot. Jahrb. 1: 879. 1881. in part. (Lectotype
species: A. Coriaria L-)

Schmidt zia Desv. ex Small. Fl. Southeast. U.S. 727. 1903. in part.

Rhus subgen. Lobadium (Raf.) Torr. & Gray, Fl. N. Am. 1 : 219. 1838.3

Lobadium Raf. Am. Monthly Mag. Crit. Rev. 4: 357. 1819. (Type species:

Rhus suaveolens Ait. [A. amvutaccum Raf. A. aromatica Ait.L)

AV/H.V sect. Lobadium (Raf. ) DC. Prodr. 2: 72. 1825.

Turphua Raf. Med. Repos. New York II. 5: 552. 1808. //(>/«<>// provisorium.

Schmaitzia Desv. jour. Bot. Appl. 1: 229. 1818, uomcn provisorium.

Schmaitzia Desv. ex Small. Fl. Southeast. U.S. 727. 1903, in part. (Lecto-

type speciks: A////.V aromatira Ail.
\
Schmaitzia aromatka (Ait.) Desv.

ex Small) see E. L. Greene. Lean. Bot. Obs. Crit. 1: 129. 1905.)

Schmaitzia Desv.
|
ex Small

1
emend. Barklev & Reed, Am. Midi. Nat. 24:

647, 672. 1940.

Rhus subgen. Schmaitzia Schneider, Illus. Handb. Laubholzk. 2: 148. 1907;

emend. Barklev. Ann. Missouri Bot. Card. 24: 541. 1987. (Lectotype
species: A. aromaticti Ait.; see Barklev, loc. cit.)

Rhus sect. Trichia-arpac Kind. Bot. Jahrb. 1: 57 (
). 1881, in part.

Rhus subgen. Toxicodendron (Mill.) K. Koch, Hort. Dendr. 197.

1853; emend. Schneider, Illus. Handb. Laubholzk. 2: 149. 1907.

Toxicodendron Mill. (bird. Diet. Abridg. ed. 4. 1754. in part. (Lectotype

species: Rhus Toxicodendron L.; see O. Kuntze, Rev. Gen. PI. 1: 158.

Rhus L. sensu Small, Fl. Southeast. U.S. 726. 1903.

Rhus sect. Sumac DC. Prodr. 2: 67. 1825. in part.

Rhus sect. Trichocirpae Knsd. Bot. Jahrb. 1: 879. 1881. as to A. trichocarpa
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Rhus sect. Yenenatae Engl. Zoc. c/Y. (Lectotype species: 22. Toxicoden-
dron L.-)

Rhus subgen. Malosma Nutt. ex Torr. & Gray, Fl. N. Am. 1: 219.

1838. :! (Type species: R. lamina Nutt. ex Torr. & Gray.)

Malosma Nutt. ex Abrams, Fl. Los Angeles [ed. 3.] 220. 1917.

Rhus subgen. Thezera (DC.) K. Koch, Hort. Dendr. 197. 1853.

Rhus sect. Thezera DC. Prodr. 2: 72. 1825. (Lectotype species: R. penta-

phylla (jacq.i Desf.
|

A'. Thezera Pers.]. 2
)

Rhus ect S //»/</< D( /, , r/7 fS 7 . in part.

Rhus sect. Gerontot-eae Enj'1. Bot. Jahrb. j: 379. 1SS1. ( Imcn itype specips;

A', peutapl/ylia
(
Jacq. ) DcslV")

5p«n-/« Barkley. Am. Midi. Nat. 28: 472. 1<J42. (Based on Rhus sect. Gerow-
to^eae Engl.)

Rhus subgen. Melanococca (Blume) Brizicky. stat. nov.

Melanoeoeea Blume. Mus. But. Lugd.-Bat. 1: 236. 1850 (tide Engler, Bot.

Jahrb. 1: 380. 1881, et in DC. Monogr. IMvmer. 4: 450. 18S5). ( Type spectes :

M. tomentosa Blume - Rhus retusa |var.
|
p. Blumei Emrl. R. tailciisis

Guill.)

Rhus sect Uelanot rp End. Bot. )ahrb. J ). 1S81 < Lkctotype species

A3

. te7c7w« Guill. 2
)

Duckera Barkley, Am. Midi. Nat. 28: 472. 1942. (Based on #/«« sect.

'Melanorarpae Engl.)

Rhus and "Schmaltzia"

Barkley (1940) mentioned the following characters as basic for separa-

bv I I in olate caducou bract; isicni bract md two similar bract-

bractlets wanting. lets.

2. Shrubs and small trees, erect; 2. Shrubs and small trees, several

branches nsuallv few, and rather subst andenl : branches manv, slen-

thick. der.

3. Resin canals present in the wood
rays in two species studied by

cells wide. Hcimsch (1940), the rays one to

two cells wide.

4. Surface of pollen grains reticulate 4. Surface of pollen grains generally

or striate. smooth, striatums when occurring

faint and widely spaced.

5. Pubescence on fruits of red glandu- 5. Pubescence on fruits of red glandu-

lar hairs intermixed with deeply lar hairs intermixed with hyaline

red-stained nonglandular hairs. nonglandular hairs.
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Inflorescence. The type of inflorescence, thyrsoid in Rhus and
usually indeterminate in Schmaltzia. seems to be the most conspicuous

and perhaps the most important character distinguishing these groups.

The latter type of inflorescence is, however, easily derivable from the

former by reduction and contraction. The occurrence of "a terminal open
thyrse" (and caducous bracts and bracelets) in S. Lentii (Kellogg) Bark-
ley (= Rhus Lentii Kellogg), a species supposed to be a "primitive type"
in the segregate genus, confirms the preceding statement and shows a

possible connecting line between Rhus and Schmaltzia. It is notable also

that minute and caducous bractlets are usually present in Rhus, too, al-

though they are not easily detectable because of their small size and the

complexity of the inflorescence. Even in regard to the time of flowering

there is no sharp line between the two taxa. since many species of

Schmaltzia (§§ I'sc/idosumac. Styplionia, and Pscudoschmaltzia of Bark-
ley) possess at least coetaneous inflorescences.

The somewhat different habit, although of diagnostic value, can hardly
be of generic significance.

Anatomy. The significance of the presence or absence of resin ducts
in the wood rays (if a constant character) in the taxa involved can only
be determined from an extensive study of Rhus, sensu lato. The presence
of resin ducts in wood rays in three of four investigated species of the

Indo-African-New Guinean subgen. Thczera (Rhus § Gerontogeac Engl.)

has been recorded by Heimsch (1940). Thus this character does not
seem to be constant even in that very natural group. The width of wood
rays (two to four cells in Rhus against one to two cells in Schmaltzia)

can hardly be considered a reliable character in Rhus, since in this genus

it seems to be liable to variation even within a species. Thus, Kanehira

(1921a, b) describes wood rays in A', javanica L. (R. chinensis Mill.) as

"1-5 cells wide, 10-30 cells high" in wood from Formosa, and "1 or 2 some-

times 3 cells wide, up to 55 cells high' in specimens from Japan. (Jammer-

man ct a I. (p. 46) characterize wood rays of R. typhiua L. as being one

or two cells wide and up to 20, more rarely 30-40. cells high. In addition,

Heimsch (1942. p. 141) wrote of the anatomical evidence for the generic

segregation of Schmaltzia that -Schmaltzia is too poorly represented in

available wood collections to test properK the validity of this proposal

from the standpoint of \ylem structure."

Pollen. Heimsch {loc. cit.) was, however, of the opinion that "evi-

dence from pollen morphology supports such a change
|
segregation of

Schmaltzia]
j
for.

|

pollen grains of species of Rhus possess a sculptured

exine [reticulate or striate
|

in contrast to the usual smooth, unsculptured

|
rarely faintly striate

|

pollen grains of Schmaltzia." This statement may
be objected to on at least two bases, however. First, the taxonomic value

of the surface character of pollen grains in general (like the value of many
other endo- and exomorphic characters) may not be assumed a priori
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but must be accurately determined in each individual case since it may
vary in different groups of affinity. This problem can hardly be solved at

present since it requires not only additional and more extensive palynologi-

cal data, but also data from other branches of botany, especially from floral

ontogeny and biology, and ecology of the species. Second, neither Heimsch

(1940, 1942) nor Barkley (1940), who applied Heimsch's data for the

generic segregation of
liSchmaltzia," has shown that reticulate, striate,

faintly striate, and smooth pollen grains cannot occur within the limits of

a genus. Indeed, the data compiled from Wodehouse (1935), Erdtman

(1952), and Ikuse (1956) demonstrate that a situation in regard to the

sculpturing of pollen grains similar to that in Rhus can be found in at

least several very natural genera, e.g., Rosa, Acer, and Viola. Thus,

seven species and one variety of Rosa listed by Ikuse (p. 91) have "fine

reticulate" pollen; however, the texture of exine is striate "vaguely sug-

gesting the markings of a fingerprint" in R. rugosa Thunb., R. bracteata

Wendl, R. centijolia L., and R. rubiginosa L. (= R. Eglanteria L. fide

Fernald), and is variously granular in R. sctigrra Michx., R. multiflora

Thunb., and R. Noisettiana Thory (R. chinensis X moschata) (Wode-

house, 1935, p. 428). Pollen grains in 17 Japanese species of Acer listed

by Ikuse (loc. cit., pp. 101, 102) are "striato-fine reticulate" (in 12

species) or striate (in four species and two varieties) or spinulose (in A.

carpinijolium Sieb. & Zucc). According to Wodehouse's data on pollen

of the same genus, the exine is distinctly striate in A. Pscudo-Platanus L.

and A. platanoides L., less distinctly striate in A. rubrum L., extremely

faintly striate, sometime^ on .", tular, in a '•mm Marsh., and

smooth with a granular texture in A. Negundo L. (Wodehouse, loc. cit.,

pp. 439-442). Finally, in the genus Viola, 30 species listed by Ikuse (pp.

106, 107) have "fine reticulate" pollen grains, but seven species mentioned

by Wodehouse (loc. cit., p. 443, e.g., V. palmata L., V. cucullata Ait., V.

conspersa Reichenb.) and several Hawaiian species of Viola (Selling, pp.

117-120) possess a smooth, granular exine.

From the above-mentioned examples, the conclusion may be drawn that

pollen grains with a reticulate, striate, faintly striate, and smooth surface

may occur within the limits of a natural genus (e.g., Rosa, Acer, Viola) and

the smoothness of pollen surface in most species of "Schmaltzia" may
hardly be regarded as a character of generic significance. As in the genus

Acer where the extremely faintly striate, sometimes only granular, pollen

grains of A. saccharum are intermediate between the striate pollen of some

species of Acer (e.g., A. Pseudo-Platanus, A. rubrum) and the smooth

pollen of A. Negundo, the faintly striate pollen grains of some species of

Schmaltzia § Sty'phonia (including # J.< • ith i b rsoid inflorescences

with caducous bracts and bractlets) nay 1 le 1 as transitional be-

tween the (finely) reticulate or striate pollen grains of Rhus and the

usually smooth pollen of
"Schmaltzia."
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tachablc from the bony enducarp. In a few species of "Schmaltzia," how-

ever, the inner layers of mesocarp, striate with conspicuous resin ducts,

remain attached to the stone thus simulating (always?) fruits of species

of Toxicodendron. Even the pubescence on fruits of Rhus and Schmaltzia

is of the same kind, consisting of amber-colored to reddish-brown glandu-

lo [in v.iih i iin, uni, i 1 1 1
1 1 .

1 1 Pi !k and a multicellular, usually ellipsoi-

dal, obovate to club-shaped head and often also of red to colorless non-

glandular hairs. So, for example, the nonglandular hairs on the fruit coat

arc deeply red stained in A', typhina. R. glabra L. and R. Michauxii Sarg.,

but are colorless in A', cojmlima I .
-, V -\<

. o 1 the nonglandular

pubescence on fruits of Rhus (Schmaltzia) aromatica consisting largely

of colorless hairs alwavs includes at least a small number of red-stained

hairs.

Since the characters distinguishing S, hi i
, do not appear

to be of generic significance, and apparent transitions between these

groups in inflorescence type (S. Lcntii) and sculpture of pollen grains

[Schmaltzia § Styphonia) do occur, a close relationship between these

groups so clearly displayed in the similar flower and fruit <

be best expressed by considering' Schmaltzia. under

Lobadium Raf., a subgenus of Rhus.

Rhus and Toxi codendron

The following characters are usually considered to be of importance for

paration of these groups as distinct <;

Rhus Toxicodendron

Inflorescences terminal thyrses. 1 . Inflorescences axillary panicles.

fruits reddish or red, always 2 . Fruits greenish or yellowish white

glandular-pubescent; exocarp and to dun colored, never glandular-

nonwaxy mesocarp permanently pubescent; exocarp fragile, break-

united and separating from the

smooth stone. remaining attached to the usually

Resin nonpoisonous. 3

High content of tannins. 4 . Low content of tannins.

Vessels clustered in late wood; 5 . Vessels I1(,( clustered in Lite wood
;

resin ducts present in the wood resin ducts absent in the wood

rays of some species; septate rays; septate wood fibers present.

wood fibers absent.

Pollen grains ellipsoidal, the longer 6 . Pollen grains spherical, about 29

axis 31-43 (i long. /' in diameter.

Root hairs tawny pink or lighter 7 . Root: hear:; dark brown in Amen-

Inflorescence. There i no ba i dues n in th i

pi of inflorescence

between the two groups. The "panicles" of Toxicodendron are thyrses

(although sometimes considerably reduced and appearing almost racemose)
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as has already been stated by Copeland and Doyel (p. 933) for Rhus

(Toxicodendron) diversiloba T. & G. The taxonomic significance of the

terminal or axillary position of these inflorescences is obscure and seems

to decrease in value when the distribution of this character within Rhus

as a whole is taken into consideration. Thus, although terminal inflores-

cences seem to be the rule in subgen. Rhus, in R. Coriaria additional in-

florescences sometime develop in the axil >t the uppei two io ix I aw
(e.g., in a few specimens seen from Iraq. Palestine, and the USSR [a, gh

|
).

The occurrence of terminal and/or axillary inflorescences in subgen.

Lobadium. has already been mentioned (see Jour. Arnold Arb. 43:371.1962).

In South African species of the very extensive subgen. Tkezera, mostly

both terminal and axilla rv inflorescences occur within a species. However,

in some (e.g., R. tomentosa L., R. incisa L. f., R. Kcctii Schonl.) terminal

inflorescences, in others (e.g., R. horrida Eckl. & Zeyh., R. natalcnsis

Bernh., R. albomayjiuata Sond.) axillary inflorescences seem to be con-

stant. In R. Legatii Schonl.. staminate and carpellate plants differ in

this respect, the former usually bearing terminal, the latter mostly axillary

inflorescences (Schonland p. 51).

In Rhus taitensis, of the southwestern Pacific subgen. Melanococca

(Rhus § Melunocarpae). terminal inflo t m i in . - m memoes accompanied

by a few additional illary infloresceno in th< ixil of the upper leaves,

are most usual. However, in some specimens from Fiji (e.g., A. C. Smith 6792

[a], Gillespie 4167 \
on

|
) onk axillan. iufloi n. hi li'n • i

the original description ol R simarubijolia \. Gray (usually included in

R. taitensis) notes, "Panicles axillary, rather shorter than the leaf, loosely

flowered" (Gray, 1854, p. 368). Gibbs (p. 144), too. characterized the

latter species as ' \A very handsome tree. 17 m. high, with white trunk and

flat crown. The erect, axillary racemes of white flowers are very freely

produced, and stand well above the pinnate leaves.'' It is possible that

in R. taitensis terminal or axillary uilloi ( i ernes can occur on different

branches of the same plant, since Gillespie 4162 (gh) from Fiji is repre-

sented by two
7

; anchlets, one with a single axillary inflorescence, the other

i, ii'h i ! nh lk u cent '

Although in Toxicodendron the axillary inflorescences seem to be fixed

(the occurrence of axillarv and terminal inflorescences in R. perakensis

w,,M , m
,

'
r umiioI by King (p. 500), should, however, be

i u , ) , , i ,k! i i in h hai .( U i 'on ' n - u\ i> udet! »i

mi.h ,i i nificance in view of the distribution of axillary

inflorescence- >n!' 'In -enn «\/'//\a a >>ii"ir

Fruits. The iruits of Toxicod* ndron an said to differ essentially from

those of Rhus in their color; in the lack of glandular pubescence on the

fruit coat; in the exocarp separating from the mesocarp; and in the

waxy mesocarp adherent to the usually ibbed ;tone. The color of

fruits varies in Toxicodendron from greenish- or yellowish-white to tan.

However, in Rhus, sensu stricto, the color of the fruit coat is not always

red or reddish as could be assumed from descriptions which indicate a
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visual effect of the red or reddish nonglandular pubescence covering the
fruit, rather than the color of exocarp. The exocarp varies in the species
of subgen. Rhus (and subgen. Lobadium) from red or orange (e.g., R.
glabra, R. Michauxii) to different shades of brown (e.g., R. Coriaria, R.
copallina, R. javauini. !<

.

punjobeusis Urandis, thus overlapping some
species of Toxicodendron with brown fruits (e.g., R. Griffith!! Hook. f.).

It is also notable that the field data accompanying the specimen Purse-glove
4440 (a) of Rhus (Toxicodendron) perakensis from Borneo indicate
"fruits red drying glossy buff." Although color of the fruit may be regarded
as a good diagnostic character on the specific level, it can hardly be useful
for distinguishing larger groups because of its variation within" the subdi-
visions and the degree of overlap.

The glandular pubescence on the fruit coat, consisting of amber-colored
to reddish-brown hairs with a short unicellular stalk and multi-cellular
head, is quite characteristic of the subgenera Rhus and Lobadium (in

which it also occurs on the other parts of the plant body), and does not
occur on fruits in Toxicodendron or in the subgenera Thezera and Melano-
cocca. It is notable, however, that morphologically similar, but minute,
hairs have been recorded by McXair (1921, p. 137. pi. 2, F) in R. (Toxico-
dendron) divcrsiloba where "they are found mostly on the young rapidly
growing organs of the plant, especially on the floral region and the leaves,

less on the green stems and hardly at all on the woody portions." Cope-
land and Doyel (p. 934) observed such hairs also on the ovaries of the
same species. Mobius (p. 213, jig. 7. Ill) described and illustrated a similar
glandular hair from the leaf of R. (Toxicodendron) vcrniciflua Stokes
("R. vernicijera DC"). In South African species of subgen. Thezera,
where the glandular pubescence of the vegetative organs reaches the maxi-
mum of its morphological diversity and complexity within Rhus, species

with transitory or persistent glandular pubescence are known. However,
glandular-pubescent ovaries (but glabrous fruits) have been recorded
only in R. Stcingrocveri Engl. (Diels. p. 592). From this brief and super-
ficial survey one may conclude that, although the taxonomic significance

of glandular pubescence on fruits of species of the subgenera Rhus and
Lobadium cannot be evaluated at present, this character appears to be of

a certain diagnostic value. 4

4 The diagnostic value at the specific level seems to lie evident from the following
examples based on the author's observations and «>me data from the literature on
the morphology ot nomdandular, um>enale. "and" hairs w hu h cover fruits in Rhus
glabra, R Michauxii. R I xphina, and R ptdv'nutla (liven, iih hiding R. glabra var.
borealis Britt.). These hairs are of the same morphological structure in R. glabra and

fig. ref. to R. glabra). The homologous hairs in A', typhina are several-celled, about
2 \ mm long, line, gi idualK tapering to i u uilh diarp p< ml (of Barkley, 1938, p.
(.00, fig. 2d; (ileason, p. do?, fig. ret. to R. typhina). In his treatment of Rhus, Bark-

tinct species whose closest affinities seem to be with R. javanim L. and R. Coriaria L.
of Asia and Europe." However, the occurren

R. Michauxii and R. glabra seems to speak f
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Fruit histology seems to be basically the same in all the subdivisions

of Rhus. The exocarp is always formed by a single cell layer. The meso-

carp is predominantly parenchymatous or parenchymatous throughout

and is traversed by vascular bundles usually accompanied with resin ducts.

The endocarp is usually hard our cell layers: an outermost

parenchymatous.
;

d-bearing layer, followed by the three layers of

radially oriented columnar sclereids the innermost layer of which consists

of the longest and the middle layer of the shortest cells (Mobius, pp.

239-242, fig. 29, for R. verniciflua; Copeland & Doyel. pp. 936, 937, figs.

38, 39, for R. diversiloba)

.

While the histological structure of the endocarp seems to be almost

invariably the same in all the subdivisions of Rhus, that of the mesocarp

appears to be somewhat different, not only in the representatives of

different subdivhif ml ls< in h p i< belonging to the same group.

Thus, the mesocarp in R. Coriaria has been described (Reboul, pp. 39,

40) as parenchymatous throughout and only slightly heterogeneous, its

layers adjacent to the endocarp being composed of cells differing only in

the brightness of their walls ("a parois mince et tres claires") from those

forming the bulk of mesocarp and having the cell walls very refringent

("a parois minces et tres refringentes"). In R. glabra, however, the two

zones of the mesocarp are sharply defined; the inner zone (adjacent to

the endocarp) differs from the outer in i' ell is! >lor, greater fragility,

and presence of "small stone cells" (Youngken, p. 530). This difference

between the two zones of mesocarp is so well marked that Youngken {loc.

cit.) apparently mistook the inner zone of the latter for the endocarp,

regarding the true endocarp as a "very hard" seed coat. In some species

of Toxicodendron (e.g., R. diversiloba, R. radicans L., R. Vernix L.) the

parenchymatous mesocarp seems to be homo^n on -
tin- <>! cell

filled with "wax," while in other specie- (< <• R < vi\Jiilm R insignh

Hook, f.) the outer layers of parenchyma differ from the inner in the

absence of "wax" in their cells. In A', vi nici lua I

''> 'ins, p. 240), and

probably in all the other species of Toxicodendron, the two or three inner-

most layers of mesocarp are formed by small, roundish sclereids (cf.

R. glabra, above). Apparently the histological peculiarities of the fruits in

Rhus, sensu lato, are responsible for the fruit characters on which Engler

based his sections of Rhus. Thus, the fruits of sect. Trichocarpac Engl.

the latter, rathe r than w the s] l«", O, \ 1 1 ,| 111 | till* pe," which hi

morphologically Hill 'mil 1

> of both American specie s. The occurr.

hybrid be L'll R. Vichauxii and R. glabra (cf. Ashe, p.

rm the evidence from thf - morpholtiry

Rollins (1944) i
,,i \U d hi M.l II ' Jl Ul' ,1 ', »

Gray and P. inc ., w / \ . evidence from the morphology of trich

present "the prir determination of the hybrids" (]x 98). Thisse

applicable also t n the h\ I). kI- 'een Rhus glabra and R.
''',

' " '
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(i.e.. subgenera Rhus and Lobadium) have been described as having "Exo-
carp und Mesocarp bei der Reife i:n Xusammenhaim bleibend und sich vom
Endocarp loslosend," while in the sect. Vencnatae, i.e., Toxicodendron,
"Das Exocarp bei der Reife sich ablosend . . . Mesocarp dem dicken Endo-
carp anhangend" (Engler, 1881, p. 379). These characters, however, do
not have a general validity either in Engler "s Trichonirpar or in Vencnatae.
Although in most species of [he subgenera Rhus and Lobadium the exocarp
and mesocarp are permanent l\ united and easily separable as a whole from
the endocarp, in R. glabra only the outer reddish-green zone of mesocarp
remains permanently united with the exocarp and separates from the inner
yellowish zone which, in turn, detaches easily from the endocarp. Also,
in some species of Lobadium (e.g., R, aromatica, R. trilobata Nutt.) and
Toxicodendron (e.g., R. Griffithii. R. insiguis) the outermost layers of
mesocarp are permanently united with exocarp and separate themselves
from the bulk of the mesocarp (filled with "wax" in the latter group)
which remains attached to the stone. In other species of Toxicodendron
(e.g., R. diversiloba, R. radicans, R. Vernix), the exocarp alone separates
from the uniformly "waxy" parenchymatous mesocarp. Probably the
situation in respect to the fruit characters, similar to that of most species
of subgen. Rhus (e.g., R. Coriaria, R. typhina) exists in subgen. Melano-
cocca {Rhus § Mchinocarpae)

, that of Toxicodendron in the species of
the subgen. Thezera (Rhus

Jj
Grrontogeae)

.

The character of the stone surface, smooth in subgenera Rhus and
Lobadium and ± ribbed or bumpy in Toxicodendron, may be applied as
a diagnostic feature only to a limited degree, since the stones in some
\siatic species of the latter (e.g., A', vcmicijlua) are smooth.
This brief survey of the fruit characters shows that the mode of connec-

tion and/or separation of the fleshy parts of the pericarp from each other
and from the endocarp can hardly be regarded as a reliable differential

feature of the subdivisions of Rhus; however, knowledge of fruit

histology, very fragmentary and inadequate at present, may perhaps be
of primary importance for distinguishing the subdivisions and for solution
of the problem of their relationships.

Chemistry. The "wax" which occurs within the cells of the mesocarp
in Toxicodendron and Rhus (Malosma) hutrhi a is a solid fat (tallow)
composed of glycerides of fatty acids, mainly of palmitin (in larger

amounts) and olein (in smaller amounts); also a small percentage of one
or two free, dibasic, high-molecular fatty acids has been found in fat of
all the species investigated, except R. trichocarpa Map (Wehmer. 1911,
450-453; 1935, p. 175; Merck Index, p. 550). The iodine value of this

fat varies from 4 to 17 (Long. King & Sperry. p. 988). In contrast to the
mesocarp. the seeds contain a semiliquid oil (Wehmer, 1935. p. 175, for

A', succcdanca L.). Unfortunately, only a few incomplete data on the
fruit chemistry of the species of subgen. Rhus (and none for those of sub-
genera Lobadium, Thezera, and Melanococca) have been available. Thus
Reboul (p. 50) says about the oil which in the form of droplets fdls the
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cells of the mesocarp and of the seed in R. Coriaria, "L'huile de Rhus

(l , nil il m«i[m u! ton i
-3 « i.|( oleique et par 25% d'acides

gras solides, appt indu fn i <><> in tout par l'acide

palmitique." The iodine value of this oil (unf< rtunatelj a mixture of oils

of both the seeds and the mesocarp) is given b) Reboul (loc. cit., p. 52)

a S3 On MilLspau'di (p «- \) m mi i tlu nl )t -"////v" saying, "This

waxy oil ma\ be extracted from the seeds [fruits?] of this [Rhus glabra]

and other species of the genus. It will aquire a tallow-like consistence on

standing, and can be made into candle- vh h ! I rilliantly, but emit

a very annoying pungent smoke." Wiesner (p. 715) in his brief description

of the same oil points out a difference between the oil of seeds and meso-

carp (?) of fruits saying, Rhusol wurde aus den enthuTsten Samen

von R. glabm in « ,n i
Salter. I s wat tin angenehm

schmeckendes eig i
iell

! " i '
h aus den Samen-

schalen [mesocarp] urdi eb a die gl iche Menge Ol gewonnen, das

bei gewohnlicher Temperatur halbfest war." Tinally. McNair (1930, p.

49) gives some data on .-hemi-al -aid ph\ ic h1 piop-.-rii of the oil limn

"kernels" [seeds] of R. glabra. This oil belongs to the group of semidrying

oils, having an iodine value of 126.9. The big difference between the iodine

value of the oil of fruil ; in R. Coriaria (given by Reboul) and that of the

oil of seeds in R. <'//, i ..' !.' but thi- ,1. i. « apparently is due

to the fact that the iodine value of the oil in the former pertains to the

mixture of oils from seeds and mesocarp.

It is known, however, that the fats and • oil from « eds and mesocarp

may be quite differenl ( IcN; ir, 1930, pp. 48, 49; Steele, p. 38), e.g.,

Oenocarpus (Palm.K »
;md St plum ( Knphm-bnr <

,-,.) wiih oil in seeds, but

a solid fat in mesocarp. McNair's survey (1930, pp. 64-68) of the distri-

bution of fats and oils in seeds of tlv 1 ,idi i! wi-iosperms shows

that, although in n i me kind of oil
' as drying, semi-

drying, or nondrying) or fat can be chai icteristi< fi subfamily, tribe,

o/genus, there ah . i q which the species differ in this respect:

e.g.. seeds with nondrying oil or with a solid fat occur in species of Coula

(Olacaceae), Canarium (Burseraceae),
T,olvgok 'olygalaceae), while

seeds with semidrving oil or with a solid h.i '
-p (I

Laurus (Lauraceae) and Luf) (Cucurbi iceae). Apparently, similar or

perhaps more varia 1 .1 uiulihnn <;mb. v p^bdii o ,i d to the distribu-

tion of oils and fats in the mesocarp of fruits in the Angiosperms. Al-

though the chemical nature of fats and oils occurring in seeds and mesocarp

of the species of lh< Kbits complex max c< rtainly be of taxonomic impor-

I „, , J,, i \ t di bio h'Miiu >l <hn (in t! 1. gnomic significance

of this feature cannot be evaluated at present because of lack of adequate

and compatible data. Wi'cuhmvm liaidh asset i tin oli-1 iai i m>ui

pletely absent fiom il.^.i. i >'hus and I ohadmvi ^ well as Thczcra

and Melanococca.
, ,,, com mils ' oi onou (-( u, e ot the pu < k ' of toxic catechols

(Gillis, 1961, p ' i« iimed to be one of the most distinguish-

ing features of '

i . dt ndro in contrast to the nonpoisonous ' l of all
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the other groups of Rims. Four poisonous substances Identified ''as varia-

tions in saturation of the alkyl side chain in 3->/-pen1adecylcatechol" have
been mi n /.'/,</ \

( / ,> „ , ,/, ,,J on) radkans L. "The Japanese lac tree

(T. vcrnicijera) differs in poison chemistry in only one of the four poisons.

. . . There is some evidence that the chemistry of the poisons in poison
sumac is different from that of poison ivy" (Gillis, lor. fit.). While the
resin of the species of Toxicodendron has been the subject of frequent and
thorough investigations for at least several decades, there are no data
available concerning the chemical nature of the resin in any of the other
groups of Rhus. Therefore, no conclusions can be drawn on the degree of
chemical relationship of the resins in the groups involved or on the taxo-
nomic significance of this character. It is notable, however, that R.
punjabmsis Steward ex Brandis (subgen. Rhus) is still regarded as very
poisonous. "The juice of this tree is corrosive and vesicant. For this

reason it is not cut or hacked wantonly" (Chopra, Badhwar & Ghosh,
1949. p. 322).

The difference between Rhus and Toxicodendron in tannin content,
high in the former and low in the latter, is hardly of any taxonomic sig-

nificance, being of a quantitative nature only. Moreover, the leaves in R.
(Toxicodendron) succcdanca contain about 20 per cent of tannin (Chopra,
Badhwar & Ghosh, p. 323).

Wood Anatomy. The wood anatomical evidence often quoted in support
of the generic segregation of Toxicodendron from Rhus does not seem to

be unequivocal. There is no comprehensive comparative anatomical mono-
graph of the Rhus complex, and the two excellent, but brief and rather
general, wood anatomical surveys of Heimsch (1940. 1942) do not include
some important characters (e.g., nodal anatomy s

) nor provide data on
possible variations and correlations of the anatomical characters within

I' '') <>' 1
i"

«
Fine,! e) Therefore, the evaluation of these

characters is difficult, and the significance can easily be overestimated.

'"'Since the above was written, Dr. Richard A. Howard, to whom I am most grate-

by him in the course of a survey of petiolar anatomy. All of these species have a
trilacunar node. Rhus (Lobadiiua) alt > implt leaved species, has a vascular
pattern which is found in many types of simple leaves and differs from that found
in dissected or compound leaves ol the other species. No secondary tissue was de-
veloped from the cambium in this species. In two trifoliolate species, R. (Lobadium)
aromatica and R. {Toxicodendron) Toxicodendron, the median trace contributes to
t!" • "i i u

l
I- 'i i he terminal and lateral portions of the blade. In three pin-

"i'''fv multitoli<,l t [Hues . i o ( o , I', , : glabra, and R. ty-
phina) the medi in I

,, {) j t he leaflets of
the lower third of the blade, these being supplied only by the two lateral traces.
Both the lateral and median traces contribute to the supph <>l the upper leaflets, the
median alone scemim >o i,|

, i , ,|, i lfl ,in;il ,ent 1 h< amount of secondary
tissue in species win

, , i„.i , „ „nale leaves varied with (he size of the leaf.

Two iharaclcristii « nguish these pecie ot Rhus from i.llii nacardiaceous genera
studied the median mil tlu two ! leral tra< -s all (juiekh divnh into three parts, and

redevelop in the petiole.
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Thus, the presence or absence of vessel clusters in wood of the taxa in-

volved can hardly be regarded as an indisputable generic character.

This is quite evident from a summary of pertinent anatomical features

of the genera of Lauraceae, given by Stern (pp. 18, 19). Although most

of the genera of this family have some percentage of clustered vessels

which is liable to considerable variation within a genus (e.g., Aniba

Kappkri, 6 per cent; A. ovalijolia, 1 per cent; Sassafras albidum, 1 per

cent; S. Tsumu, 7 per cent), there are also genera in which species with

clustered or with nonclustered vessels do occur (e.g., Lindera communis,

1 per cent of clustered vessels; L. Benzoin, no clustered vessels; Eusi-

deroxylon Melangangai, 20 per cent of clustered vessels; E. Zwageri, no

clusters). Perhaps the pattern of vessel arrangement has a different value

in Anacardiaceae, but there are no detailed data available to test this.

It is notable, however, that at least in Rhus (Malosma) laurina the

pattern of vessel arrangement seems to be liable to variation. Thus, al-

though the vessels in the diffuse-porous wood of this species are usually

solitary or in short multiples, "one specimen, however, showed longer

radial multiples with frequent clusters" (Heimsch, 1940, p. 280). Al-

though the absence of vessel clusters in wood of Toxicodendron and the

presence of such in the species of the subgenera Rhus and Lobadium

appears to be a good diagnostic feature, especially in the limits of a regional

flora, there are no reasons at present to generalize this character, ascrib-

ing to it a generic significance.

The occurrence of resin ducts in the wood rays of some species of

subgenera Lobadium and Thezera and the absence of these in the species

of Toxicodendron may hardly be quoted in support of segregation of the

latter from Rhus, since all the species of subgen. Rhus also lack such

The occurrence of septate wood fibers in the secondary wood of Angio-

sperms is generally considered to be a good diagnostic feature, but the

significance of this character apparently varies in different families and

genera. Thus, septate wood fibers have been found by Heimsch (1942,

pp. 122, 123) in all the material of Burseraceae investigated by him (40

species in 19 genera), except two apparently misidentified specimens of

two species of Canarium. However, septate fibers have not been found in

wood of Commiphora Holziana (Metcalf & Chalk, p. 458) of this family.

In Simaroubaceae septate wood fibers are common only in Alvaradoa

and Kirkia, occurring sporadically in Ailanthus malabarica, two species of

Soulamea, in Suriana, Guiljoylia, and in Picramnia.

In the tribe Anacardieae ("Mangifereae") of Anacardiaceae septate

wood fibers have been recorded by Heimsch (1942) only in Buchanania;

however, such fibers have been found "ausserst sparlich, zwischen den

einfachen [Libriformfasern] zerstreut" by Janssonius (Moll & Janssonius,

pp. 440, 462) in Mangijera indica L. and a few other species of Mangijera

from Java. In the tribe Spondieae septate fibers have been recorded in

all the genera; in Rhoeae ("Rhoideae") in about 60 species in 20 genera

(of the total 93 species in 30 genera) of this tribe investigated by Heimsch
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(1942, pp. 139, 140). The occurrence of varying numbers of septate wood
fibers in the wood ..i Metofduiti and 'toxicodendron has l)een mentioned
by Record (1939, pp. 20 & -15 respectively) and Heimsch (1940, p. 282);
the latter also found such fibers in three of four species of Rhus subgen.
Thczera {Rhus § Ccrontogeac) investigated. Since the species of the latter
group apparently can differ in regard to the occurrence of septate wood
fibers, the question arises whether it cannot be the same in the species of
Toxicodendron. Thus. Kanehira (1921a. p. 86; 1961b, pp. 20, 21) did
not mention the occurrence of septate wood fibers either in R. (Toxicoden-
dron) succedanca or in R. (Toxicodendron) vemiciflna and did not include
Rhus (Toxicodendron) in his list of the genera in which such fibers occur
(1921a, p. 288). Since only a relatively small number of species of Rhus,
scnsu lato, have been investigated in regard to their wood anatomy and
the constancy of the occurrence of septate wood fibers in Toxicodendron
and Rhus {Thczera) is not unquestionable 1 lie taxonomic significance of
this character remains obscure at present.

1 his discussion of the wood anatomical evidence for a generic segrega-
tion of Toxicodendron from Rhus shows that the differential wood" ana-
tomical characters constituting the evidence, although they may have a
certain diagnostic value, at present appear inconclusive for the solution of
the problem.

Pollen. The difference between Rhus and Toxicodendron in shape
and size of the pollen grains is sometimes quoted in support of the generic
segregation of the latter. Thus, the pollen in Toxicodendron is mentioned
as spherical, in contrast to ellipsoidal grains in Rhus. This antithesis,
however, hardly has a real basis. According to Heimsch (1940, pp. 284,
285). the pollen grains of four Asiatic species and all but one of the
American species investigated by him were spherical. The only exception
was the largely Central and South American R. striata Ruiz & Pavon on
which Heimsch comments, -Toxicodendron striata, the tropical species
of the genus, possesses pollen which is from 4 to 8 ,, larger than pollen of
the other species. Grains are also elliptical, whereas the grains of the
other species are spherical/' However, some other data speak against
such a general statement regarding the spherical shape of pollen grains
in Toxicodendron. Concerning the pollen grains of Rhus (Toxicoden-
dron) diversiloba. McNair (1921b, p. 189) says, "The fresh pollen
grains of Rhus diversiloba are ellipsoidal with a width ^ to ^
the length

. . . When the pollen grains are immersed in N/.,KOH
they assume a spherical form.'' Also the data supplied by Ikuse (p. 100)
for three species of Toxicodendron indicate (hat, although the pollen grains
in A', vemiciflna are spherical, those in R. ambigua Lavallee ex Dippel (R.
orientalis (Greene) Schneider) and R. sylvestris Sieb. & Zucc. are at least
subspheroidal (prolate-spheroidal). On the other hand, the shapes of
pollen grains in subgen. Rims varies from ellipsoidal (Heimsch, 1940. p.
284 "elliptical"; Wodchouse. p. 332, for R. glabra) to subspheroidal or
spheroidal (Wodchouse. loc. cit., p. 333. for R. typhina). The size of
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pollen grains varies from 26 /x to 43 (53)

grains averaging 26 it are cited by Oszast, p. 2

from 27 it to 35 (37) p in 7V )
' nd t n. Vh size a iparently varies to

some degree also within the limits of a species, since the pollen grains in

Rhus (ToxkodnuLo i) nafluu n >
< I i b 'im '

<

l

> /<
'/

' r

bv Ikuse (p. 100). and 33
f
x (average) by Oszast (p. 128), those in R.

typhina have been recorded as 37.5-39 ,. In Wod< hon < (1932, ]). mo).

and 53 ti X 35 ^ by Erdtman (1943, p. 66). Overlaps in the shape and

size of pollen grains in Rhus and Toxicodendron make these characters

taxonomically insignificant.

Root Hairs. The different colors of root hairs, "generally tawny pink

or lighter" in Rhus in contrast to the "dark brown root hairs" in North

American species of Toxicodendron (Gillis, 1960, p. 28) perhaps is a good

diagnostic character (if proved constant). Its taxonomic significance, how-

Since Rhus and Toxn uieeidron essentially agree in the type of inflores-

cence and the structure of flowers and fruits, the differential characters

of the latter (axillary position of the thyrses, absence of glandular hairs

on fruits with "waxy" mesocarp, lack [constant?] of vessel clustering in

the late wood and presence [constant?] of varying amounts of septate

fibers, and, finally, poisonous properties of resin) being of at least

obscure taxonomic significance, it seems preferable at present to treat

/',-> itod'-ndron i t subgenus of Rhus.

LOBADIUM RAFINESQUE VERSUS SCHMALTZIA DESVAUX

In 1808, an article by Rafinesque appeared in which he made known

his intention to publish his -Nova Genei i Mantarum Boreali-

Americanorum." According to him this work would contain "accurate

descriptions and histories of all the new genuses and species of plants

discovered in the United States of America in«! publi I) d sin; Linmmu

as well as those which though mentioned by that great author, were by

him badly described fi 'sides a varirtv ol others T .shall re-establish

in this work about thirty new genuses, from plants already mentioned in

authors; but whicl l hav< b] ibsen l1 oi found to disagree sufficiently

from the genuses where the\ *. .
j

i
<i > oblige me to separate them

for the advantage of the science." Among thirty genera to be segregated,

Rafinesque mentioned (p. 352) "Turpinia (pubescens and glabra). Rhus

aromaticum and suaveo/ens Wild ind Mich |sic]/
,

A genus published

in this way may not be considered validly published, and the name is to be

regarded as a women provisorium. In 1813, Desvaux (p. 229) proposed

Schmaltzia as a new mm, mi 1 u>piuin n I dm.' mh me name being pre-

occupied, saying. "Si M. Rafinesque Schmaltz a reellement observe dans

le Rhus aromaticus et suaveolens des caracten i i
nt pour en consti-

tuer un genre, et qu'il i nomine Turpinia Ian i< \> dual Repertory de
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New-Yorck, et dnni j'ai donne mi apertm il y a Ion-- temps; alors il faudra
changer ce nom, et je propose celui de Scfimaltziar Thus Schmaltzia, a
new name for an invalidly published genus, is a nomcn provisorium.

In 1819, Rafinesque described the genus Lobadium, based on Rhus
aromatica and A', suavcnlrus. and this genus was validly published. Torrev
and Gray (1838) and Gray (1848-1868) apparently did not accept the
name Schmaltzia Desv. since they established the' subgenus Lobadium
(Raf.) of Rhus. Somewhat later, however, some botanists, especially the
American, used the invalid name Schmaltzia Desv. instead of the
correct Lobadium. Small (1903) apparently was the first to validate
Schmaltzia Desv.. providing it with a formal description, but including in

this genus not only the species of Lodadium Raf., but also all the Ameri-
can species of Rhus proper (sumacs), leaving in Rhus only the species of

subgen. Loxicod* i. dn»i. H.>urwr. even the validated Schmaltzia Desv.
ex Small remains illegitimate, being a superfluous name for the earlier

Lobadium, and presumably (from Small's taxonomie circumscription) in-

cluding the type species of Rhus (R. Coriaria). Greene (1905) and
Small in his later publications (1913, 1933) applied Schmaltzia in a limited
sense to the species of Lobadium Raf. Finally, in 1940, Barkley and
Reed reestablished the genus Schmaltzia Desv.

|
ex Small

|
and emended

it to include the species of Stvphonia Nutt. and Rhocidium Greene, as well
as several species previously included in Rhus. All the new combinations
made by Barkley (1940) under Schmaltzia are illegitimate, and the
species have to be transferred either to Rhus or to Lobadium (for those
botanists who interpret it as a separate genus).

CONCLUSIONS

Having reviewed the situation concerning the delimitation of Rhus,
the author has reached the following conclusions:

1) Our knowledge of the genus Rhus as a whole in regard to the in-

ternal and some external hai icters (< ..
, pubescence) is very incomplete.

The wood-anatomical and palynological data, although more numerous
than those from other fields, still are inadequate and cannot be evaluated
taxonomically at present. Only a few, often fragmentary, data on fruit

histology, biochemistry, embryology, and cytology and none on floral

anatomy, populations, and genetics have been available. More or less

careful attention to the morphology of nonglandular and glandular hairs

which occur on the vegetative, and sometimes on the reproductive, organs
of Rhus apparently has been given only by Diels (pp. 592-594, 596,
pi. 14) in his study on the adaptive evolution of the vegetative organs in

the South African species of the subgen. Thczvra {Rhus I Gcrontogeac)

.

The data on hair morphology for the species of the other subdivisions of

Rhus are scanty and have not been applied to the taxonomy of the genus.
However, the morphology of hairs may apparently be of considerable

taxonomie importance, at least in subgen. Rhus, serving not only for
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distinguishing the species but also as a criterion of interspecific relation-

ships and an evidence for natural hybridity.

2) Of the countries where at least two or three subdivisions of Rhus
occur and which, therefore, seem to be of importance for the study of

intrageneric relationships, only North America seems to have been ade-

quately explored, the species occurring here having been revised more

or less recently. No recent revision of the species of Asia, Malaysia, and

New Guinea has been available. New Guinea, a very insufficiently explored

island, seems to be of special interest, since here the subdivisions Toxi-

codendron (R. lamprocarpa Merr. & Perry), Melanococca (R. taitensis

irirll ! ind The era (h Initicellosa Lauierb h caudala L uierb nu!

R. linguata Slis) meet. Not only is the very disjunct extension of Thezera

Indo-African range remarkable, but equallv so is the

the New Guinean species of this section differ from

the continental species in some perhaps essential characters. (Unfortu-

nately, no herbarium material of the New Guinean species has been avail-

able, and the citations are taken from the specific descriptions and notes

of Lauterbach (1910, 1920) and Slis (1924). While the continental

species of Thezera possess almost exclusively 3-foliolate, rarely palmately

5-7-foliolate (never pinnate) leaves and non- or indistinctly fibrous meso-

carp and are nonscandent shrubs or trees, R. lenticellosa has been described

as a scandent shrub with trifoliolate, unifoliolate or pinnately 5-foliolate

leaves and "fibrous" mesocarp; and R. caudata is characterized as a small

tree or perhaps sometimes an "armdicke Liane" (Lauterbach, 1920, p.

362, note to LedcrnnniH 12132) with pinnate. :
/ Ululate leaves. These

differential characters of the New Guinean species seem to suggest a

greater similarity in morphology and biology between the subgenera

Thezera and Toxicodendron than that exhibited by the continental species

of the former section. Hence, study of the full diversity of the species of

the genus might prove to be very helpful for the determination of the

(as well as intergeneric) relationships and should precede

is on generic segregation, especially in the cases where the

significance of many differential characters appears to be

3) Although the interpretation of Toxicodendron, Lobadium, etc., as

subgenera of Rhus or as separate genera is a matter of personal evaluation

and opinion, the former interpretation seems to be preferable as a provi-

sional classification (until the accumulation of more adequate data on

the species of the groups involved makes possible a solution of the problem

of the taxonomic status of these subdivisions) for the following reasons:

a) Both close relationships and a considerable individuality are stressed

by granting subgeneric rank to these groups.

b) A subgeneric status does not require creation of new combinations

(except a few transfers from "Schmaltzia," which have to be made in any

case) and a consequent overflow of synonyms in the event that some re-

arrangement of the groups or a change in their subgeneric rank (e.g.,
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Lobadium to a section of subgen. Rhus, or Thrzcra to a section of subgen.

'Toxicodendron) may he I'mnul necessary by some taxonomists.

4) ]n the application of the older generic names to the new or reestab-

lished generic segregates, the International Code should be followed

strictly, and generic names must first be checked in regard to their validity.

Failure to do this has resulted in a profusion of invalid generic names

and binomials in the American botanical literature (e.g., "Scfnua/tzia

Desv.," "Malosma (Nutt.) Engl.").
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ERNST, CAPPARACEAE & MORINGACEAE

THE GENERA OF CAPPARACEAE AND MORINGACEAE
IN THE SOUTHEASTERN UNITED STATES *

Wallace R. Ernst

CAPPARACEAE A. L. de Jussieu, (

(Ca:

Annual herbs or shrubs to trees, often with strongly scented or gluti-

nous herbage. Leaves alternate [sometimes ± lacking], simple or pal-

mately compound, usually petiolate; stipules absent (or inconspicuous)

or thornlike. Hairs 1 to many celled, simple or branched, sometimes

peltate, thornlike or glandular. Inflorescences few to many flowered, usually

bracteate, terminal and racemose, or flowers solitary and axillary. Flowers

± irregular, hypogynous, with open or closed aestivation, bisexual (or

polygamous) [to unisexual, the plants dioecious]
;

perianth usually 4-

merous [sometimes tubular or ± perigynous basally, or very rarely un-

differentiated]. Sepals usually 4 [rarely 3-8], 1 (or ± 2)-seriate, ± free

or calyx lobed [or synsepalous]. Petals usually 4, free, and alternisepalous

[rarely 2, ± sympetalous, or apetalous]. Receptacle usually glandular

and often prolonged into an androgynophore. Stamens few [4 and alter-

nipetalous] to many [sometimes sterile] ; filaments filiform [or clavate]

;

anthers ± basifixed [to versatile], introrse, 2-locular at anthesis, dehiscent

longitudinally; pollen usually 3-colporate and ± prolate. Gynoecium

syncarpous, 2[-8]-carpellate, usually on a gynophore; stigma ± capitate;

style obsolete to long-filiform; ovary l-(2-)[or more]-locular with 2 [or

more] parietal [or rarely central] placentae; ovules few [1] to many,

campylotropous, 2-integumented [sometimes with an inner layer of

tracheary elements]. Fruits siliquiform [to siliculiform] , dehiscent by 2

valves to indehiscent [sometimes ± baccate or inflated] . Seeds usually

many [or 1], folded or ± coiled, sometimes ± arillate; endosperm scanty;

embryo curved [to variously convoluted]. (Capparidaceae of authors.)

Type genus: Capparis L.
1 Prepared for a generic flora of the southeastern United States, a joint project

of the Gray Herbarium and the Arnold Arboretum made possible through the support

of the National Science Foundation and of George R. Cooley and under the direction

of Reed C. Rollins and Carroll E. Wood, Jr. This treatment follows the style estab-

lished in the first paper of the series, Jour. Arnold Arb. 39: 296-346. 1958, and that

of similar papers appearing through Volume 43. The area covered is bounded by and
includes North Carolina, Tennessee, Arkansas, and Louisiana. The descriptions apply

primarily to the plants of this area, with supplementary information in brackets.

References not verified by the author are marked with an asterisk. In the presenta-

tion of this synopsis, the author has benefited from the technical assistance and advice

of Dr. Caroline K. Allen, Dr. George K. Brizicky, Dr. Robert C. Foster, Dr. Richard

A. Howard, Dr. Hugh H. litis, Dr. Lily M. Perry, Mrs. Lazella Schwarten, and Dr.

Carroll E. Wood, Jr. Mrs. Gordon W. Dillon has helped materially in the preparation
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Perhaps 45 genera and 450-1000 species, mostly of open, drier, tropi-

cal to temperate regions, well developed in America and Africa to altitudes

of about 2000 m. About 20 genera may be monotypic: eight to twelve

genera are indigenous to North America; two genera, including about ten

species, occur in our area.

Eight subfamilies, four monogeneric and three of these monotypic were

recognized by Tax & Hoffman, with the bulk of the species seeming to

fall into two worldwide groups. About two-thirds of the species (com-

prising subfam. Capparoideae, with four tribes and 25 genera) tend to

be ± woody with simple leaves and | :
indehiscent fruits. Nearly a third

of the species (co iiu n) i m I n .1* te Pax in Kngler & Prantl,

largely American with pnhap> 12 uenera ) tend to be herbaceous with

palmate leaves and dehiscent fruits. The remaining six subfamilies include

only eight genera and nine species, primarily of the Old World.

The alternisepalous petals, the nature of the receptacle (often variously

glandular and frequently prolonged into an androgynophore and/or gyno-

phore), and the folded or ± coiled seeds aie m
i

< m ,
I

, ,, u ,<

the family; in many species tin- herbage is ill scented. Branched sclereids

occur in the leaves of some taxa (Yesque), while a layer of tracheary

elements is found in the seeds of some others (Orr). Idioblastic cells

containing the enzyme myrosin have been identified in Capparaceae,

Cruciferae, Resedaa i< Momu . , ,.
,

.< More or less

similar valvular fruits with persistent, parietal placentae are found in

Papaveraceae, Fumariaceae, and Cruciferae. While perhaps closest to

those of Cruciferae, the flowers of Capparaceae. sometimes with septate

or plurilocular ovaries, are usually bracteate, and the stamens are not

tetradynamous. The pollen of Capparaceae is commonly tricolporate and

± prolate (verified in about IS genera), but variable in size; pollen of

Capparis cynophallophora, about 46
}
i in length, is three times that of

Cleome erosa. The pollen of Moringaceae, Yovariaceae, and Resedaceae

is ± similar, that of 1'apaveraceae and Cruciferae less so (Knltman).

The nature of floral aestivation (whether open or closed) and the com-

plete or periodic sterility of either stamens or gynoecia (perhaps more

widespread than generally realized, lunclioually unisexual (lowers having

been observed in ten genera) are of interest; dioecism occurs in two or

three genera. Periodicity of anthesis, whether diurnal or nocturnal, may
be important in some groups. Birds (including hummingbirds) and pos-

sibly bats, in addition to many kinds of insects, are suspected pollinators.

The family is morphologically and taxonomically complex with little

agreement concerning relationships, especially in regard to the sections

of Capparis and the segregates from Clconic. Moringaceae Dumortier,

Koeberliniaceae Engler in Engler & Prantl, and Tovariaceae Pax in Engler

& Prantl, monogeneric taxa of uncertain affinities, are sometimes placed

with Capparaceae. Occanopapaver Ouillaumin. of New Caledonia, de-

scribed in Papaveraceae, probably is better included among Capparaceae.

Capparaceae arc poorly known cytologically. Chromosome numbers of

2« = 16, 18, 20, 22, 24, 26. 28, 30, 32, 34. 38, 40, 70, ca. 84, ca. 85, and
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140 are reported. The unusual view

Nutt. ex Torr. & Gray is haplodiploj

Capers commonly are the pickled flower buds of Capparis spinosa,

although apparently portions of other taxa also are pickled. A few species,

including Cleome gynandra, are eaten as potherbs and some are claimed

to be medicinal or sometimes poisonous, occasionally with references to

anthelmintic or insecticidal properties; a number of insect galls are known
(Pax & Hoffman), however, and specimens are frequently riddled. Many
species have attractive flowers, but only a few, especially of Cleome, are

cultivated.

Baillon, H. Capparidacees. Hist. PI. 3: 145-180. 1872. [See English transla-

tion by M. M. Hartog, Nat. Hist. PI. 3: 144-178. 1874; medicinal and
poisonous properties, 167-170.]

Bentham, G., & J. D. Hooker. Capparideae. Gen. PI. 1: 103-110. 1862.

Billings, F. H. Some new features in the reproductive cytology of Angio-

sperms, illustrated by Isomeris arborea. New Phytol. 36: 301-326. 1937.

[See Sachar and Snow.]
Briquet, J. La dehiscence des cahces capsulairc-, chez les Capparidacees. Arch.

Sci. Phys. Nat. IV. 36: 534-548. 1913.

. Sur l'organisation et les affinites des Capparidacees a fruits vesiculeux.

Bot. Jahrb. 50(Suppl.): 435-448. 1914. [Isomeris, Buhsea.]

Candolle, A. P. de. Capparideae. Prodr. 1: 237-254. 1824.

Cristiani, L. O. Anatomia del leho secundario de las Caparidaceas argentinas.

Revista Inst. Municipal Bot. Buenos Aires 1: 39-55. pis. 1, 2. 1961.

De Wolf, G. P. Notes on African Capparidaceae : III. Kew Bull. 16: 75-83.

1962. [Comments on generic relationships.]

Eggers, O. tiber die morphologische Bedeutung des Leitbiindelverlaufes in den

Bliiten der Rhoeadalen und tiber das Diagramm der Cruciferen und Cap-

paridaceen. Planta 24: 14-58. 1935.

Eichler, A. W. Capparideae, Cruciferae, Papaveraceae, Fumariaceae. In:

Martins, Fl. Bras. 13(1): 237-344. pis. 54-68. 1865.

. Ueber den Bliithenbau der Fumariaceen, Cruciferen und einiger

Capparideen. Flora 48: 433-444, 449-460, 497-508. 1865.

Endlicher, S. Capparideae. Gen. PI. 889-895. 1840.

Gilg, E., & C. Benedict. Monographische Zusammenstellung samtlicher Cap-

paridaceae des tropischen und subtropischen Afrika. Bot. Jahrb. 53(1/2):
144-274. 1915; ibid. 452-454.

<.oMi '
t ( uiidai 'i i: una LiMn,* Zh: 'i 3 11 1 pi 1953. [System-

atic study].

Gray, A. Capparidaceae. Syn. Fl. N. Am. 1: 180-187. 1895.

Hadj-Moustapha, M. Organogenese de la fleur axillaire chez quelques

Capparidacees. Compt. Rend. Acad. Sci. Paris 246: 2390-2393. 1958.

Hegnauer, R. Die Gliederung der Rhoeadales sensu Wettstein im Lichte der

Inhaltstoffe. PL Med. 9: 37-46. 1961.

Heinricher, E. Die Eiweisslauche der Cruciferen und verwandte Elemente in

der Rhoeadinen-Reihe. Mitt. Bot. Inst. Graz 1(2): 1-92. pis. 1-3. 1888.

[Capparis, Cleom Eschscliohia Idlum, or\<< I enera ot Cruci-

ferae.]
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Iltis, H. H. Capparidaceae of Nevada. Contr. Fl. Nev. 35: 1-24. 1955.

[Cleome, Cho.n.Uu » \u\h . i'nla.u ,„ \l s// < ,/„,
|

. Studies in the Capparidaceae II. The Mexican species of Cleomella:

taxonomy and evolution. Madrono 13: 177 IS 1

). 1<JM. [Suggests perennial

habit sometimes derived] ; III. Evolution and phytogeny of the western

North American Cleomoideae. Ann. Missouri Bot. Card. 44: 77-119. 1957

[Cleome, CleotntUu >, m' i) m/, , ,,;,/ !
>il .ho-iraphy

]
; V. Capparidaceae

of New Mexico. Southw. Nat. 3: 133-144. 1959.

Jacobs, M. Capparidaceae. In: C. G. G. J. van Steenis, Fl. Males. I. 6(1):

61-105. 1960. [Includes biological notes and literatun citations.]

Mauritzon, J. Die Embryologii eini r i pparidaceen sowie von Tovaria

pendula. Ark. Bot. 26A(4, no. 15): 1-14. 1935.

Norris, T. Torus m,,n.,ip md nectar) characteristics as phylogenetic criteria

in the Rhoeadales. Am. Jour. Bot. 28: 101-113. 1941. [Thinks Resedaceae

and Capparaceae most primitive of existing Rhoeadales.]

Orr, M. Y. The occurrence of tracheides in the nucellus of Steriphoma cleomoi-

des, Spreng. Notes Bot. Card. Edinb. 12: 241, 242. pi. 166. 1921.

. The occurrence of a tracheal tissue enveloping the embryo in certain

Capparidaceae. Ibid. 24') .'5 7.
|

<') genera. 20 spp.]

. Observations on the structure of the seed in the Capparidaceae and

Resedaceae. Ibid. 259, 260. pi. 168. [Similar seed structure.]

Pax. F. Beitriure zur Kenning der t'appand.u e..e. Hot. Jahrb. 9: 39-69. pi. 2.

1887. [Broad coverage of family.]

. Capparidaceae. Nat. Pflanzenfam. III. 2: 209-236. 1891.

& K. Hoffmann. Capparidaceae. Nat. Pflanzenfam. ed. 2. 17b: 146-223.

1936. [Basic reference.
]

!'
i

I
1' 1 i hi <i<u no.ni. Kinipini r[t I i ilt in ? vols. Masson, Paris.

1857. [Capparidees, 201-208, pis. 41-43; Cleome, Polanisia; centrifugal

mi n in . iippan , i binosn
|

Pestalozzi, A. Die Gattung Boscia Lam. Bull. Herb. Boiss. 6( Append. 3):

1-152. pis. 1-14. 1898. [Key, bibliography.]

Pure, V. Studies in the floral anatomy. 111. On the origin and orientation

of placental strands. Proc. Natl. Acad. Sci. India 15(3): 74-91. 1945.*

. Studies in floral anatomy. VI. Vascular anatomy of the flower of

Crataeva religiosa Forst., with special referem \o tin nature of the carpels

in the Capparidaceae. Am. Jour. Bot. 37: 363-3 70. 1950. [Critical of In

carpellary theory but finds carpels spirally arranged; suggests parietal

placentation derived from axile.]

Raghaven, T. S., & K. R. Venkatasibban. Studies in the Capparidaceae. V.

The floral morphology of Crataeva religiosa Forsf. Beih. Bot. Centralbl.

60(A): 388-396. pi. 8. 1940a. [References to earlier papers; see also ibid.

397-416. pis. 9. 10. 1940b; Proc. Indian Acad. Sci. B. 13: 109-128. 1941,*

and ibid. 23 5-243.*]

Rao, V. S. Studies on Capparidaceae. I. The embryo-sac of Maerua arenaria

Forsk. Jour. Indian Bot. Soc. 15: 71-75. 1 pi. 1936.

Sabnis, T. S. The physiological anatomy of the plants of the Indian desert.

Jour. Indian Bot. Soc. 1: 65-83. 1919. \Cadaba. Capparis, Cleome.']

Sachar, R. C. The embryology of Isomeris — a reinvestigation. Phytomor-

phology 6: 346-363 1956. |
Bibliograplr ee ilso l'h\ tomorphology 3:

446-459. 1953, Curr. Sci Bangalore 23: f.l 63 1954.*]

numbers of California plants, with notes on some
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cases of cytological interest. Madrono 15: 81-89. 1959. [Isomeris arborea,

In = 40.]

Stout, H. N. The floral morphology of some of the Cappandaceac. Am. Jour.

Bot. 28: 664-675. 1941. [Thinks the carpels are dimorphic and in 2 series.]

Vesque, J. Essai d'une monographic anatomique et descriptive de la tribu des

Capparidees. Ann. Sci. Nat. Bot. VI. 13: 47-135. pis. 1, 2. 1882. [Broad

naturahs. Pars prima. Folia Capparearum. 10 pp. pis. 1-77. Vincennes.

1889. [In French; vegetative features of 15 genera, 132 spp.]

Woodson, R. E., Jr., & R. W. Schery. Capparidaceae. In: Flora of Panama.

Ann. Missouri Bot. Gard. 35: 75-99. 1948.

Key to the Genera of Capparaceae

General characters, herbs, shrubs, oi small trees; leaves alternate, simple

or palmately compound, often ill scented; flowers bisexual (or polygamous •

hypogynous; sepals -I lior 2) senate; petals /, alteruisepalnus; receptacle often

glandidar; stamens ' , to n m -. ••ten inserted on an androgynophore; ovary

l(or 2)-locular with 2 pan placentae, often inserted on a gynophore;

fruit siliquifonn d hisccnt by 2 valves or ± indehiscent; seeds usually folded

A. Leaves simple, coriaceous; fruits ± indehiscent; shrubs or small trees of

coastal Florida 1. Capparis.

A. Leaves compound, 3 (or more)-foliolate; fruits 2-valved and dehiscent;

usually annual herbs 2. Cleome.

Subfam. CAPPAROIDEAE

1. Capparis Linnaeus, Sp. PI. 1: 503. 1753; Gen. PI. ed. 5. 222. 1754.

Shrubs or small trees [sprawling or climbing], glabrous or with simple

or lepidote [or stellate] hairs. Leaves simple [very rarely also 3-parted,

or plants ± leafless] Flowers few
|
axillary or extra-axillary; sometimes

resupinate] to man ledicellate usually bracteate, in terminal, ± race-

mose [or various] inflorescences. Sepals ± free, appearing 2-seriate [rarely

the outer pair connati oi cal) i 4-lobed]. Petals broad [the upper pair

sometimes with adjacent glandular regions]. Receptacle gland ± disclike

[or membranaceous
j

, sometimes J lobed opposite the sepals. Stamens

few to many, radiating; androgynophore very short or absent. Gynoecium

on a long gynophore; stigma ± sessile; ovary 1 (or 2)-locular with 2 parie-

tal placentae [to several locular] . Fruit narrowly elongate, siliquiform

[to baccate], ± indehiscent; seeds few to many, =fc coiled (or irregular).

Lectotype species: C. spinosa L.; see Britton, N. Am. Trees 405. 1908.

(The classical Latin name of the caper, from Greek, kapparis, perhaps

derived from Persian, kabar, the caper.) — Caper.

About 150-350 species, usually of coastal vegetation but to altitudes of

1700 m., through tropical and subtropical America, Africa, and south-

eastern Asia; two species occur in coastal Florida.

De Candolle divided Capparis into six sections (five native to the New



86 JOURNAL OF THE ARNOLD ARBORETUM [vol. xliv

World), placing our two species in different sections. Pax and Hoffmann

recognized fourteen sections (nine New World) and included both of our

species in sect. Cynoimiau.a (with about 15 20 species distributed from

Florida to South America). Cappans cynophallophora L.. 1753 (C. jamai-

ccnsis Jacq.) (§ Quadrella DC. subg. Quadrclla (DC.) Eichl.), Jamaica

caper tree, In — 18, occurring from subtropical peninsular Florida to

South America, is lepidote (the scales probably equivalent to stellate

hairs) on the pedicels, sepals, petals, gynoecia. and the lower surface cf

the leaves. The buds are quadrangular, \ acute, and the seeds are ±
coiled with the hypocotyl free of the cotyledons. Capparis flcxuosa L.,

1762 (C. cynophallophora L., 1759) ($ Cvnophal/a DC. subg. Cynophalla

(DC.) Eichl.), bay-leaved caper tree. occuirim>. irom balm Beach County,

Florida, southward through the Florida Keys to M»uth America, is glabrous

and with globose buds. The seeds (possibly exceptional in the family)

are ± ellipsoid with the embryo -|- straight, but the oblique, imbricate

cotyledons enfold (and conceal) the hypocotyl. Both species (with dis-

tinctive inflorescences, buds, sepals, receptacle glands, fruits, and seeds)

have conspicuous!) elongate fruits and were described at different times

y Linnaeus as C~ cynophallophora (see Fawcett & Rendle) ; 1 ater authors

ometimes have mistakenly reversed the names. The sectioris to which

ur species should lie referred cannot be determined without a re visionary

tudy of the genus.

The fruits of Capparis are either globular, with two to several placentae

(sometimes plunlo •[ Hdh' ii md ii i
* "f >

oh

centae (and one- or two-locular). A conspicuous seplum is formed in the

two-locular ovaries of C. flcxuosa, but in C. cynophallophora the septum

is absent, inconspicuous, or possibly discontinuous. Tn
k

'C. horrida'' the

fruits are unilocular when voiine: bin iom locular when older; jn "C.

galeata," the eight septa are free or united centrally (Rao). The initially

one-locular fruits of Cratcva L., a related genus, are divided by a double-

layered proliferation from the placentae until the time of fertilization, but

as the ovules mature and the ovary increases in size, this septum is rup-

tured (Raghavan & Yenkatasubban. 1940a. b). The median carpellary

bundles of the multilocular fruits of C. spinosa are absent (Eggers), sug-

gesting that multiplacental fruits of Capparis, as in some Papaveraceae,

are possibly more specialized than two-placental fruits which have well-

developed median carpellary veins.

On the basis of wood anatomy. Cristiani placed Capparis at the end

of the series (Iconic, Cratcva, Mamisquca. De Wolf, in agreement with a

brief comment by White, makes the interesting suggestion that American

species of Cappat ngeii ith.il < i pedes, C. spinosa,

In = 38, ca. 84, a straggling shrub of the Old World with resupinate

flowers. Little is recorded concerning floral biology, but in Israel, (lowers

of C. spinosa open in the early evening and wither by the next afternoon;

many flowers have rudimentary ovaries; when ripe, the fruits burst open.

Juvenile leaves and sterile (wigs are sometimes different from dowering

branches and should be noted by collectors.
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Chromosome numbers have been reported for only a fev

= 18, 30, 32, 38, 40, ca. 84, ca. 85. Chromosome counts of ou

determined from our area, would be d rable

Under family rcfc i nee ce Di \\<ui Eggers Eichlkr J\cobs, Orr, Payer,

Curtis, W. Capparis spinosa. Bot. Mag. 9: pi 291. 1795.

Fawcett, W., & A. B. Rendle. Notes on Jamaican species of Capparis. Jour.

Bot. 52: 142-144. 1914. [Synonymy of C. flexuosa and C. cynophallophora.']

Hadj-Moustapha, M. Phyllotaxie des rameaux plagiotropes chez le Capparis

spinosa L. Compt. Rend. Acad. Sci. Paris 246: 304-306. 1958.

Hooker, ). D. Capparis flexuosa. Bot. Mag. 118: pi. 7248. 1892.

Hooper, D. Some Persian drugs. Lew Bull. 1931: 299-344. 1931. [C. spinosa,

307.]

Ivanov, V. V. Capers [Capparis]. (In Russian.) Priroda Moscow 1960(8):

103. I960.* [Chiefly ecology.]

Jafri, S. M. H. The genus Capparis in W. Pakistan, Afghanistan and N. W.
Himalaya. Pakistan Jour. Forestry 6: 191-202. 1956*

Kuhn, E. Zur Frage der Querteilung der Chromosomen in der somatischen

Prophase von Capparis spinosa Ber. Deutsch. Bot. Ges. 46: 682-686. 1928.

[

•
, vm.phallophora, In = 18.]

Ponte, R. V. Olivo. Agr. Venez. 9(107/108): 42, 43. 1945.* [C. flexuosa for

reforestation and oil]

Radlkofer, L. Ueber einige Capparis-Axtea. Sitz-ber. Akad. Wiss. Munchen

14: 101-182. 1884; ibid. 17: 365-422. 1887.

Rao, V. S. Studies on Capparidaceae — III. Genus Capparis. Jour. Indian

Bot. Soc. 17: 69-80. 1938.

Sargent, C. S. Capparis. Silva N. Am. 1: 31-34. pi. 19. 1891. [C. jamaicensis

(= C. cynophallophora) to 20 ft. tall.]

Vaidya, P. B. Occurrence of twin embryo sacs in Capparis aphylla Roth. Curr.

Sci. Bangalore 30(5): 187, 188. 1961.*

White, F. Two new combinations in Maerua Forsk. Bol. Soc. Brot. II. 32:

33-35. 1958. |

Comments on Capparis, 33.]

Zohary, M. The species of Capparis in the Mediterranean and the Near

Eastern countries. Bui. Res. Council Israel D. 8: 49-64. 1960. [6 spp.]

Subfam. CLEOMOIDEAE Pax in Engler & Prantl

2. Cleome Linnaeus, Sp. PL 2: 671. 17S3; Gen. PL ed. 5. 302. 1754.

Annual [to perennial] herbs, often pubescent, glandular, and ill scented,

sometimes thorny. Leaves palmately compound [or simple]. Flowers in

terminal inflorescences (or axillary); aestivation closed or open. Sepals

dh free 1 -seriate, sometimes imbricate in the buds. Petals usually clawed,

somelimes dissected. Stamens 6 [or 4] to many, often inserted on an

androgynophore. Receptacle gland various. Style distinct or indistinct;

ovary 1-locular with 2 placentae, usually on a gynophore; flowers bi-

sexual, sometimes 9 -sterile or polyg; nous Fru isually siliquiform

[to siliculiform], 2-valved, sometimes ± sessile; dehiscence ± acropetal

and usually complete or basipetal (or lateral) and often incomplete.
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Seeds few to many, ± folded and orbicular to -! roiled, sometimes ±
arillate. (Gynandropsis DC, Neocleome Small, Pcritoma DC, Physostc-

mon Mart. & Zucc, Atalanta Nutt., Polanisia Raf., Aldenella Greene,

Cristatella Nutt.); Lectotype species: 2 C. ornithopodioidcs L.; see

Hitchcock & Greene, in Int. Bot. Congr. Cambridge 1930. Nomencl.

Propos. Brit. Bot. 172. 1929. (Latin name of some mustard-like plant;

applied by Linnaeus to this genus, which Tournefort called Sinapistrum;

perhaps derived from Greek, kleio, to shut up or inclose.)

Perhaps 200 species, mostly of open or disturbed habitats through the

tropics and subtropics, a few of cooler areas, concentrated in America and

Africa. About three to five species ire ini igenous to our area and about

six arc introduced.

Section Gynandropsis ( DC R . 1 1
• »nogonia R. Br.;

subg. Gynandropsis (DC.) Schultes & Schulles), lending to have the recep-

tacle prolonged into an androgynophoo f 1 k l.'< I i hort and thick, the

valves of the fruits inconspicuously veined and without prominent median

vein, and the dehiscence of the valves ± acropctal and usually complete,

is represented with us by at least three species, drome gynandra L.

(Gynandropsis gynandra (L.) Briq.), In = 30, 32, 34, with prominent

androgynophore, a pantropic weed probably of Old World origin, is

reported in the Coastal Plain of our area and in Bermuda; C. spinosa

Jacq. (Neocleome spinosa (Jacq.) Small

)

DC § Hcrbaceac

Pax in Engler & P anil / leom () Kami c i i Post & Kuntze). spider-

flower, In = 20, 24, 38, 70, 140, pubescent and with thornlike stipules

and epidermal outgrowths, neotropical in origin, has been collected in each

state of our area with the apparent exception of Alabama; C. speciosa

HBK. :! {Gynandropsis speciosa (HBK.) DC, G. Tracyi Briq.), closely

resembling C. spinosa but glabrat< i i I withoul thorns, may occur as an

escape from cultivation. Cleome scrrata Jacq. (Xeodeome scrrata (Jacq.)

Small), native to the West Indies but reported from Georgia by Small, may
belong to this section. The flowers of C. gynandra, C. speciosa, and C.

2 Robert Brown (1826, p. 222), critical of the generic status ol (gynandropsis

segregated by De Candollc from Linnacan species of Chome, remarked that C.

pentaphylla L. [ C. gynandra L, Gynandropsis gynandra (L.) Briq.] was the

earliest known species of Cleome and the one on which the genus was chiefly con-

stituted; this could be looked upon as designation bv Brown of the lectotype species

Of Cleome. The same taxon was chosen as ledoivpe bv Billion S: Brown (Illus. Fl.

No. U. S. ed. 2. 2: 196. 1913). Hitchcock & Ibven agreed that C. gynandra is un-

doubtedly the type species of Cleome but selected C. ornithopodioides as a new lecto-

type because C. gynandra is regard 1 r Hi i > ii ti mi > uidropsis, now con

served; previously houi\i ih . ( > ropsis had not been

dc i t 1 In this instance, the complication- i me work of Cleome,

8 The correct name for this taxon, which may be only a smooth form of Cleome,

spinosa, is uncertain. The description of C. spcriosa R.e . 1817, based on a plant,

less based upon a different holotype than C. speciosa HBK, 1821, described from
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spinosa open in the evening. All of the above species are more frequent

south of our area.

Section Polanisia (Raf.) Baill. (Polanisia Raf., Polanisia § Eupolanisia

Endl., Cleome subg. Polanisia (Raf.) Schultes & Schultes; including Cris-

tatella Nutt, Aldenella Greene), without prominent androgynophore, with

the gland of the receptacle usually adaxial and ± columnar, the style

narrow and elongate, the ovary often broad, the valves of the fruits

coarsely veined and usually with a distinct but incomplete median vein,

and the dehiscence of the valves basipetal and usually incomplete, is repre-

sented with us by at least four species. The styles often are filiform, fragile

in fruit, and frequently missing from herbarium specimens, but are neither

articulated nor deciduous. Cleome graveolens (Raf.) Schultes & Schultes

(Polanisia [§ Brachystyla DC] graveolens Raf.; P. dodecandra (L.) DC.
sensu litis, not Cleome dodecandra L.), clammyweed, with relatively broad

leaflets, occurs from Mexico to Canada but is collected infrequently in our

area. litis (1958) included in this species both C. trachysperma (Torr. &
Gray) Pax & Hoffmann (Polanisia trachysperma Torr. & Gray, P. dodecan-

dra subsp. dodecandra var. trachysperma (Torr. & Gray) litis), and C.

uniglandulosa Cav. (P. dodecandra subsp. uniglandulosa (Cav.) litis)

(Polanisia § Stylaria DC), the latter with styles to 4 cm. long, occur-

ing to the west and south of our area.4 This complex of taxa is seen by
litis as a morphological continuum which tends to diminish in flower

size from south to north. Cleome Aldenella W. R. Ernst 5 (Polanisia

§ Aldenella (Greene) litis), with linear leaflets and fruits, occurs in

the coastal plain of Georgia, Florida, and Mississippi. Cleome erosa

(Nutt.) Eaton (Cristatella erosa Nutt., Polanisia erosa (Nutt.) litis

subsp. erosa) (Cleome
\ Cristatella (Nutl ) B ill Polanisia § Cristatella

(Nutt.) litis), with linear leaflets and distincti J i d, laciniate petals,

primarily of Texas, is reported from central Louisiana. The closely

related taxa treated as Polanisia erosa (Nutt.) litis subsp. breviglandulosa

litis and P. Jamesii (Torr. & Gray) litis (Cristatella Jamesii Torr. &
Gray) occur west of our area; combinations in Cleome are not avail-

able for these two taxa. Cleome viscosa L. (Polanisia viscosa (L.)

DC.) (Polanisia § Brachystyla DC, ^ Ranmani; < I mil _ . >0. a

pantropic weed of Old World origin, with broad leaflets, eight to many
stamens (sometimes with clavate filaments), androgynophore and gyno-

phore essentialh bsenl i inl oduced in Pin< I ounty, Florida, in

Bermuda, and south of our area. Cleome rutidosperma DC. (C. ciliata

Schum. & Thonn. [see litis, I960]) (Cleome § Siliquaria (Forsk.) DC, §

Herbaceae Pax in Engler & Prantl, § J\i>; ,*',••, n,,i u ) mill in

determinate growth, axillary flowers, and dehiscence of the valves ± lateral

and incomplete, is an Old World species introduced in Orange and Palm

4 Nomenclatural combinations i le for Cleomt 1 1 achysperma and
i

i

i i ( graveolens.
5 Cleome Aldenella, nom. nov, based on Polanisiu tenuijolm Toi r & Gray, Fl. N

Am. 1: 123. 1833 ( Udenella tenuifolia (Torr. & Gray) Greene, Pittonia 4: 212.

1900); not Cleome tenuifolia (Mart. & Zucc.) litis, Brittonia 11: 161. 1959.
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Beach counties, Honda, and soul h of our area; it is somewhat similar to

C.aculcatal ( d > undo d m > mi oilo i ad in some respects

resembles members of sect. Polanisia. ('Iconic diffusa Banks ex DC. (C.

aculcata var. rf/'#//.s77 (DC.) 0. Ktze.), of tropical America, was collected by

Mohr on ballast at Mobile, Alabama, in 1893 (litis).

The taxonomy of Clcomc is unsettled, with radical disagreement as to

the composition of sections and of segregate genera. Of particular concern

in our area is the status of sect. Polanisia. De Candolle separated the

Old World taxa of Clcomc with more than six stamens as the genus

Polanisia, thus including among them C. viscosa; C. gynandra, having

six stamens but with a nnb[m i H, i ol i o mil gynophore, was

placed in the genus Gynand i I d ing a broad view of the

Cleome complex Pax tv I lolTmann ( leomi but sepa-

rated Isomcris, Gynandra psis, Crist at clla, and Physostcmon (see also

Pax, 1891). In contrast. litis would reduce Isomcris, Gynandropsis, and

Physostcmon to Clcomc but would separate Polanisia, restricting the last

to North American species and including Crisiatdla. (See litis, 1957, for

presumed relationships ot Clcomc, ( U o <'< N ' hi and Oxystylis)

.

litis emphasizes that the indigenous North American species of sect.

Polanisia are highly specialized and that their closest affinities are with

Old World species of Clcomc, rather than with other New World species.

Our species of sect. Polanisia recall in some respects, however, Clcomc

§ Physostemon (Mart. & Zucc.) Benth. & Hook., of the New World, as

well as C. arabica L. and (
> >i I both of sect Ciiomi (§

Hcrbaccae Pax in Engler & Prantl, $ Eudcomc 0. Kuntze in Post &
Kuntze), of the Old World. A logical means of separating at the sectional

level the indige] I nerican species of sect. Polanisia from

Clcomc viscosa, on the one hand, and from C. ornithopodioides, on the

other hand, is not readily apparent. Recognition of Polanisia as a genus

and its restriction to indigenous North American species rests heavily on

i mu' >\ Ik r'Pi margin ill i i flln ipe\ of the receptacular

gland, and, in large measure, on the identity of the lectotype species.

'''

In presenting Pohinisia a, a

described /'. v,raveolens but slat

candra L.; lie also stater! that h:

called C. dodnandra. The mean

litis (1054, rt seq.) concluded that Cleo:

our nubia non / •/,< ,/ ui \ ,<l , .ml h

/'. dodecandra (I..) DC, which De Candc

P. xravadeiis. By way of a poor photo^ra

plant with "HI'. 12andr." b

Upsala from seed:, gathered in
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For insight into the confusion surrounding She interpretation of Polanisia

Raf., see Britton, Greene, House, and litis.

Polygamous or $ -sterile flowers and the consequent intermittent pro-

duction of fruits ire a n picuou in th< infloi :n of several species,

among them Clcom pains, mil ( <,<>uilt i imn i -10
j

, <<ni r

the flowers on some plants of C, rutidospcrma are $ -sterile (Johnson &
Seng). Woodson recommends retaining i mndra vhich he considers

hermaphrodite, in ('Iconic and Imnsfen in<>: lh< monoecious species of

Gynandropsis to Poda/idro^ync Cocke, of South and Central America.
Sexuality in the Cleomoideai appears variable and requires further investi-

gation, i \v i ndi in
i

foi an udn \ iv phm nd 01 iiophorc is chm
acteristic of the family, but these structures seem to be unreliably variable

in length, becoming conspicuous, in many instances, only with the matura-
tion of the fruits.

The cytological information is fragmentary and usually poorly docu-

mented. Chromosome numbers of In ... 18, 20, 22. 24. 30. 32. 34,' 38, 70,

and 140 are reported. Documented chromosome counts for the species

in our area would be welcome.

' tidei i rniiK i
•! rena see fi ris ( 1957), Orr, Payer.

Bessey, C. E. Xotes on spider-flowers. PL World 10: 20S, 209. 1907.

Britton, X. L. New or noteworthy North American phanerogams — VII. Bull.

Torrey Bot. Club 2ih 2 7 7-2S2. 1S93. [Jacksonia Raf. can apply only to the

Asiatic (Ironic dodecandra L., 277.]

. Professor Greene and J,n I soiiia and Polauisi,, En thea 2: 67, 68. 1894.

Brown, R. Botanical Appendix. In: Denham, D., & H. Clapperton, Narra-
tive of travels and discoveries in northern and central Africa . . . xlviii +
335 pp.; Appendix, i, ii 4- 269 pp. pis., map. London. 1826. [Capparaceae,

0|> V '
i i mi i . ii! , m ( , .-/,// di >fs ,,,,". ,i ,, |

I'" 111
' i'

> - )|m> iie dI imli.n in act, van. m n. doner buds.]

1 ni i,i did ,m m <K ,, dt ul m ,:,,i,i ,',',,!,„,, ,
1

1 imJ 1753) which taxon
)u: intended to name Cleome dodecandra, for which ho pave the habitat as "in

Indiiis." The primary reference, to his original description in Flora Zeylanica (p. 109,

pi c i, ' '
I ) i in i

'
i in i f ,i ... lit tt in ii i i _r, . 1 (i, . iiulhiii The

other references include a plate {"Burnt, zeyl. 212. t. 11. /. 1") possibly referable to

ably of C. serrata ]u>\ ho n i. II i (I" i ill. hum ,
- l„ ,,,,,,, !

lunntl (i ,i i i i , \ . p « i I l,ii

tions in Flora Zeylanica, and not in the Linnaean herbarium. According to Trimen
i [on, ! no i, _ 1 , ) ,1k h mil mn h, ,1 ni on n< m Hi. linli !

Museum (Xatuial Hi toi\ ) tmiii ol mn, .ohnu, n ptm mi m.Iiiiih ot

drawings, colluttd m di ,ui in t Ion bin <n< lu.li.i" ,il , on. \ohim'.
[
dj i -(

i ulu Ud ,n ( I ii i i , ii [Inn t ull i <| in in fn 1 in, it n lit t. |ii i in

the species ol I l(in ' ,, \ nil llu fit iniini i il [ 146), the item cor-

responding to spU „ I

1
( t [( ,l ,, 1, | 1 | „l ii[on )!,],(/ , /

candra is based) is
, ,h iuOj um,l, T, m n idtnOlud i

'( - 1 < osa L., var." This
drawing should be taken as the type ol C dodecandra I The equation of the

American Polanisia era n;/nn Raf with tin , n< how, , , f , ppi „
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Foster, R. C. A synopsis of Physostemon Mart. & Zucc. Contr. Gray Herb.

155:55-60. 1945. [ Cleome § 'Physostemon.~\

Franchet, A. Sur les Cleome a petales appeiulu iiles. Jour. Bot. Morot 1: 17,

Gray, A. Capparidaceae. Gen. PI. U. S. 1: 171-183. pis. 75-79. 1848. [Cleome,

Cleomella, Cristatclla, Gymmdropsis. and j-obnnsia

Greene, E. L. Jacksotiia. In: Some neglected priorities in generic nomencla-

ture. Pittonia 2: 174, 175. 1891. [Rafmesque erroneously supposed that the

name Cleome dodecandra was given by Linnaeus to an American sp
j

. Dr. Kuntze and his reviewers. Ibid. 203 .'St. 1892. [Jacksonia pre-

ferred to Polanisia and generically distinct from Cleome, 274, 275.

|

. Neglected generic types.— II. Ibid. 4: 207-212. 1900.

. Indefinite stamens and subsessile pods in Cleome. Erythea 1: 233, 234.

1893. TConcerns Jacksonia Raf.]

. Jacksonia. hut not Polanisia. Ibid. 2: 68. 1894. [Polanisia Raf. based

on the Indian plant.]

1956.

House, H. D. Necessary changes of certain plant names. N. Y. State Mus. Bull.

233-234: 60-69. 1921. [Discusses Jacksonia Raf. (an invalid name), Polani-

sia, and Cleome dodecandra, 64; see also Greene, Brixton, and Iltis.
|

Iltis, H. H. Studies in the Capparidaceae I. Rhodora 56: 65-70. 1954. [Adopts

Polanisia dodecandra as the correct name for /'. v,raveolens
| ; IV. Polanisia Raf.

Brittonia 10: 83-58. 1958; VI. Cleome sect. Phvsostemon: taxonomy, geog-

raphv and evolution. Ibid. 11: 123-162. 1959; VII. Old World eleomes ad-

ventive in the New World. Ibid. 12: 2 79-294. 1960.

Johnson, A., & T. K. Seng. Cleome ciliata Schum. el Thonn. in Singapore.

Gard. Bull. Singapore 17: 325-330. 1959. [C. rutidosperma; ecology; some

[lowers 9 -sterile: seeds attractive to ants.]

McDonald, F. E. Cleome serrulata spreading eastward. Bull. Torrey Bot. Club

23: 425. 1896. [Illinois.]

Murneek, A. E. Correlation and cyclic sleriliU in Cleome. Mem. Hort. Soc.

N. Y. 3: 65-72. 1927.*

. Physiology ol reproduction in horticultural plants II. The physiological

basis of intermittent sterilitv with special reference to the spider flower. Mis-

souri Agr. Exp. Sta. Res. Bu'll. 106: 1-87. 1927.*

Murty, Y. S. A contribution to the anatomy and morphology of normal and

-in. i! I i" i
oi ;- v,/ (

'<,,/m>/m,., ''vii, nulla (L ) Briq. Jour. Indian Bot.

Soc. 32: 108-122. 1958. [Flowers unisexual and bisexual; supports classical

interpretation of livnoecium.
|

Orr, M. Y. The stiuiture ot tli il I I < lopment oi the

testa in Cleome and Isomens. Notes Bot. Gard. Edinb. 12: 243-248. pi. 167.

1921.

Rafinesque, C. S. Polanisia. In: Descriptioiis of three new genera of plants,

from the state of New-York. Am. Jour. Sc:

.Polanisia. In: Prodrome des nouvea ux genres de tit 1 /es en

1817 et 1818 dans lmterieur des Etats-Uni s d'Amerique. Jour. Phys. Chim.

Hist. Nat. Arts 89: 98. 1819.
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Raghavan, T. S. Studies in the Capparidaceae.— 1. The life-history of Cleome

Chelidonii Linn. fil. Jour. Linn. Soc. Bot. 51: 43-72. pi. 3. 1937 [Bibliog-

raphy] ; II. Floral anatomy and some structural features of the capparidaceous

flower. Ibid. 52: 239-257. pi. 12. 1939 [Flowers of Gynandropsis pentaphylla

9 -sterile; critical of carpel polymorphism of Saunders and Eames & Wilson]
;

III. The prochromosomes of Polanisia trachysperma Torr. and Gray and

Gynandropsis pentaphylla DC. Cytologia 8: 563-578. 1938 [Polanisia trachy-

sperma, n = 10; Gynandropsis pentaphylla, n = 17].

. Morphological and cytological studies in the Capparidaceae. II. Floral

morphology and cytology of Gynandropsis pentaphylla DC. Ann. Bot. II.

2: 75-95. pi. 1. 1938.

Rao, V. S. Studies on Capparidaceae. II. The embryology of Gynandropsis

pentaphylla. Jour. Indian Bot. Soc. 15: 335-344. 1936.

Schneck, J. Observations on the spider flower. Bot. Gaz. 20: 168-170. 1895.

[Flowers nectariferous and periodically 9 -sterile in C. spinosa.
\

Schultes, J. A., & J. H. Schultes. Cleomt Sysl Veg 7:23-51. 1829.

Sims, J. Cleome pentaphylla. Bot. Mag. 39: pi. 1681. 1814. [C. gynandra.]

Stout, A. B. Alternation of sexes and intermittent production of fruit in the

spider flower (Cleome spinosa). Am. Jour. Bot. 10: 57-66. pi. 6. 1923. [In-

termittent 9 -sterility; flowers polygamous.]

Sugiura, T. A list of chromosome numbers in angiospermous plants. II. Proc.

Imp. Acad. Japan 12: 144-146. 1936. {"Cleome gurveoleus" and "Polanisia

na coitus n II" }"• /" >'< "•'« •
1(1

I

. Studies on the chromosome numbers in higher plants, with special

reference to cytokinesis, I. Cvtologia. 7: 544-595. 1936.

Weber. F., I. Thaler, & G. Kenda. Die Plastiden der C/eowe-epidermis. Os-

terr. Bot. Zeitschr. 102: 84-88. 1955. [C. spinosa.']

Woodson, R. E. Jr. Gynandropsis, Cleome, and Podandrogyne. Ann. Missouri

Bot. Gard. 35: 139-146. pi. S. 1948.

A family of a single genus characterized by alternate, pinnatifid, decidu-

ous leaves"; clustered :, "1 K perigynou ll< '.-.'is with 10 perianth segments

and 10 stamens; 3-carpellate gynoecia; and elongate, woody, 3-valved

fruits with the seeds (usually winged) attached medially to ibc valves.

1. Moringa Adanson, Fam. Pi. 2: 318. 1763.

Trees to about 10 m. tall with spreading branches, usually with thick

trunk and gummy bark. Hairs 1 -celled. Leaves deciduous, alternate, ex-

stipulate (or stipules small and stipitate, at the base of the petioles and

petiolules), 2 (or 3) -odd-pinnate with many opposite leaflets. Flowers

many, in axillary panicles or panicles of cymes, irregular, bisexual, weakly

perigynous. Perianth 5-merous, 2-seriate; sepals and petals ± similar,

spreading to reflexed, white, pink [or red]. Stamens 10, ± unequal, the

antisepalous ones ± staminodial; filaments swollen toward the base, some-

times variously connivent; anthers dorsifixed, 1-locular at anthesis, longi-

tudinally dehiscent; pollen 3 (4)-colporate. Gynoecium 3 (rarely 2 or 4)-
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carpellate, on a short gynophore; stigma inconspicuous; style slender;

ovary 1-locular with 3 parietal placentae; ovules numerous, in 2 vertical

series on the placentae, anatropous, 2-integumented. the micropyle directed

upward with the funiculus beneath (i.e., apotropous). Fruits pendent,
linear, 3-valved and ± 3-sided; dehiscence explosive, hasipetal and com-
plete; seeds many, usually conspicuously 3-winged [or wings absent],
attached medially to the woody valves; embryo straight; endosperm lack-
ing. Seedling cotyledons hypogeous, retained within the seed coat [or
epigeous). Type spkcjks: Giiilandina Moringa L. = Moringa oleijera

Lam. (Name derived from the native Malabar name.)

Perhaps ten species distributed in drier regions from Africa and Mada-
gascar to the East Indies. Two sections have been recognized on the basis
of the shape of the receptacle: tubular in the monotypic sect. Dysmokinga
Engler and cup shaped in sect. Moringa

( j$ luunoringa Engler), repre-
sented with us by Moringa oleijera (M. ptcrvgospcrma Gaertn., M.
Moringa (L.) Millsp.), horse-radish tree or drumstick tree, In = 28,
planted throughout the warmer portions of the world, including the Ba-
hama Islands and subtropical Florida where it is possibly naturalized.
Modern distribution records in our area are needed.

Described by Linnaeus as a legume. Moringa has been placed with
various groups, among them (Zappa raceae. with which it shares the gyno-
phore and uniseriate. alternisepalous corolla. Cells containing myrosin
have been identified in Moringaceae, Uruciferae. Capparaceae, Resedaceae,
and Tropaeolaceae. Moringa probably has no very close allies.

The distinctive fruits, unique in the Rhoeadales. are completely dehis-
cent but lack the persistent replum characteristic of the dehiscent fruits

of Papaveraceae, Fumariaceae, (Tuci ferae, and Uapparaceae; instead, the
seeds are attached medially to the valves, l'uri advanced the opinion, some-
what paralleling the account by Fames & Wilson of the cruciferous gvnoe-
cium, that the placentation was extracarpellary. the result of solidifica-

tion of the carpels with the coincidental extrusion of the ovules into a
central loculus. It is not certain how the Uonophyll Theory (Melville)
would explain this situation. FJnder the simpler, classical view, the valves
of Moringa separate at the carpellary midrib.

Up to 20 per cent of the seeds of Moringa oleijera in India are without
an embryo, and some embryos have an extra cotyledon (l'uri, 1941).
The leaves, young fruits, and roots of Moringa oleijera, said to have

the flavor of horse-radish,

are claimed, and oil from the seeds, ben (or bene
1

I iubi jcant and in (osmetics.

Rl-a-KKKXCKS '

Aguilar, I. Dos especies oleaginosas. Rancho Mex. 3'

[Horse-radish tree and southern soapberry.]

Bullock, A. A. Nomenclatural notes: XII. The tvpes of

Kew Bull. 14: 40-15. 1060.
|
.1/. oleijera Lamarck the

; medicinal properties
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Chandrasekhar, M. S. An unusual inflorescence of Moringa oleijera Lamk.
Jour. Bombay Nat. Hist. Soc. 51: 296, 297. 1952.

Cobin, M. The horseradish tree < Moringa olcijera Lam.) (Fairchild Tropical

Garden). Am. Eagle 42(21): 3. 1947.*

Datta, R. M., & J. N. Mitra. The systematic position of the family Moringa-

ceae based on a study of Moringa pterygosperma Gaertn. (= M. oleijera

Lamk.). Jour. Bombay Nat. Hist. Soc. 47: 355-357. 2 pis. 1947. [Places

Moringa near Violaceae.]

Durin, E. Contribution a 1'etude des Moringees. Revue Gen. Bot. 25: 449-471.

pis (
1 \M oleii ra U oncanm isi \i a , <> a

Exbrayat-Durivaux, C. Notes sur la germination des Moringa malgaches. Ann.

Mus. Colon. Marseille IV. 8(2): 5-21. 1930. [Cotyledons hypogeous in M.
pterygosperma (M. oleijera) and M. aptera; epigeous with enlarged hypocotyl

in M. Hildebrandtii and M. Drouhardii.~\

Jadin, F. Localisation de la myrosine et de la gomme chez les Moringa. Compt.

Rend. Acad. Sci. Paris 130: "733-735. 1900.

& V. Boucher. Origine et production de la gomme chez les Moringa.

Bull. Sci. Pharmacol. 15(5): 247-258. 1908. [Illustrated; see also Compt.

Rend. Acad. Sci. Paris 146: 647-649. 1908.]

Jumelle, H. Les Moringa de Madagascar. Ann. Mus. Colon. Marseille IV.

8(1): 5-20. 1930.

Kincl, F. A., & J. Gedeon. Uber die Inhaltsstoffe von Moringa pterigosperma.

Arch Pharm. 1957(6): 302, 303. 1957.*

Melville, R. A new theory of the angiosperm flower. Kew Bull. 16: 1-50. 1962.

1962.

Narayana, H. S. Post fertilization study on Moringa olcijera Lamk — a rein-

vestigation. Phytomorphology 12: 65-69. 1962.

Panse, T. B., & A. Sreenivasan. Stability of vitamin C in drumstick leaf (Mo-

ringa oleijera). Curr. Sci. Bangalore 14: 303, 304. 1945*

Pax, F. Moringaceae. Nat. Pflanzenfam. ed. 2. 17b: 693-698. 1936.

Puri, V. A note on the embryo sac and embryo of Moringa oleijera Lamk. Proc

Indian Acad. Sci. B. 1: 279-282. pi. 39. 1934. [Criticism of Rutgers; embryo

sac 8-nucleate.]

—
. Life-history of Moringa oleijera Lamk. Jour. Indian Bot. Soc. 20:

263-284. 1941. [Criticism of RuTfTRS, stamens usually with 2 pollen sacs.]

. Studies in floral anatomy. II. Floral anatomy of the Moringaceae with

special reference to gynaeceum constitution. Proc. Natl. Inst. Sci. Tndia 8:

71-88. 1942. [Concerns primarily M. oleijera.]

Rangaswami, S., & S. Sankarasubramanian. Chemical components of the

flowers of Moringa pterygosperma. Curr. Sci. Bangalore 15: 316, 317. 1946.*

Rutgers, F. L. Reliquia Treubianae III. Embryosac and embryo of Moringa

oleijera Lam. Ann. Jard. Bot. Buitenzorg 33: 1-66. pis. 1-6. 1923.

Takhtajan, A. Die Evolution der Angiospermen. viii + 344 pp. Gustav

Fischer, Jena. 1959. [Capparidales, 204-206; see bibliography, especially

Jakowlew, 1958 (embryology), and Blagowestschenski, 1955 (biochem-

istry).]

Urban, I. Moringaceae. In: Martius, Fl. Bras. 12(1): 487-492. 1889.

Verdcourt, B. Moringa— a correction. Kew Bull. 13: 384-386. 1959. [African

spp.; position of Donaldsonia; refers to a revision in progress by Mr. Gillett,

of Kew.]
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NOTES ON BUXUS IN THE LESSER ANTILLES
AND ON MATHOU'S OVERLOOKED PUBLICATION

CRANTZIA SW.. TRICERA SW., AND BUXUS L.

The first new world species now assigned to the genus Buxus was
described by Swart/ as Crant < I ita (Prodr. 38. 1788), based on

material collected in Jamaica. In 1797 Swartz (Fl. Ind. Occ. 1: 333.

1797) renamed the genus Crantzia as Tricera calling attention to the use

of the former name by Schreber (Gen. PL ed. 8, 1: 143. 1789). Swartz's

refusal to continue the use of one of his own generic names, seemingly

having priority, occurred in other instances as Rendle has pointed out

(Jour. Bot. 35: 20. 1897). In this case, however, Crantzia Scopoli (Intr.

173. 1777), not known to Swartz, makes Crantzia Swartz illegitimate.

Willdenow (Sp. PL 4: 338. 1805) described additional species under the

name Tricera, and Sprengel (Sysi. Veg. 3: 847. 1826) transferred all

species known until then to the genus Buxus. Jussieu ( Fuphorb. Tentam.
14. 1824) had suggested the close relationship of the two genera. Later,

Baillon (Monogr. Bux. 66. 1859) treated Tricera as a section of the

genus Buxus. Britton and his coworkers in a series of local floras and
special treatments between 1906 and 1925 re-established the genus Tricera

as distinct from the genus Buxus. but there seems to be no discussion of

this action nor any foundation for it. Urban and all other workers on

the West Indian vegetation have considered the species as members of the

genus Buxus.

In a monograph overlooked by subsequent workers, Miss Th. Mathou
(Recherches sur la lamille des Buxacees; Etude anatomique, microchi-

mique et systematique, These, 1 448. 1939. Toulouse) has re-examined

the Buxaceae. She has described new taxa and made new combinations,

some legitimate and some illegitimate, but none of them listed correctly,

if at all, in Index Kewensis or the Gray Herbarium Index.

Miss Mathou maintained, with emendation, the "section Tricera Baillon

ex Swartz." She pointed out that the stems of I lie American species of

Buxus comprising the section Tricera lack cortical bundles and meristeles;

have a different petiole structure, and possess several distinctive character-

istics in the inflorescence. In a discussion of the sectional status of Tricera.

Miss Mathou concluded that the combinations of anatomical and external

morphological characteristics permitted the recognition of the American
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species as a section but not as a distinct genus. My own investigations of

the petiole vascular structure support her work. The distinctive feature of

the American species is the origin of the lateral vascular bundles of the

petiole from the same stelar gap as the median bundle. In their path

through the length of the petiole, these lateral bundles remain distinct.

In contrast the Asiatic and African species of Buxus may have cortical

or medullary vascular bundles in the stem which contribute to the vascular

supply of the leaf at the node; and within the petioles the lateral bundles

may remain distinct or may become involved with the median in a compli-

cated stelar arrangement. I have found no other character or group of

characters which prove satisfactory for recognizing the New World species

as a distinct genus. It appears desirable to consider Crantzia Sw. and

Tricera Sw. as synonyms of Buxus L.

BUXUS SPECIES IN THE LESSER ANTILLES

A Bredemeyer collection from Caracas, Venezuela is the basis of Tricera

citrifolia Willd. (Sp. PI. 4: 338. 1805). In transferring this species to

Buxus Sprengel (Syst. Veg. 3: 847. 1826) gave the distribution as "Marti-

nica, Caracas" but cited no specimens. Baillon (loc. cit. 70) cited under

this species a WT

ydler collection from Puerto Rico in the Jussieu and

Lessert herbaria. Mueller Arg. (DC. Prodr. 16(1): 15. 1869) described

three varieties for B. citrifolia with the range Venezuela, Puerto Rico, and

Cuba. Variety genuina contained the Bredemeyer type. Variety juscesccns

contained the Wydler specimen from Puerto Rico. Variety brevipes was

based on Wright 1919 p. p. from Cuba. In the same work Mueller de-

scribed Buxus subcolumnaris and cited Sieber 208 from Martinique and

Wright 1920 from Cuba. Pax (Nat. Pflanzenfam. Ill, 5: 133. 1896)

recognized Buxus citrifolia as occurring in Cuba and Puerto Rico and

Buxus subcolumnaris in Martinique and Cuba. Urban (Symb. Antill. 5:

400. 1908) partially clarified the situation by describing Buxus muel-

leriana based on Wright 1920 from Cuba, and Buxus brevipes based on

Wright 1919, also from Cuba. Urban recognized Buxus subcolumnaris

from Martinique but commented about B. citrifolia that he could not dis-

tinguish between Mueller's variety genuina and variety fuscescens and

was persuaded that the Bredemeyer collection like the Wr

ydler collection

came from Puerto Rico. Britton and Wilson (Sci. Surv. Puerto Rico &

V.I. 5: 507. 1924) cited Mueller's variety fuscescens in the synonomy

of Tricera citrifolia and stated "Eastern Porto Rico, collected only by

Wydler, or perhaps also by Bredemeyer: — Venezuela. A rare plant,

known to us from Porto Rico only as recorded by Mueller and by Urban."

More recently Mathou (loc. cit. 195) has returned to the original con-

fused state regarding the distribution of B. citrifolia and cited its range

as "Venezuela, Porto-Rico and Martinique."

I have had the opportunity of studying these collections and others in

various American and European herbaria. I suggest the correct treatment

of these old collections is the following:
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Buxus citrifolia (Willd.) Sprengel, Syst. Veg. 3: 847. 1826.

Triccra citrifolia Willd., Sp. PI. 4: 338. 1805.

Buxus citrifolia var. gmuitia Mucll. Arg., DC. Prodr. 16(1): 15. 1869.

This species is endemic to Venezuela. In addition to the Bredemcvcr
type (Herb. Willd. 17384) it is represented by Fendler 1296 (gh) from
Tovar, Pittier 11016 (gh) from El Carenero. Miranda, and Pittier 8696
(gh) from El Zigzag on the mad from Guaira to Caracas, all in Venezuela.

No additional mai< ial n n n ucla ha been seen in other herbaria.

Buxus subcolumnaris Muell. Arg., DC. Prodr. 16(1): 14. 1869. p.p.

'

• <
truolu i, .

, (Muell. Arg.) Britton, Bull. Torrey Club 42: 498. 1915.

Buxus aquartiana Rich, ex Baillon, Monogr. Bux. 69. 1859.

This species was b d on I w< culled ion Sirha OS from Martinique

and Wright 1920 from Cuba. Urban has selected the latter collection as

the type of Buxus muelleriana. Sieber 208 should, therefore, be considered

the type of B. subcolumnaris. This species is known only from Martinique

and is distinguished from B. citrifolia by the fused, narrowed apices of the

carpels as well as the longer petioles of the leaves. Buxus subcolumnaris

and B. muelleriana are readily distinguished by their leaf shape and vena-

The manuscript name Buxus aquartiana attributed to L. C. Richard and
used by Baillon appears on several specimens in the Jussieu and the general

herbaria in Paris. The specimens are to be referred to B. subcolumnaris.

In addition to several specimens of Sieber 208 I have seen Duss 578 (ny,

p), 4630 (ny), Ilahn 321 (k. p). 969 (gh, k), 1506 (bm, k) and Richard
s.n. (p). all from Martinique.

Buxus muelleriana Urb., Symb. Antill. 5: 400. 1908.

ixus s i ri> Muell \rg.. DC. Prodr. 16(1): 14. 1869 p.p. as to plant

of Cuba.

The type of this species is Wright 1920 from Cuba.

Buxus brevipes Urb., Symb. Antill. 5: 401. 1908.

Buxus citrifolia var. brevipes Muell. Arg., DC. Prodr. 16(1): 15. 1869.

The type of this species is Wright 1919 from Cuba. Wright 1919, how-
ever, is a mixed collection, another portion being the type of Buxus acumi-

nata (Griseb.) Muell. Arg.

Buxus laevigata (Sw.) Sprengel, Syst. Veg. 3: 847. 1826.

Crantzia laevigata Sw., Prodr. 38. 1788.

Tricera laevigata (Sw.) Sw., Fl. Ind. Occ. 1: 333. 1797.

i 'i m << In II \ig D( Prodr. 16(1): 15. 1869.

Triccra citrifolia sensu Britton & Wilson. Sci. Surv. Puerto Rico & V.I. 5:

507. 1924, not Willd.
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A fragment of the collection Wydler 406 from Puerto Rico was examined

in the herbarium at Paris. The specimen is referable to B. laevigata (Sw.)

Spreng., known from Jamaica and matching well such collections as Harris

9492 or Howard & Proctor 15042. Urban (Symb. Antill. 4: 358. 1910)

had suggested that perhaps the Bredemeyer collection was also from

Puerto Rico and not Venezuela. It seems more likely that the Wydler

collection carries an erroneous label since B. citrifolia is represented by-

more recent collections from Venezuela and neither B. laevigata nor B.

citrifolia has been recollected in Puerto Rico.

The Wydler specimen in Paris bears an annotation of a new specific

name attributed to Mueller Arg. The epithet has never been published

by Mueller, to my knowledge, but has been used since as Tricera (?)

crassijolia Britton and Buxus crassifolia (Britton) Urban, for an entirely

different plant from Cuba typified by the collection Shafer 4163.

Buxus olivacea Urb., Symb. Antill. 9: 172. 1924.

Mathou's reference to this species as occurring in Martinique (loc. cit.

139) is clearly an error and is not supported in the remainder of her

study. Urban based the species on Ekman 4992 from Cuba and Mathou

studied only material of Ektnan 9783 also from Cuba, and cited by Urban.

MATHOU'S MONOGRAPH

Miss Mathou's monograph of the Buxaccae, stated in the title to be

anatomical, microchemical and systematic studies, has been overlooked

by recent workers. 1'erhaps its obscure publication as a thesis (Faculte

des sciences de Toulouse, Toulouse, 1939) and its limited distribution

account for the fact that its several new combinations have not been seen

either bv compilers of the Index Kewensis or of the Gray Herbarium

Index. Cm the basis of her studies. Miss Mathou recognizes one new

section of the genus Buxus maintains two section in a
l

'sensu novo,"

and emends a fourth section. In addition two sub ctions in cited as

new and two genera reduced to subsections. No Latin descriptions are

given and the names of all subgeneric categories must be regarded as

illegitimate. The subgeneric taxa are distinguished by evidence obtained

from study of the inflorescences and from the anatomy of the stem and

the petiole.

The systematii i itm nl u ed bj Mi dathou is subject to criticism.

Several new combinations are made correctly but several others are in-

correctly made or cited erroneously. Miss Mathou retains or re-establishes

taxa previously considered synonyms by earlier workers, without com-

ment or without evidence. The following 1 conomi decisions in her paper

"Buxus microphylla var. japonica Rehd. et Wils. comb, nov." (Mathou loc. cit.

43). This coml n I. mi ^
i .

If i>) - ' » " "d '•"- <' "" in Sargent, Plantae

Wilsonianae 2: 168. 1914.
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Buxus longifolia Boissier var. latifolia Mathou, loc. tit. 84. 1939. Type: Pr.
Lys s.n., collected April 1932 near Antioche, Syria.

Buxus flaviramca (Britton) Mathou. loc. cit. 140. 1939. This combination ante-
dates my own, published in the Journal of the Arnold Arboretum 28: 126.
1947.

Buxus purdieana Baillon. Mathou recognizes this s])ecies although Fawcett and
Rendle (Fl. Jam. 5: 2. 1926 I had placed it in the svium.miv of B. laevigata.
Mathou compares B. f>nnln;tn,i with B. macroplivlla but not with li. laevi-

"Buxus citrifolia (Sprengel) Urban." A combination manufactured by Miss
Mathou (loc. cit. 195) presumably intended for />uxus utri folia (Willd.l
Sprengel.

Buxus brevipes (Mueller) Crban (Mathou loc. cit. 199). An incorrect citation
for Buxus brevipes Urban.

Buxus subcolumnaris (Mueller) Crban (Mathou loc. cit. 214). An incorrect
combination foi Bi subcolttmnai iluell. Ai

Buxus rotundifolia (Britton) Mathou, loc. cit. 229. 1939. This combination
antedates that made by Brother Alain (Contr. Ocas. Mus. Hist. Nat. Col.

"De La Salle," Havana, No. 12, 2. 1953).

Buxus pulchella Baillon. Mathou (loc. cit. 242) re-establishes this species.

Mueller Arg. had reduced the Baillon species to synonomy under B. va/ilii

Baillon, but Mathou found no support for this decision. Miss Mathou did
not compare B pi > "i \ itli / la / i Ikk I u u i t and Rendle (op.

at. ) had placed bullion's species.

Buxus revoluta (Britton) Mathou. loc. cit. 268. 1939. This combination ante-

dates that made by brother Alain (loc. cit. 2. 1953).

Buxus leoni (Britton) Mathou, loc. cit. 268. 1039. This new combination has
not been recorded m international indites. Mathou concluded that in

anatomical characlei ist ics B. leoni was very similar to B. aneura. but that

specimens of the hitler species could be distinguished on the basis of the

pubescent fruit. Miss Mathou also noted the anatomical similarity of B.
leoni with B. wrightu. More recently Alain (Contr. Ocas. Mus. Hist. Nat.
Col. "De La Salle," Havana, No. 18, 144. 1958) has placed Tricera leoni

in the synonomy of Buxus wrightii.

Buxus macowani var. benguellcusis (Cilgi Mathou. loc. cit. 303. 1939. Miss
Mathou has reduced Gilg's species to varietal status and has made the

Buxus hirta (Hutchinson) Mathou. loc. cit. 806. 1080. The basionym of this

new combinati i i t'n us 'a << uellens, (,ik \ai '//>/, Hutchinson, Few
Bull. 1912: 55. 1912. The combination is c\\e\\ in Index keuetisis is Mathou
in Trav. Lab. For. Toulouse, Tome I. iii. Art. II, 25. (1940).
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POLLEN MORPHOLOGY IN THE JUGLANDACEAE, I:

POLLEN SIZE AND PORE NUMBER VARIATION

Donald R. Whitehead

Although identification of fossil pollen and spores to the family

or generic level provides valuable paleoecological data, it is obvious that

specific identifications are to be desired. Unfortunately in many taxa

there are no distinctive morphological features which can be used to effect

such identifications, although in some difficult groups measurable char-

acters such as pollen size or pore number have been utilized. Examples of

this are the use of pollen size in Pinus (Cain 1940, 1944, Cain and Cain

1944, 1948a, 1948b, Buell 1946a, 1946b, Hansen 1947) and Betula (Leo-

pold 1956) and the use of pore number in Alnus (Leopold 1955). It has

been emphasized repeatedly (e.g., Christensen 1946, Faegri and Tversen

1950, and Whitehead 1962) that the use of such criteria is beset with

many difficulties. First of all, one must have adequate knowledge of

the range of variation displayed by the character selected. This can be

obtained only by accumulating data from a large number of collections

selected to cover the geographic range of the species and the spectrum of

ecological conditions in which it occurs. For pollen size frequency studies

one must also assess with care the effect of chemical treatment, mounting

medium, and environment of preservation.

As yet the statistical approach has not been applied to members of the

Juglandaceae, even though studies of Pleistocene and Tertiary sediments

have suggested the possibility of separating species of Carya on the basis

of pollen size and species of Juglans on the basis of pore number. For

example, it is readily apparent from studying any sample which contains

much Carya pollen that there is a considerable size range for the grains.

This suggests that there might be distinct size differences among the various

species. Similarly, work with Pleistocene material in the east has indicated

the possibility of separating grains of Juglans cinerea L. from those of /.

nigra L. on the basis of pore number. Grains of the former appear to

have fewer pores. However, adequate data on pollen size in the extant

species of Carya and pore number variation in the aforementioned species

of Juglans have not been available.

In the present paper the results of a study of the pollen size-frequency

characteristics of Carya tomentosa Nutt. and C. cordijormis (Wang.) K.

Koch will be described. These two species were selected so that extensive

data would be available for at least one species from each section of the

aenus (C. tomentosa from section Carya (sect. Eucarya C. DC.) and C.

cordijormis from section Apocarya C. DC). In addition, preliminary

size frequency data for several other species of Carya will be discussed.
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Lastly, the results of a detailed study of pore number variation in Juglans
einerea and /. nigra will be presented and the reliability of this criterion
for specific identifications discussed.

The author wishes to express his appreciation to Dr. Elso S. Barghoorn.
under whose thoughtful direction the variational studv was initiated, and
to the Jersey Production Research Company, Tulsa, Oklahoma, for per-
mission to publish the results of the size study which was carried out as
part of a general survey of pollen morphology in the Juglandaceae while
the writer was a consultant during the summer of 1960. Grant G-17277
from the National Science Foundation has provided support for the final
phase of the project.

1. POLLEN SIZE VARIATION IN
CARYA TOMENTOSA AND C. CORDIFORMIS

Eleven collections each of Carya tomentosa and C. cordijormis were
used for the size variation study. Between 1 and 3 collections have been
used for study of the other species of Carva examined. The specimens
studied are cited at the end of this paper.

Pollen of Carya was prepared according to the following technique:

5. Wash twice with distilled wafer.

6. Wash once with 95% alcohol.

7. Wash twice with absolute alcohol.

8. Wash once with benzene (U.S. P., thiophene free).

9. Mount in silicone oil (Dow Corning 200 Fluid, viscosity 12.500 centi-

Use of the above preparation and of silicone oil for the size study was
predicated by the considerations outlined by Christensen (1946, 1954),
Andersen (1960), and Whitehead (1961, 1962).

Size measurements were carried out under high dry magnification utiliz-
ing an ocular interval of 2.04 micra. One hundred grains were measured
for each collection of Carya tomentosa and C. cordijormis, and 50 grains
for the collections of the other species. The linear dimension selected for
ntea>uremcnt is illustrated in Figure 4.

The results of the

Tables 1, 2, and 3.

pollen size in Carya.

Grains of Carya cordijormis range in size from 26.52 v, to 46 92
/
u,

with a mean of 40.36 ± 2.89 ,,. The modal class for the entire population
is 40.80 p.. For the individual collections the modal class varies from
34.68 ,, to 42.84 fl . The pollen grains of C. tomentosa vary in size from
40.80 /x to 63.24 ,,,. with a mean of 50.65 ± 3.41 p. The modal class is
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1.00 p. Modes for the individual collections range from 46.92 /* to 53.04
,

Size data on the other species of Carya studied are as follows:

Section Apocarya: Carya aquatica, 2 collections, range 36.72-46.92
,

v n il SO ,x ( Ilino usis ollection i 5.76-55.08 /*, mea

ft
s

r

Zl

h
/ \

i\
M

\ iA
/ \ \

/ \
i

\
/ I \

J CK
J L \K n

Nutt. and Carya cordiform.

i Size Variation in Carya cordifo

Sample Number

i
.|, n „ t IM i

' .nim -v Mi MMin; 1 S. ulli I .oli i \\ i-1j mlnn h (

i ,
, , 'i uiuir i louiolun ? Ollituui <\w latifoha)

; 9, Texas;
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'

! inn -
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46.10 fi\ C. mvristiciformis, 2 collections. range 32 ()4 44 88 u mean
39.64 p.

Section Cakya (sect. Rucarya C. DC.) C. laciniosa, 2 collections, range
38.76-51.00 p., mean 45.00 M ; C. ora/ (/, 3 collodions, range 36.72-51.00 fi,

mean 44.93 ^; C. pallida, 1 collection, range 42.84-55.08 /x, mean 49.82 ,*;

C. glabra, 2 collections, range 40.80-53.04 /x, mean 46.88 /x; C. leiodermis,
I collection, range 40.80-53.04 p., mean 47.49 M ; C. texana, 2 collections!
range 40.80-53.04 p, mean 46.27 p\ C. ovalis, 2 collections^ range 36.72-
53.04 M , mean 47.65 (x.

Since only a few measurements are as yet available for most species
of Carya, it is premature to suggest the possibility of differentiating
species on the basis of pollen size. However, the considerable difference
in mean pollen size for C. tomentosa and C. cordiformis (10 micra) and
the interspecific differences indicated by the preliminary data on Table
2, do suggest that the preparation of a size-frequencv curve for fossil

material might be instructive. A bimodal curve could then be taken as an
indication of the presence of at least 2 species. Further work on pollen
size for the other species of Carya might then allow one to make tentative
suggestions as to the species represented, provided that one has evaluated
the variables mentioned previously. Similarly, size frequency analyses of
this sort could be utilized for the delimitation of "form species" in pre-
Pleistocene sediments.

It is interesting to note that Carya tomentosa, like several other species
of section Carya, is a tetraploid, and that C. cordiformis, like other species

Table 2. Pollen Size Variation in Carya tomentosa

48.96 29 20 7 15 40 24 34 10 20 6

51-00 26 32 18 7 14 31 22 31 30 26
53.04 13 28 26 2 4 22 10 32 28 41
55.08 5 12 22 10 3 18 12 17

s = ±3.41

1, Texas (var. subcoriacea) ; 2. Indiana (va

Pennsylvania; 5, Virginia; 6, Mississippi; 7, L
setts; 10, Oklahoma; 11, Tennessee.
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of section Apocarya, is a diploid (Woodworth 1930, Stone 1961). Since

grains of C. tomentosa are 10 micra larger on the average than those of

C. cordijormis, it is possible that pollen size in Carya may be correlated

with ploidal level. This is true in a number of other taxa (e.g., Andropogon

(Gould 1957) ). Stomatal size shows a similar correlation in Carya (Stone

1961). The preliminary size data for the other known tetraploids indicate

that mean pollen size (for grains treated with KOH, acetolysis, and

mounted in silicone oil) for this ploidal level in Carya is above 46 /a (C.

glabra, 46.88 fi; C. texana, 46.2 7 p.\ C. ovalis, 47.65 p), while data for

the known diploids suggest that the mean pollen size for that ploidal level

is less than 46 fi (C. aquatica, 41.80 fi] C. illinoensis, 46.10 p\ C. laciniosa,

45.00 fx] C. ovata, 44.93 /»).

The preliminary data on pollen size for Carya myristicijormis (39.64 p)

supports Stone's information on stomatal size, and suggests that this

species is a diploid. Similarly, the pollen size data for C. pallida (49.82 p.)

and C. leiodermis (47.49 n) and Stone's stomatal measurements indicate

that these two species are probably tetraploids.

Table 3. Pollen Size Variation in Several Species of Carya

3 3 8
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2. PORE NUMBER VARIATION IN
JUGLANS CINEREA AND J. NIGRA

Forty-four collections of Juglans cincrca and 42 of /. nigra have been
utilized for the pore number investigation. Pollen of Juglans was pre-

pared by acetolysis and mounted in glycerine jelly. The pore number
study of Juglans was carried out by counting the pores in 100 grains for

each collection. Counts were made under high dry magnification by focus-

ing carefully up and (Imvn through the individual grains. The problems
inherent in making such counts will he apparent in Figures 5-10. The
results of this study are presented in Figure 2.

A !: 4

7

4o

A Jt*Z!ti_ i- juglans nigra l.

7.72 ± 1.20. The modal class for the total population is 8 pores. Tore
number in /. nigra varies from 9 to 37 with a mean of 17.43 ± 2.97. The
modal class for the total population is 17. In the individual collections of

/. cincrca the modal class varies from 6 to 9 pores and in /. nigra from 12

It is evident that the majority n\ grains of Juglans tincrca can be sepa-
rated from those of /. nigra with reasonable certainty. There is overlap
only between 9 and 15 pores, hence grains with less than 9 pores would
most certainly be those of J. cincrca, and grains with more than 15. /.

nigra. Grains having 9 and 10 pores are more likely to be those of J.

cincrca, and grains with from 12 to 15 are more likolv to be those of /.

nigra. Pollen with 11 pores could be assigned with equal probability to
either species.

However, one must approach these assumptions with some caution,
remembering that the modal class in one collection of Juglans cinerea
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Figures 3-10. Photomicrographs of Caryd and Jin'Jans pollen. Figures 3

and 4, Carya foment oso. poll en, polar view, two level- of focus. Dimension

measured is marked in Fn i re -i Figures 5-10, consecutive levels of focus

through a grain of Juglam nigra, polar view. Note the heteropolar character
"

was as high as 9 and in one collection of /. nigra as low as 12. If an

entire local population of /. cinerea possessed grains with a mean pore

number close to 9, then the chances of encountering white walnut grains

with from 10 to 15 pores would, of course, be greater. Similarly, if a local

population of black walnut possessed grains with a mean pore number

close to 12, then the chances of encountering /. nigra grains with from

9 to 1 1 pores would also be greater. In this respect, information on pore



108 JOURNAL OF THE ARNOLD ARBORETUM [vol. xliv

number variation within several local populations of each species would
be instructive.

Obviously, the preparation of a pore number frequency curve for fossil

material would aid in determining whether only one or both of the species
were represented. Unfortunately, one almost never encounters a sufficient

number of Julians grains to allow for this. However, noting the number
of pores in any other walnut grains encountered in a sample will help
suggest which species were present.

SPECIMENS EXAMINED 1

1. Carya cordiformis (Wang.) K. Koch. United States. Rhode Island: Palmer
44337 (a). New York: Thomas 2152 (a). Minnesota: Mearns 814 (gh).
District of Columbia: Ward, 1879 (gh). Kentucky: Horsey 2321 (a). South
Carolina: Griscom lo503 (cm. Missouri: Palmer 3943 (a). Mississippi:

b so I 10 i w , , . Jt
,,*,(,

|

2. Carya cordiformis (Wang.) K. Koch var. latifolia Sarg. United States. Mis-
souri: Palmer 5499 (a). Oklahoma: Bush 1139 (gh).

3. Carya tomentosa Nutt. United States. Massachusetts: Manning, 1942 (a).
Pennsylvania: Byhouwser & Kobuski 216 (a). Indiana: Beam 27014 (gh).
Virginia: Allard 2621 (cm. Tennessee: Ruth 426 (gh). Georgia: Small,
1895 (gh). Mississippi: Harbison 17 (gh). Missouri: Palmer 5761 (a). Okla-
homa: Palmer 21647 (gh).

4. Carya tomentosa Nutt. var. subcoriacea Sarg. United States. Indiana: Beam
10182 (a). Texas: Palmer 7269 (a).

5. Carya aquatica Nutt. United States. Georgia: Gillespie 5045 (a). Mississippi:
Harbison 19 1 (ai.

6. Carya glabra (Mill.) Sweet. United States. Massachusetts: Faxon, no date
(gh). Georgia: Harbison 1026 (a).

7. Carya illinoensis (Wang.) K. Koch. United States. Tennessee: Gattinger
2565 (gh). Missouri: Bush 5759 (a).

8. Carya laciniosa (Michx. f.) Loud. United States. Massachusetts: Manning,
1941 (gh). Missouri: Palmer 39144 (a).

9. Carya leiodermis Sarg. United States. Arkansas. Palmer 39298 U).

10. Carya myristiciformis (Michx. f.) Nutt. United States. Arkansas: Letter-
man, 1881 (gh). Texas: Palmer 22438 (a).

11. Carya ovalis (Wang.) Sarg. United States. Massachusetts: Manning, 1935
(en ). Ohio: Horsey 479 (gh).

12. Carya ovata (Mill.) K Koch. Canada. Quebec: Marie-Yictorin 28234 (gh).
United States. North Carolina Hillmon herbarium 1838a (a). Arkansas:
Palmer 22461 (a).

13. Carya pallida (Ashe) Engl & Graebn. United States. North Carolina:
Ivlimo ,

/'", ; ha, ••,,, > w ( ul

14. Carya texana Buckl. United States. Texas: Bush 197 (a).

15. Carya texana Buckl. var. arkansana Sarg. United States. Missouri:

Palmer 3928 (gh).

' IM.mi ii.il ol ill )ll.'(iio!i, (it t'd u ohl uni'd t torn tli liiih.iimm ul llii .i no! 1
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6. Juglans cinerea L. Canada On hu Mi luippi huk 1914 ( \) , He Perrot,

J/"/v4/'i/»/7„ 2,s.O'() k.tt) I'hillipslmts; huoidton 1075 (oh). Ontario:

Shields, 1948 (gh). United States. Maine: Y«/7w 1896(00. Xew Hamp
! n fat") " William 189 (oh) Lebanon./ w/erA 1894 (gh). Vermont:

Charlotte, Prinze, I

(l (a) Wallingford Williams L908 (gh) ; Brandon,

William I
ii

( ii I j (Ini ii Willhani Williams 1807 (( n U'al

pol< A'/c7/, 189', ((.hi 1 i,, ok! Robinson, 19?? (a); South Egremont, C. 5.

(surname illegible), 1919 (a > « >n:i. i. i !', u.m Xew York:

\ ughn Burnham 1 'lit ' 11 Creel 1,/ >/.s
;
/ lee lit el 66 ("a).

( hio Ob. ,1m \ux> d i 90 Hill riend hip tun 11 ( u ) ( oh n

bus, Horsey, 1911 (a) Michigan H . J. B., 1800 (a) Minnesota: Moore &
Thatcher 13015 (a). Wisconsin: J. H. P.. 1806 (gh). Iowa: Pammel 102

(gh). Indiana. #///, 1894 (a). Pennsylvania: Martin's Creek, Bartram, 1907

i A>: Bradford County. Bykoitwsn ' kobaski 212 (a); Bethlehem, iVo

collector or date listed u.h > < on.'-anv ivuei /7e/C, 1000 (gh). Delaware:

Canby, 1897 (a) 1 irginia ? tural 1 nib. e</»< l 6 (gh) Hot Springs.

Hunnewell 4000 (gh); Marion, 73/v7/o« ef a/., 1892 (a). West Virginia:

Harbison 7108 (a) ! mi e< Puhm-i 1/\U<) < \) I utn.U Middleborough,

Horsey 1927 (a), h itt>Mlk Uor\ev I lift i \) Mi min Oa-Ci-ir.,, /,//»/</

J020i (a); Boonevilli /'«//."- 'uyr.'(A) \ria:hn /"k/wit JJTYP? (a)
;
Pontiac.

Bush 13374 (a), \llenton Lettennau 1887 (.a) Pall Count\ <'C /.s j/op

(a); Patton, Kellogg 25860 (a). Arkansas: /J«.s7/ I.?W7 (ai.

7. Juglans nigra L. United States. Rhode Island: Rehder, 1927 (a). New
York: Tompkins ( ountj 77/f»««.\ i/* (chi Qu en bur> Burnham, 1893

(gh); Hempstead Churchill 1010 ('on) Pennsylvania Whitehorse, 7>aw's

51 (a); Stewartstown. Adams 4431 (a). Ohio: Gallipolis, Horsey 2108 (a);

Roosevelt Game Preserve, Demaree 10678 (gh). Michigan: Monroe Lake,

'/,>/,,, (SO ( gh) Herb Vgricultural Colle? Julmm 5ea/, 1899 (a).

Illinois: Stark County, C7/(/,ve. 1806 (gh); Havana, /owes 77237 (gh)
;
Cairo.

/7;/wer /-/'OP (a). Indiana Ingalls. 5'w//// 5M2 (oh); Long Swamp, Ek,

1942 (gh). New Jersey: Long 34600 (gh). Delaware: Canby, 1890 (gh).

Virginia: Prince George Count) Fentald & Long 11814 (gh); Walker

Creek, Small 180i i I (>iti< /.,,.<*/,/ 5 thiuooi 1<SI u.in KemieO
Ikiitlesburg Horsey 893 ( a ) Richmond, Horsey 1 065 (A) Olympia Horsey

h!4<\> Ml leilm o^s<y2f), (\) mi" /7/0,; / 77 v/7 ( a). North

Carolina: Granville County, Fazow, no date (gh); Biltmore, Biltmore Her-

barium 1314 (gh). Georgia ' /««// 1805(A) Missouri Mlenlon Lettennau

1882 (a), loplm taint,- 22/4, in 1 ilena P<//,Hf, ' Y<^' (\) Cana-

Rilev County. Vor/o» 502 (gh) ; Neodesha, Pa/mer 20S25 (a); Ellsworth,

/WwtY 27257 (a). Oklahoma: Ft. Sill. Clemens 11541 (en); Norman,

Brunei 1024 ( i Oklahoma Cil lavin 421 (a) 'urcell ^u/nl?7(cH);
Sulphur, Mem/7, 1935 (a). Texas: Travis County, !C//w;r/; 46090 (gh)

;

Dalla /•', vcrc/ion, 1874 (on)
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JAYAWEERA, MUSSAENDA

THE RUBIACEOUS GENUS MUSSAENDA: THE MORPHOLOGY
OF THE ASIATIC SPECIES

Don M. A. Jayaweera

The rubiaceous genus Mussaenda comprises some 190 species dis-

tributed in a broad band extending through the Old World tropics from

Africa and Madagascar to India and Ceylon, China, Malaysia, the Philip-

pines, Polynesia, New Guinea, and Australia. The group includes several

valuable ornamental shrubs and is of considerable biological interest, both

because of the unusual development of one or more of the calyx lobes

into large, colorful, petaloid structures and because of the presence

of heterostyly (associated with differences in pollen size) in every species

of the genus. Although a number of hybrid tm b< n produced in the

Philippine Islands using a "double' form in which all of the sepals are

petaloid, nothing seems to be known of the breeding mechanisms, other

biological features, or chromosome numbers within the genus.

Various taxonomic and floristic studies have treated parts of the genus,

but Mussaenda has not been monographed since 1830 when only 27 species

were known to A. P. de Candolle. At the present time, the large number
of species involved, the paucity of herbarium materials, the difficulty of

establishing specific characters, and the lack of opportunity for field

studies of live plants make an approach on a regional basis most feasible.

Accordingly, the present paper is a general survey of morphological varia-

tion in the genus, especially as represented ii VE ! his will be followed

by taxonomic treatments of the species of various areas, the two papers

to follow immediately dealing with those of India and Ceylon and of

the Philippine Islands.

A number of morphological characteristics have been used in the classi-

fication of species oi Wussa idt He Candolle (1830) distinguished three

sections (no longer tenable) on the basis of the presence or absence of

the expanded petaloid calyx segments, the number of leaves at each node,

and the persistence or deciduousness of the calyx segments on the fruit.

In connection with Asiatic species, J. D. Hooker (1880), Gamble (1921),

Ridley (1923), Kurz (1877), and Pitard (1923) based their classifications

on a combination of characters of the inflorescence, calyx lobes, corolla

tube, and the pubescence and venation of the leaves. Wernham (1913) sug-

gested a character of the stipule to be important in treating Mussaenda in

Africa. Valeton (1925) used leaf characteristics in classifying the species

of New Guinea. Bremekamp (1940) has stressed the extent of hairiness

inside the corolla tube, the nature of the stipules, the presence or ab-

sence of floral dimorphism, the insertion of the stamens, and the nature

of the pubescence in determining relationships between the Rubiaceae in
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general, but such a study has not been made for Mussaenda, sensu lato.

Since 1916 a number of segregate genera, none of which is included in

the present consideration of Mussaenda, have been proposed. Wernham

(1916) established Pscudomussacnda, basing it on the African M. lutcola

Del. and including M. monteiroi Wernh., M. capsulijera Balf. f., and a

new species P. gosswcileri, and stated that "the character of the fruit of

this plant certainly suffices to remove it not only from the genus Mus-

saenda, but also from the tribe Mussaendeae in spite of its resemblance

in habit to other species of that genus." In 1939, Ridley raised Mus-

saenda sect. Asem a t< • m rii tank, stating that this name was first

"proposed by Stapf for a number of plants originally described as belonging

to the genus Mussaenda but differing in the large size of the corolla and

in the absence of the white phyllomorphic calyx lobes so conspicuous

in that genus." \ .',1,1-
1 layan and Bornean M. mutabilis Hemsl.,

M. spectabilis Ridley, and M. coccinea Stapf. and a new species A. lobbii

Ridley to the group, he suggested that species from tropical Africa possess-

ing these same characters should be transferred here.

In 1937, Bremekamp proposed that the genus Aphaenandra Miquel,

based on a Sumatran plant, be recognized to include two species, A. uni-

fiora (Acranthera 1 niflora ui pha< nandra sumatrana Miq., Mussaenda

uniflora Wall, ex G. Don, M. theijcra Pierre) and A. parva (M. parva

Wall, ex G. Don, M. sootcpcnsis ("rail), M. ncosootcpensis Craib). These

species are herbaceous, (10-20 cm. tall), spread by runners, and have a

terminal dichasium with stout monochasial branches reduced to two or

three flowers, with parts resembling those of Mussaenda except for the

dehiscence of the fruit.

Finally, in 1948, Li proposed the genus Schizomussaenda to include

Mussaenda dehiscens Craib {Greenea hoaensis Pierre ex Pitard, Schizo-

phragma macrosepalum Hu, Emmenopteris rehderi Metcalf). Li did

not discuss the relationship of his new genus with the earlier Pseudo-

mussaenda, and the differences between them do not seem to be sufficient

to warrant a distinction.

The validity of these generic segregates is beyond the scope of the

present paper and will be considered at a later time. Hence, generic syn-

onymy has been omitted here, and the generic description and notes on

morphology given here are based on the Asiatic species of Mussaenda,

Arnold Arboretum o: M ,. . 1*. ". m.I'ihIu'c, Massachusetts.

Herbarium, Botanical Survey of India, Poona.

Botanical Museum and Herbarium, Copenhagen.

Gray Herbarium of Harvard University, Cambridge, Massachusetts.

Herbarium, Royal Botanic Gardens, Kew.

Herbarium, National Botanic Gardens, Lucknow.

Herbarium, New York Botanical Garden.



JAYAWEERA, MUSSAENDA

I wish to take this opportunity to thank the directors and curators

of the institutions named above for allowing me to examine the specimens

under their care. I wish also to thank in particular Dr. Richard A.

Howard, under whose supervision and guidance this investigation was

conducted, and Dr. Lily M. Perry, for her unfailing interest and en-

couragement. Mrs. Lazella Schwarten, librarian of the Arnold Arboretum

and Gray Herbarium, was of immense help to me in tracing pertinent

literature, and Drs. Bernice G. Schubert and C. E. Wood, Jr., have

contributed materially in their editorial capacities. Further, I wish to

express my appreciation and deep gratitude to the Rockefeller Founda-

tion, for grant of scholarship funds during this period, and to the Arnold

Arboretum, for a Mercer Fellowship.

Mussaenda Linnaeus, Sp. PL 1: 177. 1753; Gen. PL ed. 5. 82. 1754. 1

Erect or scandent shrubs or undershrubs, rarely herbs; stems branch-

ing, glabrous or pubescent; bark thin, gray or brown, lenticellate and

firm or papery, peeling off in flakes. Leaves opposite or ternately whorled,

petiolate, unequal, membranous, large or small, lanceolate to ovate or

obovate, entire, glabrous or hairy, the upper surface less hairy, more hairy

on the usually prominent veins below, apex acute or obtuse, long or short

acuminate, base long or short cuneate, equilateral or inequilateral, acute,

obtuse, rounded or sometimes subcordate; petioles varying in length,

thin or stout, pubescent or glabrous. Stipules interpetiolar, caducous or

persistent, large or small, membranous or thick, ovate to lanceolate or

oblong, opposite pairs sometimes fusing at their bases forming a ring

round the node, pubescent outside, glabrous or pubescent and with glands

inside, with 2 or more pairs of branching vascular strands, the apex

acuminate, acute and entire or bifurcate, the base expanded laterally

within the petiolar bases. Inflorescences terminal and from the axils of

the terminal pair of leaves, large or small, spreading or compact, few to

many flowered, dichotomous or trichotomous cymose corymbs. Flowers

small to large, heterostylous, bisexual, and radially symmetrical, sessile

or pedicellate. Bracts and bracteoles deciduous, linear to ovate, glabrous

or pubescent, bracteoles usually trifid or trilaciniate. Calyx tube oblong

to turbinate, lobes. 5, small or large, triangular, linear, subulate, lanceo-

late to obovate or foliar, deciduous or persistent, glabrous or pubescent

inside and/or outside with one or more pairs of glands at the base of

each lobe, vascular strands usually 3, the 2 laterals sometimes branching

at their bases; one lobe in some flowers often transformed to a large,

petaloid, white to yellowish appendage or sometimes all five petaloid.

1 The first collection of the 1 genus was made by Paul Hermann, chief medical

officer in the Dutch East India Company, in Ceylon, between 1672 and 1677, and

he gave it the vernacular name "Mussaenda." Hermann's plant was described by
Burmann in his Thesaurus Zeylanicus (173 7), and the name was then adopted by
Linnaeus, the plant becoming Mussaenda frondosa L., the type species of the genus.
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Fig. 1. Musuhhu > <> i M.lu, Iron a muc ,i collections by the

author) a, branch with inflorescence and peialom sepal: b-d, bracteoles; e,

bract; /, calyx lobes viewed from within to show glands at their bases; g-k,

stipules spread out and viewed from the adaxial surface showing degree of

pex and glands at base; /, longitudinal section of short-styled
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Corolla salverform, the tube white to greenish yellow, cylindrical, or in-

fundibuliform, broader at the top, short or lone;, glabrous or hairy out-

side and inside, hairiness varying according to the length of the style

and stigma, in short-styled forms with longer hairs at the throat and
between stamens and in long-styled forms with short hairs, hairiness

extending as far as the bases of anthers or shortly and scantily beyond,

sometimes as far as the base of the tube; hairs usually strap shaped,

but if globular becoming linear and longer below the stamens; corolla

lobes 5, yellow to orange-red, small or large, thick or thin, linear to

lanceolate to orbicular, acute, obtuse or rounded, apiculatc or caudate,

glabrous or hairy outside and inside, hairs papillate by extensions of

gradually shortening mouth hairs along the midline. Stamens 5, sessile or

with short filaments, epipetalous towards the middle or top of the tube,

never protruding beyond; anthers linear, dorsifixed, introrse, acute or

obtuse at the apex, sterile and bilobed at flic base, the lobes diverging,

protandrous, pollen sat- (Mm itn h m i!u linalh
, pollen grains usually

of two sizes, those from short-styled flowers larger than those from long-

styled forms. Ovary inferior, hairy or glabrous, obconical, fusiform, or

cylindrical, 2-loculed with numerous ovules on fleshy, peltate, axile

placentae; style long or short (heterostylous), filiform or stout, arising

from the middle of a fleshy, circular, nectariferous disc, sometimes grooved
on opposite sides, very rarely pubescent; stigma bilobed, long or short,

the lobes diverging or firmly appressed on their papillate, receptive sur-

faces. Fruit a berry, short, ellipsoid, globular or long-cylindrical, glabrous

or pubescent, sometimes lentirellale. with or without a crown of persistent

calyx segments: seeds numerous, minute, smooth or spiny, reticulate,

black or brown, triangular, oblong or ovate, embedded in a fleshy pulp;

t( t 1 1 trying number of foveae in the minute areoles;

endosperm present; germination epigeal.

Habtt. Species of Mussaenda grow in a variety of climatic and en-

vironmental conditions from sea level up to an elevation of about 2000 m.,

along river banks, sandy river beds, in sloping ravines, and at the edge

of the tropical jungle, ninth imige int -> gi.iv.-. v «, una - lope- 'Yw\

seem to prefer a well-drained, clayey or gravelly, humic soil. Most are

low or medium-sized shrubs which assume a climbing or scandent habit

at the edge of the jungle, so that various collectors have referred to climb-

ing shrubs, scandent shrubs, semiwoody climbers or lianas. A few species

which are vines or small trees also occur, so that the habit is not a

very reliable character taxonomically.

flower with tufted hairs at mouth and stamens in throat of the corolla tube; m,
longitudinal section of long-styled flower with tufted hairs at mouth and stamens
about halfway on the corolla tube; n, corolla from above; o, dorsifixed anther
with short filament and bilobed base; p, berry showing nectariferous gland on
top and scars left b\ I hi deciduous calyx segments; q, seed, showing reticula-

tions, foveae within reticulations omitted, a X >! b-j. In, p, ;< !><,; g-k, X 4-6;
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Some species prefer the shade of the thick jungle, but the majority

flourish in the semishade with opportunity for extending their branches

over the neighboring shrubs and at the same time flanking the open

side of the jungle, displaying their colorful "bracts."'

The stem is woody, lenticellate, often brittle with considerable pith

in the center. Young stems are glabrous or covered with whitish or

reddish-brown pubescence.

Leaves. The leaves are very variable in their form as well as in their

pubescence. The two leaves at a node are usually unequal in size and

in the length of petioles. Younger leaves are smaller and more pubescent

than older ones. Even on the glabrate leaves scattered hairs may be

found along the veins but are more frequent on the lower surface. The

pubescence on the leaves and the stem is also variable in the length of

the hairs, their placement, density, and location. In some species (Mus-

sacnda wrayi KiiiLr . .1/. hirsutissima Hutch, ex Gamble) the hairs are

long and more or less at. right angles to the surface of the leaf and stem,

but in others, though long, they are appressed to the surface, becoming

a felt-like mixture with other shorter hairs. In still other species, the

hairs are very short and appressed to the surface (M. laxa Hutch, ex

Gamble, M. calycina Wall.). Even the ''glabrous" species are hairy in

some part or other, especially in the mouth of the corolla tube or on the

stipules. Variations in the shape of the apex and base of the leaf even

in the same species are very considerable, while the number of pairs of

lateral veins in smaller leaves is less than in the larger ones in the same

plant. The petiole is short (M. sandenana Ridley. M. incana Wall.) or

long (M. scratchlcvi Wernh., M. bcnguetcnsis Elmer), characteristically

thick (M. lanata C. B. Robins., M. whitci S. Moore) or thin (M. ridleyana

Wernh., M. aestuarii K. Schum.). Usually the base of the lamina is cuneate

(M. laxa, M. scratchleyi) or acuminate-decurrent (M. atienui folia Klmer,

M. treutleri Stapf), rarely distinct from the petiole.

Stipules. The stipules are somewhat characteristic in many species of

the genus. Bases of the stipules at a node extend laterally into and are

overlapped by the bases of petioles. They may extend farther and fuse so

as to form a ring round the node, as in Mussacnda keenanii Hook. f. They

are rarely completely glabrous on both surfaces, and the pubescence varies

in the length of the 1 1, ii nil. i U and lot hon ui| ul ^ nearing complete

glabrousness but with a hand tail - he m dl ne outside (M. rid-

leyana) and also the margin (M. aestuarii) are encountered in some

species, while in others thev mav he completely glabrous inside but

hairy outside (M. glabra Yah], M. incana, M. macrophylla Wall. [Philip-

pine variety], M. keenanii, etc.). Stipule- are completely hairy on both

surfaces (M. treutleri, M. lanata, M. whitei) or hairy outside and inside

at the base only (M. glabrata Hutch, ex Gamble, M. hirsutissima, M.

vidalii Elmer, M. setosa Merr., M. scratchleyi, M . pilosissima Valeton, M.
aestuarii). In a few species (M. benguctensis, M. multibracteata Merr.)
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they are completely hairy outside, and inside at the apex and base only.

The si?e shape and bifurcation at the apex of stipules vary. The
stipules are large (Mussaenda keenanii, M. corymbosa Roxb.) or small

(M. glabra, M. jrondosa L., M. parryorum Fischer), acute or acuminate,

mostly bifurcate at the apex while in a few the apex is entire or faintly

bifid (M. magallanensis Elmer, M. chlorantha Merr., M. ridleyana). The
bifurcation of the stipule may extend up to yA — ]/3 of the way (M. albiflora

Merr., M. lanata), >^-^ of the way (M. setosa, M. philippica A. Rich.,

M. vidalii, M. laxa), more than halfway or almost to the base (M. pdla-

wanensis Merr., M. scandens Elmer, M. hirsutissima, etc.). The lobes of

these divisions are usually subulate, straight on the stem or diverging, a

character used by Gamble in the classification of some of the Indian

mussaendas.

The distribution of glands on the stipule is a character which has not

been exploited previously. The number of glands varies from few to many,
usually in paired groups, or may be continuous at the base. Mussaenda
glabra, M. palawanensis

, M. cylindrocarpa Burck
;
M . variolosa Wall, etc.,

have few glands at the bases of stipules, while in others they are numerous.

The two groups of glands run into each other and form a continuous band
in certain species (M. roxburghii Hook, f., M. keenanii, M. corymbosa,

M. anisophylla Vidal, M. erosa Champ., M. pilosissima).

The ontogeny and structure of the comparable glands have been worked
out by Mitra (1948) for Paederia foetida L. and Ixora parviflora Vahl.

The glands are periclinal divisions in the subepidermal layer, appearing

as protuberances. Each gland has a central core consisting of several

rows of elongated cells and a peripheral layer of palisade-like cells at

right angles to it. These glands contain mucilaginous and resinous secre-

The stipules are traversed by two to eleven pairs of vascular strands.

The smaller stipules possess two or three pairs of veins (Mussaenda philip-

pica, M. scandens), while the larger ones (M. corymbosa, M. keenanii, M.
anisophylla) bear about five to nine pairs which are branched.

Inflorescences. The type of inflorescence can easily be used to

distinguish certain species, such as Mussaenda uniflora Hutch. & Dalz.,

with one to three large flowers, and M. roxburghii, M. corymbosa, and
several others with the flowers condensed into heads or contracted cymes.

In other species the inflorescences are spread out or diffuse (M. philippica,

M. laxiflora Hutch., etc.). The presence or absence of hairs in the in-

florescences and the hair-color are also striking characters. The hairs

may be short and closely appressed (M. glabra) or long and spreading,

giving a grizzled appearance as in M. hirsutissima, M. wrayi, M. multi-

bracteata, and M. pilosissima. They are grayish white, brown, or reddish

brown in color.

The form and nature of bracts and bracteoles are not discussed here

as it is felt that their contribution is not significant owing to their

variability. However, they range from large to small, lanceolate to
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Calyx. The calyx consists of a tube which is fused with the ovary,

only the terminal segments emerging above the junction, though a portion

:i ill, -h ,,, nil ., •! ible joining the segments together at the top

of the ovary. These i'\ : segment an oi con ideral i importance in the

classification of the species. They vary from minute, triangular stubs

less than 0.5 mm. in len< h mleri Valeton) to large, ex-

panded white petaloid segments resembling mi called 'bracts" (AI. penta-

semia Fischer, AI. anomala Li, AI. philippica var. aurorae Sulit). The

sepals vary in length, shape, thickness, and pubescence, and each sepal

carries at the base one or more pairs of glands. The number of pairs of

glands seems to be characteristic of certain species. Several species (such

as M. jrondosa, AI. glabra. AI. incana, AI . lanata, AI. multibracteata, M.
scandens, AI t hit huithsima Men )

bear one pair of glands at the base of each sepal, while others (such as

M. macrophylla, AI. trcutlcri. AI. roxburghii. .!/. a/ biflora. AI. vidalii, M.
nervosa Elmer, AI . anisophylla) bear two pairs of glands. Still others

(such as M. kcenanii, AI. corynibosa, AI. hcnguctcnsis) carry three pairs,

and four or more pairs are borne by species such as AI. philippica and

M. oreadum Wernh. The number of glands does not seem to be a very

reliable character to be used alone, for the number varies even on indi-

vidual sepals of the same flower. Hairiness of the sepals, too, does not seem

to be constant. Sepals of AI. jrondosa. for instance, are always hairy

outside hut <d ilnnie inside or mi .r mud' \\ u \ . is I!

Each sepal is usually supplied by three vascular strands, the middle

strand arising as an extension of five alternating vascular bundles in the

wall of the ovary, which is supplied by ten strands. Branches from the

middle strands unite with branches of adjacent vascular bundles to form

the lateral strands of the sepal, and these may branch further in certain

species (Fig. 2). In broader-sepaled species transverse or arched inter-

vascular connections unite these vascular strands (.1/ nssacnda macro-

phylla. i)l. m ult i bract vata).

Corolla. The corolla tube is narrow and tapering or sometimes

infundibuliform. usually broadening above the point of attachment of the

stamens and varying in length from 1.1 cm. (AInssacnda lanata) to over

6 cm. (M. pluviatilis S. Moore). In most species the corolla tube is

pubescent outside, the hairs extending onto the outside of the petals but

towards the base becoming shorter and scantier, so that in some species

the tubes are almost glabrous at the base. The corolla tubes are entirely

glabrous in a few species, such as M. corymbosa. M. cylindrocarpa. and

M. scratchlcyi. In some species the hairs are short and appressed, while

in others they are long and directed forwards or horizontally (AI. viacro-

phylla, AI. multibractcata, and AI. vidalii).

Hairiness inside the lube appears to be associated with heterostyly in
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this genus and offers characteristics of morphological and taxonomic

interest. Long-styled forms usually bear shorter hairs (0.16-0.5 mm. long)

than in short-styled forms (hairs inside 1.2-2 mm. long), except in the

Mussaenda jrondosa group. In all Indian mussaendas they are tufted at

the mouth of the tube, a feature not observed in the Philippine and New
Guinea species. Hairs are absent from inside the tube in the long-styled

forms of M. grandijolia, except for a few short ones at the base of the

corolla lobes. Elmer (1906) in describing this species says, "Corolla

yellow, 3 cm. long, tubular, broadest across the top, exterior pubescent,

lanose on the interior." However, the type collection was examined by
me and found to be glabrous inside. In M. ridleyana the hairs are long,

stiffish, and tapering. Hairs in the long-styled forms of species such as

M. aestuarii and M. oreadum are globular (0.16 mm. long) extending as

far as the base of anthers, becoming longer (0.26 mm. long), linear, and

strap shaped lower down in the tube, which is glabrous at the base. Hairi-

ness inside the tube generally extends as far as the base of the anthers or

a little lower, but in certain species it extends to y2 , %, %, 9/10 , or the

entire length of the tube. Species such as M. roxburghii are not only com-

pletely hairy inside but also possess a tufted ring of hairs at the base, a

very useful specific character.

The corolla lobes vary in size, shape, and color (yellow to orange-red).

They are lanceolate to ovate or suborbicular (broader than long) in the

Indian and Philippine species, except in Mussaenda albiflora, the lobes of

which are linear. The species of New Guinea, on the other hand, show a
larger range of variations. In these the corolla lobes may be oval (M.



120 JOURNAL OF THE ARNOLD ARBORETUM [vol.xliv

oreadum), obovate (M. aestuarii), oblong-lanceolate (M. ridkyana), or

oblong (M. jerruginea K. Schum., etc.). They are hairy outside, and

glabrous or covered with papillate hairs inside.

Androecium. The stamens are epipetalous, all attached at the same

level in a ring, the position of which varies from below the middle to the

top portion of the tube. They are inclosed in the tube and never protrude

beyond the mouth. Hairs in the throat extend between anthers. The

free portions f the filament are very short (1-3 mm. long) (or are

absent in exceptional cases, such as Mussaenda oreadum and M. aestuarii),

adhere to the tube through their entire length, but exceptions in which they

become free for a short distance have been observed in M. macrophylla

(Philippine material) and several others. The dorsifixed anther is linear,

short or long, acute or obtuse at the apex; the base is bilobed, with the

sterile lobes rounded and appressed or diverging. The anthers are generally

longer in short-styled forms than in long-styled forms. In some specimens

of the long-styled forms examined the anthers do not appear to shed

their pollen (M. glabra, Parkinson 1692; M. scratchlcyi, Clemens 523),

possibly an evolutionary tendency towards functional dioecism.

Gynoecium. The ovary is obconical, oblong or cylindrical, hairy or

glabrous, and somewhat smaller in the short-styled forms. The wall is

supplied by ten vascular bundles which branch at the bases of the sepals,

supplying them with vascular strands but at the same time forming a con-

tinuous ring at the top. The style arises from the center of a nectarif-

erous disc located at the top of the ovary. The style usually disappears

in the fruit, but in a few it persists as a pointed structure (a distinguish-

ing feature of Mussaenda attenuijolia). In all species the styles and

stigmas of long-styled forms extend as far as the mouth of the corolla

tube and lie surrounded by long, linear, strap-shaped hairs, while those

of short-styled forms are much reduced and do not grow beyond the

anthers. Extreme reduction is shown in some of the Javanese forms of M.
glabra. The proportion of stigma to style varies from species to species.

Stigmas over 1 cm. in length were observed in M. grandijolia (Edano

77424), M. bengmltusis (Lolwr 1523), M. cylindrocarpa (Sigajoos 97),

and M. aestuarii (Brass 3896), while the stigma in M. pluviatilis (Brass

24306) was very small, though its style was over 6 em. long. A style

pubescent at the top was observed for the first time in the genus in M.
oreadum from New Guinea (Brass 32073).

Fruit and seed. The fruit is a fleshy berry which varies in size, shape,

and pubescence. In 1/'- / i e l< than 1 cm. long,

while in M. pluviatilis it is over 3 cm. in length. Tt may be oval, ellips-

oid, clavate, cylindrical, oi fusiform, pubescent or glabrous, smooth or

rugose, with or without lenticels. The calyx may be persistent on the fruit

or deciduous leaving conspicuous scars behind. The seeds, too, vary in size

and shape. They are usually very small, numerous, varying in length from

about 0.5 mm. to over 1 mm., attached to cushion-shaped, fleshy placentae.
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The only instance where they are embedded in the placental cushion is in

M. parryorum, a fruit of which may contain about 80 seeds, while the

normal number of seeds in a fruit of Mussaenda exceeds several hundred.

The seeds of species such as M. keenanii, M. roxburghii, and M. laxa are

small (0.36-0.76 mm. long), while in others (M. incana, M. treutleri, M.
hirsutissima) they are comparatively larger (6.9-1.16 mm. long). They

are minute, somewhat plump, reticulate, oval, oblong, broadly ovate, pyri-

form or triangular in shape. The testa is made up of an irregular network

of minute ridged areas or areoles which are foveolate. This foveolate

character of the areoles of the testa was used by Bremekamp (1952) to

group some genera of the Rubiaceae together into closely related tribes.

The number of foveae in the areoles of the testa in some species is less

than in others. There is a range of overlapping limited by a fixed maximum
for each species. The seeds of M. grandifolia bear 1-4 foveae in the testa

areoles, while those of M. lanata, M. anisophylla, M. griffithii \\ ight. eh

bear 3-6 foveae. A greater number of foveae (4-12) are borne in seeds of

M. chlorantha, M. magallanensis , M. nervosa, etc., while the largest num-

ber (5-18) occurs in M. parryorum. Mussaenda glabra, however, bears

seeds with two distinct numbers of foveae (2-7 and 3-14) in the areoles

of the testa. The significance of this is not yet clear. The points at which

the areolar ridges meet in the seed are usually raised, but in some species,

such as M. glabrata and M. scandens, these points develop into conspicuous

spines. The hilum is located at the narrow end of the seed or at the back.

The characters of the fruit and seed discussed above are of diagnostic

Heterostyly. In the preceding discussion mention has been made of

long-styled and short-styled flower types. Burck (1883) appears to have

been the first botanist to report a heterostylous condition for Mussaenda
when he discussed some species cultivated at Buitenzorg (Bogor). More
recently, Baker (1958) noted the occurrence of this condition in some spe-

cies in Ghana. The many taxonomists who have described species of

Mussaenda have usually given detailed measurements on the length of the

style, the position of the anthers, and the nature of the hairs in the throat

of the corolla, but apparently not one has been aware of the heterostyly

in this genus. It was apparent in the Asiatic specimens available for this

study that some "species" differed only in their style-anther relationships.

In the random collections assembled only a few species were not repre-

sented by both long-styled and short-styled forms. In extreme examples

the long-styled forms had styles exceeding those of short-styled flowers

on a ratio of 12 to 1. The average ratio appeared to be between 3 and 5

to 1. A few species showed no major difference in style length, but the

length of the stigmas was in contrast between the two types.

The following tabulation (Table I) reports the length in millimeters

of the style, stigma, ovary, and anther respectively for long-styled (L. S.)

and short-styled (S. S.) flowers for species from India and Ceylon, the

Philippines, and New Guinea.
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India and Ceyloi

. I Hot. Gard. Calcutta)

. (Kumphovi'tivr <J5-L Galathea

Exped.)

. S. (Jayaweera, Ceylon)

. {Gamble 9565, Sikkim)

. {Hook. f. & Thomson 20

33133, Luzon)

lias 29885, Negros)

lamos & Edano 31107,
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Table I {Continued)

. (Edano 77424, Palawan)

L S. (Convocar 2820, Luzon) 17

S. S. (Ramos & Edano 28783

Luzon) 3

A. NERVOSA

! S. {Elmer 10510, Mindanao) 17

S. S. {Ramos & Edano 26422,

Luzon) 14.5

A. PALAWANENSIS

S. S. {Ebalo & Conklin, Palawan) 4

A. PHILIPPICA

L S {Ramo ,0 1 > Mai mdu.mes) 20

S. S. {Sulit & Conklin 16840,

Mindoro) 2.5

: S (\itlu ,'i Co,,],!;,, 17fn2,

Mindoro)

S S ( Sulit 18877, Luzon)

L. S. {Elmer 11309, Mindan;
:• S (Ramo.s & Edano 39035

Mindanao)

T S (Brass W6 Dieni

)

S. S. (Brass 3947, Dieni)

M. CYLINDROCARPA

L. S. (Hort. Bogor 416, cult

S. S. (Brass 7346, Papua)

M. CYLINDROCARPA var. TOMEN
L. S ( Sigafoos 97, Sentani 1
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I,. S. (\\omrrsley& Millar 7880,

Morobe Dist.)

S. S. (Brass 32492, Morobe Dist.)

S. S. (Brass 13065, New Guinea) 6.2 2 4-4.5 6-/

M. SCRATCHLEYI

L. S. (Brass 5333, Mafulu) 16 5 4.5 5.5

S. S. (Clemens 523, Morobe Dist.) 7.5 2,1 3 6

M. WHITEI

L. S. (Brass 11682, Balim River) 21-2 3 6.5-7 5 6.5-/

In the flowering plants heterostyly represents a functionally dioecious

condition. In Mussacnda this is apparently true of all the species ex-

amined. There is also some indication that, given time, a heterostylous

condition will lead to actual dioecism or unisexual flowers. In Mussaenda

the reduction in the length of the style from long-styled forms to short-

stvled forms has brought about a small but corresponding reduction in

the length of the stigma and the ovary. Short-styled flower types tend

to have slightly longer anthers than do long-styled tlower types. A few

long-styled ilower forms examined do not appear either to shed or to

form pollen. In short-styled flower forms there appears to be a reduction

in the number of ovules developed and a tendency for the stigmatic lobes

to remain appressed by their receptive surfaces in fully mature condition.

A comprehensive field' study of living plants is necessary to determine

whether there is a tendency in either long-styled or short-styled flowers

toward a greater sepal development into petaloid structures. Likewise,

no information can be obtained from herbarium specimens whether one

flower or the other tends to produce more fruit or a greater number of

The type of pubescence inside the corolla tube appears to be correlated

with the style length. With the exception of a group of species related

to Mussacnda frondosa, the short-styled forms tend to have longer throat

hairs than do the long-styled ones. As Baker has already suggested.

the throat hairs of the short-styled forms may well cause visiting insects
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to struggle for entrance to the nectar-bearing area and thereby cause them

to collect more pollen. In long-styled forms the insects would leave ac-

cumulated pollen on the diverging stigma lobes before approaching the

area of throat hairs. Tentatively, there appear to be five types of hairs and

pubescence in the corolla tubes of Mussaenda species. As listed below,

these may well serve as a means of grouping species for further study.

The hairs in the corolla throats of the different species of Mussaenda

can be divided into the following categories:

(1) Long, linear, strap-shaped hairs in the throat of both long-styled

and short-styled forms, e.g., the M. frondosa group, M. pluvia-

tilis, etc.

(2) Long, linear, strap-shaped hairs in the short-styled forms and

short, strap-shaped hairs in the long-styled forms, e.g., M. glabra,

M. philippinensis Merr., M. philippica, etc.

(3) Long, linear, strap-shaped hairs in the short-styled -forms and

short, globular hairs in the long-styled forms, e.g., M. aestuarii.

(4) Long, stiffish, tapering hairs in the throat of short-styled forms

(long-styled forms not seen), e.g., M. ridleyana.

(5) Hairs absent in the throat of long-styled forms (short-styled forms

not seen), e.g., M. grandijolia.

SUMMARY

The present study has attempted to show the range of variation to be

expected in the parts normally used in taxonomic descriptions of Mus-

saenda and the relative value of each. Heterostyly is recognized as general

in the genus, hence the exserted stigmas or length of the style prove of

little value in limiting species. Homostylous forms have not been en-

countered in the specimens studied. A great many observations need to

be made on living plants to aid in a future monograph.

Several groups of characteristics not used by previous students of the

group are suggested as of potential value. These include the nature of

the glands inside the stipules, the types of hairs found in the throat of

the corolla, and the sculpturing of the seeds. The morphological character-

istics which appear to be of greatest taxonomic usefulness are:

Habit (herb, shrub, or tree).

Type of inflorescence and number and distribution of flowers.

Presence or absence of petaloid sepals.

Type of fruit (dry capsule, berry, or fleshy capsule).

Number and distribution of glands inside the stipules.

Type of hairs inside the corolla tube.

Presence or absence of hairs on the style.

Size, number, and ornamentation of the seeds.
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COMPARATIVE ANATOMY OF THE LEAF-BEARING

CACTACEAE, VII

THE XYLEM OF PERESKIAS FROM PERU AND BOLIVIA

I. W. Bailey x

The putative species of Pereskia, viz. P. humboldtii Brltt. & Rose,

P. vargasii H. Johnson, P. weberiana K. Schum., and P. diaz-romeroana

Card., which occur east of the higher elevations of the Andes in Peru and

Bolivia have been described as shrubs or trees varying in height from one

to six meters, and having numerous slender terminal branches a few

millimeters in diameter. These plants are characterized by the small size

of their flowers, fruits and leaves.

The largest stems of which I have succeeded in obtaining anatomical

material are six centimeters in diameter in the case of P. diaz-rom< oana

five centimeters in that of P. humboldtii, and three centimeters in that of

P. weberiana.

The secondary xylem in stems of these representatives of Pereskia is

of a dense form (Figs. 1, 2), resembling that which occurs in shoots of

comparable diameter in the case of P. sacharosa Griseb. described in the

preceding paper of this series (Bailey, 1962). As in P. sacharosa, the ves-

sels which occur singly and in small clusters are distributed either diffusely

(Fig. 2), particularly in the earlier formed secondary xylem, or in more or

less zonate patterns (Fig. 1), in subsequently formed wood of large stems.

The libriform fibers which commonly are septate and starch containing

are abundant and thick walled. The wood parenchyma tends to be scanty

paratracheal, but arcs or zones of more abundant parenchyma occur at

times, especially where the vessels exhibit zonation in their distributional

pattern (Fig. 1). In such arcs of wood parenchyma some cells having

very thin unlignified walls occur at times. Furthermore, where multi-

seriate rays pass through patches of unlignified wood parenchyma their

cells also may have unlignified walls as occurs in some stems of P. aculeata

Mill. (Bailey, 1962). Occasionally in large stems close to the level of the

ground, broad zones of unlignified wood parenchyma and ray parenchyma

are formed. Such zones may contain isolated clusters of lignified vessels

with scanty lignified paratracheal parenchyma.

As in stems of Pereskia sacharosa, the multiseriate rays vary in height,

breadth and form and in the intervals between them as seen in transverse

sections of the xylem (compare Figs. 1 and 2). When first formed, those

which extend outward from parenchymatous gaps in the eustele, tend to

x This investigation was financed by a grant from the National Science Founda-

tion. I am indebted to the American Philosophical Society for the loan of a Wild
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be vertically extensive and subsequently to be dissected into lower deriva-

tives (Fig. 3). In the outer xylem of large stems their derivative parts

tend to be more or less laterally displaced (Fig. 4), during increasing

girth of the cambium. In addition, there is some tendency for the rays to

become broader, as well as lower, during their radial extension outward
(compare Figs. 3 and 4). The cells of the innermost part of the first

formed multiseriate rays are of "erect" form and subsequently are suc-

ceeded by more or less isodiametric and even slightly "procumbent" ones.

Such changes in the form and orientation of I he ray cells vary in magni-

tude and may be precocious or considerably delayed. At times erect cells

are retained on (he sides and upper and lower margins of the rays (Fig.

4) as in some stems of P. sacharosa.

In the third paper of this series (Bailey, 1961b), I noted that where
the multiseriate rays of the leaf dealing earfi are composed throughout

of cells with thick, heavily lignil'ied walls deposition of crystals of calcium

oxalate when it occurs does so in the form of single crystals or several

independent ones, aggregation into druses being absent or of rare oc-

currence. On the contrary, where the rays or parts of them are composed
of cells with thin, unlignified walls such rays or parts contain numerous
druses. Although patches of unlignified ray tissue are of limited and
sporadic occurrence in stems of the Andean pereskias, the lignified parts

of the rays, as well as the unlignified areas, contain druses. This suggests,

as does the occurrence of some druses of rotund form in the outermost
layer of the cortex and the character of the foliar vasculature (Bailey,

1960), that in these species there may be tendencies towards trends of

phylogenetic modifications such as become exaggerated in Quiabentia and
Pereskiopsis.

In the Peruvian and Bolivian pereskias, as in Pcreskia aculeata, the

primary vascular cylinder and pith vary from one or two millimeters to as

much as a cent te i d m eter. Furthermore, as in P. aculeata, the

number of fascicular strands is fewer than in stems of comparable
diameters of P. sacharosa. This appears to be correlated with the fact

that P. aculeata and the Andean pereskias tend to have less modified

2-trace unilacunar nodes than in the case of P. sacharosa.

In stems of the Peruvian and Bolivian pereskias, as in stouter young
stems of Pcreskia sacharosa, broadening of the parenchymatous gaps in

the eustele allows for an increase in circumference of the primary vascular

cylinder and enlargement of the pith after cambial activity is initiated in

the fascicular parts. However, there is less broadening of the first formed
part of the multiseriate rays than in comparable steins of P. sacharosa,

two or three rays rather than a single very broad one extending outward
from the parenchymatous gaps of the eustele, 1 1 should be emphasized in

this connection that the lend i i , i -e in circumference of the

eustele and concomitant enlargement of the pith after cambial activity is

initiated in the fascicular strands of the primary vascular cylinder becomes
increasingly exaggerated and <»t fund >m m ,1 mhIh nm n, ,,ioi u« ui

lent terms of cacti.
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The underground parts of Pereskia humboldtii of Peru and P. diaz-

romeroana and P. weberiana of Bolivia are characterized by having more

or less numerous, spindle-shaped and globular, tuberous appearing en-

largements which may attain diameters of four centimeters. Some un-

swollen parts of the underground ramifications fourteen millimeters in

diameter, when sectioi md ramined with a hand lens, superficially

resemble rhizomes in internal structure. As shown in Fig. 6, there is a

cylinder of dense secondary xylem enclosing a pith-like core of soft tissue.

However, in thin transverse sections (treated with phloroglucin-hydro-

chloric acid as a test for lignification and examined under higher magni-

fication) one finds that there are no strands of primary xylem subtending

the cylinder of lignified secondary xylem, the only remnants of such

strands occurring near the center of the axis. Furthermore, the form and

radial arrangement of thin-walled unlignified cells in the central core

indicate that most of the tissue was formed by cambial activity and con-

tains isolated strands of lignified vessels (Fig. 6).

That such a root structure is due to drastic modification of the derivatives

of cambial activity is demonstrated by variations in the internal structure

of different roots from the same plant. In some roots, e.g. inner part of

Fig. 5, the multiseriate rays are unlignified as in roots of Pereskia aculeata

(Bailey, 1962). In their extensions outward such rays may exhibit alterna-

tions of lignified and unlignified cells. Other roots, while retaining vestiges

of a primary body typical of roots, have early cambial activity which forms

a larger proportion of unlignified parenchyma. In such roots (Fig. 7) the

cambium may subsequently form a cylinder of lignified secondary xylem

which at times contains relatively few vessels. This cylinder, as in Fig. 7,

may be succeeded in certain cases by an outer zone having a markedly

reduced proportion of lignified cells. In larger roots having broad cylinders

of normal appearing secondary xylem (Fig. 6) the derivatives of both

fusiform and ray initials may have thick lignified walls throughout the

cylinder. The vessels which occur singly and in small clusters may be

more or less diffusely distributed. In other cases, the vessels exhibit con-

spicuous zonation in their distribution and patches or arcs of unlignified

cells may be present.

Transverse sections cut adjacent to fully matured tuberous enlarge-

ments of the roots as shown in Fig. 8 resemble those shown in Fig. 6 in

having a cylinder of lignified secondary xylem surrounding a core of un-

lignified tissue. However, the transition between unlignified and lignified

secondary xylem may be less abrupt and uniform, with narrow wedges

of lignified tissue extending inward toward the center of the root. Further-

more, the first unlignified cells formed by the cambium exhibit conspicuous

enlargement and changes in form and orientation. Particularly between

the slender, radially oriented wedges of lignified tissue the enlarged cells

have a tangential, rather than a radial, orientation, indicating additional

enlargement of the central core of unlignified tissue during early onto-

genetic stages of the formation of the root.

The fully matured tuberous swellings of the root system are composed
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largely of a greatly enlarged core of unlignified tissue, formed by the

cambium and subsequently much expanded by enlargement of its consti-

tuent cells. The formation of a tenuous cylinder of lignified secondary
xylem is deferred to the final stages of cambial activity (Figs. 9, 10).

In the central core of soft tissue the radial sedation of' recently formed
derivatives of the cambium becomes displaced and more or less rapidly

modified by subsequent enlargement of I he unlignified cells (Figs. 9, 10).

Relatively few strands of lignified vessels are formed in the soft tissue.

Those that are. become more or less extensively disrupted and displaced

during enlargement of the unlignified derivatives of the cambium (Fig. 10).

In the few tuberous swellings available to me, the immature ones contain

abundant starch, whereas in the case of fully matured ones the central

core of unlignified cells contains comparatively little starch. This raises

an important question regarding the physiological function of the tuberous
enlargements.

In both unswollen and swollen roots examined by me all unlignified

parts of the secondary xylem — whether formed by fusiform or ray initials

of the cambium — contain some cells with inclusions of druses. However,
as in the case of stems, druses also occur in lignified parts of the rays.

Furthermore, in all roots there tends to be a precocious and abundant
development in the secondary phloem of huge fiber sclereids (Figs. 7, 9. 10)
of a characteristic form discussed in ihe second paper of this series (Bailey.

It is evident that I'ereskia humboldtu of Peru and P. diaz-romeroana
and P. weberiana of Bolivia are characterized by the potentiality of form-
ing tuberous swellings on their roots. No material of the white-flowered
variant of P. humboldtii, viz. P. var^asii, is available at present. Cardenas
states (personal communication) "the presence of the swellings on the

roots of Pcrcskia diaz-romeroana and P. weberiana, of variable size (0.5-

10 cm.) and either globose or spindle shaped seems to be related to the

dry environment in which these plants grow in the wild ... I have seen
in many places those chains of swellings hanging out of the soil where
soil was disintegrated by erosion. ... I have seen P. sacharosa in the wild
at North Argentina in flat soils with normal roots, that is without swellings.

... In the low land of Bolivia they used to grow this latter Pcrcskia as

fences in flat so i

These comments of Dr. Cardenas raise morphological, physiological and
taxonomic questions of conshlerabli significance. Is the occurrence of

tuberous swellings on the roots of Andean pereskias an "obligate" or "facul-

tative" phenomenon? In other words, do these pereskias form such tuber-

ous enlargements when grown in richer moist soils in level environments?
Conversely do other pereskias, e.g. P. aeuleata, P. sacharosa, P. conzattii

Britt. & Rose, etc., do so when grown in excessively dry habits?
1

!

'' ,- i« •/, ! fonn tuberous enlargements
in richer moister soils is revealed by plants under cultivation in Norman.
Oklahoma, and Berkeley, California. Dr. Boke states (personal communi-
cation) "my specimens of P. diaz-romeroana (1 year old) have the tuberous
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growths of which you speak. They are growing in rather rich soil and they

get plenty of water during the summer months." Mr. P. C. Hutchinson

writes "I have examined only P. humboldtii in the wild, and we have two

seedlings of it here, both of which form tubers early in the seedling stages.

P. diaz-romeroana cultivated outside here from seed, and now mature has

formed them also on all plants." Therefore, it appears probable that the

formation of tuberous enlargements is a genetically "obligate," rather than

a "facultative," phenomenon in the case of P. humboldtii and allied taxa.

Thus it appears to be a significant diagnostic characteristic of these peres-

My material of roots of other pereskias does not have tuberous enlarge-

ments. The swollen roots of pot-bound plants are not homologous anatomi-

cal structures. Mr. Hutchinson states (personal communication) "As to

whether other species than these three form such structures, so far as we

know, they do not." Therefore, whether other pereskias ever form tuberous

enlargements when growing under unusual environmental influences must

remain for the present an inconclusively answered question.

DISCUSSION

Although the secondary xylem in stems of the Andean pereskias in gen-

eral resembles that in shoots of comparable sizes of Pereskia sacharosa, it

differs in the sporadic occurrence of small patches of unlignified tissue and

in the common occurrence of druses of calcium oxalate in its lignified multi-

seriate rays. It is in their roots that the Andean pereskias differ most

drastically from P. sacharosa and exhibit possible relationships to P. acu-

Many roots of Pereskia sacharosa are of normal dicotyledonous structure,

the multiseriate rays throughout their radial extension being composed of

cells having relatively thick, lignified secondary walls. However, in some

roots of this species the inner parts of the first-formed multiseriate rays

close to the primary xylem are unlignified. Such unlignified parts do not

contain druses of calcium oxalate and little if any starch, their cells being

packed with granular contents of at least semi-proteinaceous composition.

This tendency for the elimination of secondary walls and lignification in

derivatives of the cambium, although detectable at times in stems of the

Andean pereskias, obviously becomes much exaggerated in their root sys-

tem, culminating in the formation of tuberous enlargements. The unligni-

fied tissue of these plants, as that formed in both stems and roots of Pereskia

aculeata, differs from P. sacharosa in containing numerous druses of calcium

oxalate and more or less abundant starch. One may suspect from a physio-

logical point of view that the much exaggerated tendency toward the for-

mation of druses of calcium oxalate in roots of the Andean pereskias is ex-

tended into the lignified rays of the stem.

As demonstrated in the second paper of this series (Bailey 1961a), there

are three distinct categories of pereskias which can be differentiated by con-

sistent differences in the form and distribution of sclereids in their second-
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ary phloem. Pcrcskia aculcata, the Andean pereskias, and species from
southern Mexico and Central America occur in one of these categories,
whereas P. sacharosa together with P. grandijolia, P. bleo, P. corrugata and
P. tampicana occur in a second category.

In the preceding paper of this series (Bailey, 1962), it was shown that
the vinelike habit of growth and the secondary xylem of Pcrcskia aculeata,
in contrast to those of P. sacharosa, tend to negate anv possibility of con-
sidering this species to be one of the most, if not the most, primitive living
representative of the Cactaceae. Similarly the highly modified structure in
roots of the Andean pereskias negates the conclusion that these species have
retained primitive structures in all of their organ, and parts. Indeed, avail-
able evidence indicates that in the Cactaceae, as in many other families of
angiosperms, trends of phylngenctic specialization in reproductive and vege-
tative parts are not always closely synchronized. Reliable clues regard-
ing the form and internal structure of ancestral Cactaceae, in the absence
of fossils in the geological record, can be obtained at present onlv bv syn-

'idcin :' from a /mg genera and specie;
Of pereskias thus far dealt with in this .erics of papers, P. sacharosa
significant in having less advanced specializations in both its flowers and
its secondary xylem. Therefore, it will be of interest from both phylogenetic
and taxonomic points of view to compare the form and internal structure
of this species with those of pereskias from southern Mexico and Central
America, from eastern and northern South America and from the West

I.ITKR \TURE (TTKS;

Arb. 41: 341-356.

. 1961a. II. Structure and distribution of sclerenchvma in the phloer
"I P> •< km Pn < ,

i ind i »/«
, h ntiu Ibid 42: 144-156.

. 1961b. III. Form and distribution of crystals in Pereskia, Pereskiopsi

I Pneskia ,u I't.-ahi I hid

EXPLANATION OF PLATES

PLATE I

Figs. 1-4. Transverse and tangential longitudinal sections of the secondary
xylem of stems. 1, Transverse serin,,, of the outer secondare xylem of a large
stem of Pereskia diaz-romcroaua

\
Cardenas |, X 1 1. 2, Transverse section of the

inner secondary xylem of P. aft'. Intmboldtii \Perreyra N20D], X 11. 3, Tangen-
tial section of the outer secondary xylem of P. weberiana

\
Cdrdenas\. X 43. 4,

Tangential section of the outer secondary xylem of larger stem of P. diaz-romero-
aiia

|
Cdrdcnas\, X 43.
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PLATE II

Figs. 5-6. Transverse sections of roots treated with phloroglucin-hydrochloric

acid. 5, Xylem of Pereskia weberiana [Cardenas] showing unlignified parts

(white) of multiseriate rays, X 34. 6, Xylem of P. aff. humboldtii [Ferreyra

14204] showing central core of unlignified tissue (white) which contains scat-

tered strands of lignified vessels and abundant druses of calcium oxalate in its

PLATE III

Figs. 7-8. Transverse sections of roots treated with phloroglucin-hydrochloric

acid. 7, Slender root of P. aff. humboldtii [Ferreyra 14204] showing unlignified

parts of xylem (white), also the occurrence of fiber-sclereids in the outer second-

ary phloem and cortex, X 22. 8, Section of root adjacent to spindle-shaped

tuberous swelling of P. aff. humboldtii [Ferreyra 14204], X 11.

PLATE IV

Figs. 9-10. Transverse and radial longitudinal sections of fully matured

tuberous enlargement of P. aff. humboldtii [Ferreyra 14204], treated with

phloroglucin-hydrochloric acid, X 11. 9, Transverse section showing part of the

huge core of unlignified tissue (light), narrow outer zone of lignified secondary

xylem (dark), abundant fiber-sclereids in the outer secondary phloem, and the

occurrence of druses in many cells of the unlignified core. 10, Radial section

showing the same structural features, also disruption of isolated strands of

lignified vessels during enlargement of derivatives of the cambium in the central

part of the unlignified core. In this section most of the druses were dissolved

during prolonged treatment in phloroglucin-hydrochloric acid.
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THE LOASACEAE IN THE SOUTHEASTERN UNITED STATES 1

Wallace R. Ernst and Henry J. Thompson

LOASACEAE Dumortier, Comment. 58. 1822, "Loaseae," nom. cons.

(Stick-leaf Family)

Perennial herbs [to woody or annual |, usually scabrous with barbed
hairs. Flowers bisexual, regular, epigynoi:- IViianlh iwlic, usually 5|4-
7]-merous and 2-seriate. Sepals persistent. Corolla apopetalous [to sym-
petalous, sometimes with petaloid staminodia alternate with the petals].

Stamens usually many [sometimes laseiclcd. petaloid, or 5 and alternate

with the petals] ; anthers basifixed, laterally dehiscent by longitudinal slits,

usually 2-locular ai .mlhesis |or seldom 1 -Jocular, suhsessile, and epipeta-

lous]
;

pollen 3-colporate. Gynoecium syncarpous; stigmas usually con-
nate; style often persistent; ovary inferior, usually I locular, with 3 [1,

4-6] parietal placentae; ovules few [or 1 and pendent, to numerous],
anatropous, 1-integumented. Fruits dry, ± dehiscent [to indehiscent and
1 -seeded 1. Seeds various; embryo straight or somewhat hooked. Type
genus: Loasa Adanson.

About 14 genera and perhaps 200 species of temperate and tropical

America to altitudes above 4,000 m. Only Fissenia R. Br. ex Endl. \Kis-
senia of authors |. exceptional in several respects, occurs in the Old World
with one species in SouthWest Africa and another near the mouth of the
Red Sea. About foui genera, all with ranges extending southward at least

into Mexico, occur in the United States; two species of Mentzelia occur in

Loasaceae have been divided into three subfamilies. Gronovioideae Gilg
have five stamens and indehiscent, one-seeded fruits presumed to be
formed of a single carpel; Loasoideae [including the aberrant Fissenia]

have many centrifugal stamens in fascicles opposite the petals and elabo-
rate, petaloid staminodia alternate with the petals; and Mentzelioideae
Gilg usually have many centripetal stamens, sometimes a few of them

' Prepared for a generic flora < >t the southeastern I'nited Slates, ;l joint project of
\,m,U Vhnvtum and the Gray Herbariumi made possible through the support

George R. Cooley and the Nat
(i c. u..i! in; and Carroll E. Wood, Jr. This tireatment follows the style established
he first ,,.aper of the series, Jour. Arnold Art.. 39: 296-346. 195S

me 43. The area cc as in earlier treatmcmts, is bounded
and inelu des North Carolina, Tenner a, Art a. The descrip-

>rimarily to the plan ts of this area, with supplementary information in
kids. TIi s. Gordon W. Dillon. Material for
domical Miidy was provided by Dr. P. H. Raven and by Dr. K. L . Chambers.



1963] ERNST & THOMPSON, LOASACEAE 139

well marked, particular!} in the Norlhen Hemisphere 1^

the characteristic barbed, rigid hairs lending a scabrous or adhesive quality

to the herbage and giving rise to the names "stick-leaf" and "sandpaper

plant." The hairs, seldom important taxonomically, are exceedingly vari-

able, often with several forms on one plant, in some instances smooth,

glassy, needle-sharp, and swollen at the base. They appear to be primarily

one-celled, often from multicellular platforms, and sometimes with a

cystolith-like body; multicellular as well as glandular hairs are also re-

ported.

The elaborate development of the staminodia in the Loasoideae, the

timing of anthesis of some Mentzelioideae, the tendency for a tubular

corolla in some taxa (probably all favoring certain pollinators), and the

nature of the seeds are significant taxonomically. An inconsistency in floral

symmetry is evident when there are as many placentae as sepals ; in some

instances the placentae are opposite the sepals and in others alternate with

them.

Although relationships with other families have been supposed by sev-

eral authors (see Gilg, p. 529), Loasaceae are without close morphological

allies.

46, 54, 67, and 12 have been repori

Dandy, J. E. Notes on Kissenia and the geographical distribution of the Loasa-

ceae. Kew Bull. 1926: 174-180. 1926. [Fissenia distribution maps.]

Dickson, A. On the morphological constitution of the androecium of Mentze-

lia, and its analogy with that of certain Rosaceae. Trans. Bot. Soc. Edinb.

8: 288-298. pi. 4. 1866. [Comments on Payer's suggestion of dividing

Loasaceae on the basis of centripetal and centrifugal stamens.]

Gilg, E. Loasaceae. Nat. Pflanzenfam. III. 6a: 100-121. 1894. [Important

synopsis; see also ibid. ed. 2. 21: 522-543. 1925.]

Greinert, M. Beitriige zur Kenntniss der morphologischen und anatomischen

Verhaltnisse der Loasaceen, mit besonderer Berucksichtigung der Behaarung.

Doctoral diss., Univ. Freiburg. 58 pp., 1 pi. 1886.

Jussieu, A. L. de. Memoire sur Loasa, genre de plantes qui devra constituer

avec le Mentzclia, une nouvelle familh \nn v-iu Hi i Nat. Paris 5: 18-

27. pis. 1-5. 1804. [Provisional description of Loasaceae, later validated by

Dumortier to whom the family name is attributed; illustrated.]

Miers, J. On Gripidea, a new genus of the Loasaceae. with an account of some

peculiarities in the structure of the seeds in that family. Trans. Linn. Soc.

25: 227-237. pi. 28. 1865.

Payer, J. Traite d'organogenie comparee de la fleur. 2 vols. Masson, Paris.

185 7. [Stamens centripetal in Mentzelia ("Bartonia nuda") and centrifugal

in Cajophora laterita; see Dickson.]

Pritzel, E. Der systematische Wert der Samenanatomie, insbesondere des En-

dosperms, bei'den Parietales. Bot. Jahrb. 24: 348-394. 1897. [Loasaceae,

382, 383.]

Racine, R. Zur Kenntnis der Bliitenentwicklung und des Gefassbiindelverlaufs

der Loasaceen. Doctoral diss. 46 pp., 2 ph. Rostock. 1889.
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Schriever, E. M. The Loasaceae of Oklahoma Proc. Okla Acad Sci 32-36-
38. 1952.

Sleumer, H. Die Loasaceen Argentiniens. Bot. Jahrb. 76: 411-462. 1955.

\

Mentzelia. Jj)(is,i, i'ajopliora. Blumenbachia.']
Urban, I. Die Bestaubungseinrichtungen bei den Loasaceen. Jahrb. Bot. Gart.

Bras. 13(3): 197-224. pis.

. Die Bliithenstande der Loasaceen. Ber. Deutsch Bot Ges 10-220-225
pi. 12. 1892.

.
Mliithcn- und Fruchtbau der Loasaceen. Ibid. 259-265. pi. 14.

& E. Gilg. Monographia Loasacearum. (In Latin.) Nova Acta Akad.
Leop.-Carol. 76: 1-370. ph. 1-8. 1900.

|
Basic morphologic and taxonomic

monograph; subt in, t mnovioidea M nt lioideac and Loasoideae.
]

terkai.l, U. T. A revision of Eucnide. Rhodora 61: 231-243. 1959.

Subfam. MENTZELIOIDEAE Gilg

1. Mentzelia Linnaeus, Sp. PI. 1: 516. 1753; Gen. PI. ed. 5. 2U. 1754.

Adhesive, usually brittle, intricately branched perennials [simple annuals,
or rarely arborescent], pubescent throughout with unicellular, usually
variously reflexly barbed to smooth hairs. Leaves alternate (to opposite],
pinnately veined and lobed, ± petiolate, reduced upward. Flowers soli-

tary and axillary, or in terminal, ± cymose, bracteate inflorescences, ses-

sile to ± pedicellate, often with a short hypanthium. Perianth 5-merous,
usually 2 -seriate. Petals 5 |or rarely apparently 8 or 10, sometimes grad-
ing into staminodia], ± free, yellow |or whitish to reddish-orange]. Sta-
mens few [to many |; filaments elongate, filiform [sometimes expanded or
bicuspidate apically], usually unequal, ± fused basally and adnate to the
petals. Stigmas represented by 3 furrows or a tuft of hairs; style filiform;

ovary with 3 (rarely 5| placentae; ovules few [to many] in 2 vertical rows
on each placenta. Fruit ± sessile, apically truncate and somewhat discoid,

± indehiscent [or forming 3 or 5 valves]. Seeds few (to many], pendent
[to horizontal], narrowly oblong or flattened pyriform [wrinkled to irre-

gularly angled or orbicular and sometimes winged]. Type species: M.
aspera L. (Named for Christian Mentzel, 1622-1701, physician and botani-
cal author of Brandenburg.) — Stick-leaf, blazing-star.

About 60 species of temperate and tropical America, concentrated in
the southwestern United States and Mexico, divided on characteristics of
the stamens, placentae, and seeds (the last probably the most significant)

into six sections by Gilg, seven sections by Urban' & Gilg, and four sec-

tions by Darlington. Mentzelia arboresreus Urb. & Gilg in Gilg, the only
species of § Dendromentzelia Urb. & Gilg in Gilg, is arborescent, has
flat, winged seeds, and ± opposite leaves. Section Mentzelia (§ Eument-
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zelia Torr. & Gray), largely of Mexico and South America, is represented in

our area by two species.

Mentzelia floridana Nutt. ex Torr. & Gray, poor-man's patches, In — 20,
2

with enlarged roots, reported from hammocks, sand dunes, and shell

mounds, may be restricted to Florida and the Bahama Islands. The seeds,

about six per fruit, are flattened pyriform and eventually ± loose in the

broad, brittle fruits. The closest affinities are with M. aspera, of Texas,

with M. adhaerens Benth., In = 20,- of Baja California, and with M. his-

pida Willd., of Mexico.

Mentzelia oligosperma Nutt. ex Sims, In = 22,r also with enlarged roots,

is known in our area from northern Arkansas and westward from Texas,

Missouri, and South Dakota to Colorado. The seeds, about three per

fruit, are oblong, ± 3-sided and are held tightly within the narrow, hard

fruits. The seeds resemble those of the monotypic § Micromentzelia Urb.

& Gilg of the western United States.

The stamens in Mentzelia, often unequal, are shorter toward the center;

of the microsporocytes proceeds centripetally. The filaments

:
connate basally and ± adnate to the base of the corolla, thus tend-

) hold the petals together when they fall off. In some species, the

filaments are expanded, apically bicuspidate, or petaloid.

The ovules are usually in two vertical series on each of the three placen-

tae, a feature not clearly evident in a single transverse section of the ovary,

especially when there are only a few ovules or seeds. The shapes of the

seeds, spectacularly diverse, and the time of anthesis of the flowers, which

may open in bright daylight or at dusk, provide important biological and

The affinities of Mentzelia are with Eucnide Zucc. (primarily of Mexico)

,

which is clearly distinct in its tendency toward somewhat more tubular

corollas and in its five placentae bearing numerous, minute, furrowed or

ribbed seeds. The genus Schismocarpus Blake, of Oaxaca and Chiapas,

Mexico, placed with the tribe Mentzelieae by Blake, is discordant in the

Mentzelioideae.

Chromosome numbers of In = 18, 20, 22, 28, 36, 54, and 12 have been

reported.

A few of the species are cultivated for their showy flowers.

Booth, W. E. Comparative anatomy of Mentzelia oligosperma and M. decape-

tala. Univ. Kan. Sci. Bull. 21: 439-461. 1933.

Cockerell, T. D. A. Hesperaster, a genus of Loasaceae. Torreya 1: 142, 143.

2 The chromosome numbers given above are new reports, determined from squash

somes were observed in Mentzelia floridana {Chambers 1280 [LA], Lower Matecumbe
Key, Monroe County, Florida), and in M. adhaerens {Raven 14771, 14800 [LA],

(Thompson & Ernst 1113 [LA], Payne County, Oklahoma).
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1901.
j
Suhst it lit <_ lor Kartt>nia Sims. ;i lain homonym of Bartonia Muhl.

(Gentianaceae).

|

Darlington, J. A monograph of the genus Mentzelia. Ann. Missouri Bot. Card.
21: 103-226. ph. 4-6. 1934.

Greene, E. L. The genus Nutlallia. Leall. Hot. Obs. Crit. 1: 209, 210. 1906.

[= Mentzelia; list of spp. ]

Macbride, J. F. A revision of Mentzelia. section Trachyphvtum. Contr. Grav
Herb. 56: 24-28. 1918. [Synonymy, distribution; western U.S.]

Palmer, E. J. Mentzelia albi r< e?w and Lorn, ra \ v
,

«

,

s /
, ww in Missouri. Rhodora

63: 118, 119. 1961. [Established „ u i

Rydberg, P. A. Some generic segregations. Hull. Torrey Hot. Club 30: 271-281.

1903. [Bicuspidaria, Toutcrca, and Aerolasia segregated from Mentzelia.]

Sims, J. Mentzelia oli^osperma. Hot. Mag. 42: />/. 77(50. 1815.

Small, J. K. Mentzelia floridana. Addisonia 4: 13. 14. pi. 127. 1919. [Locally

known as poor-man's patches; habit varies with location.
]

THOMPSON, H. J. A genetic approach to the taxonomy of Mentzelia lindlevi and
M. crocea (Loasaceae). Brittonia 12: 81-93. 'i960. [Hybridization and
analysis of chromosome pairing.]

. Cytotaxonomic observations on Mentzelia. sect. Bartonia (Loasaceae).

Torrey, J., & A. Okay. Loasaceae. Fl. N. Am. 1: 531-536. 1840.

University of California, Los An
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A REVISION OF THE GENUS LOPHOSTOMA
(THYMELAEACEAE)

Lorin I. Nevling, Jr.

This study of Lophostoma is the last of three revisions treating the

three genera which are currently recognized as comprising the subtribe

Linostomatinae. Although a revision, as such, of Lophostoma has not

previously appeared, Ducke (1915) in conjunction with the description

of a new species of the genus, included a key which delimited the species

as they were known at that time. His paper did not, however, include a

full descriptive account or distribution of each species.

This genus of the Thymelaeaceae was chosen for study because it ap-

peared to have what is considered the largest aggregation of primitive

features found in the New World genera of the family. Some authors

have included the species of this genus incorrectly with the Asiatic genus

Linostoma Wall, ex Endl, even as recently as 1954 (Lemee). To be able

to judge this relationship accurately, the two Asian members of the sub-

tribe Linostomatinae were revised in preparation for the present study.

As a result, I am convinced that while Lophostoma may be described as

primitive it is at the same time unquestionably one of the most specialized

of the eleven American genera. All three genera of the subtribe Linosto-

matinae occupy a rather specialized ecological niche, in that they tend to

be scrambling shrubs which eventually become large lianas; while the

other members of the family are generally trees or shrubs.

SPECIAL MORPHOLOGY

A few of the interesting morphological and anatomical features found

within the genus Lophostoma an pre nted in this section. No attempt to

include a complete anatomical survey of planl part.- has been made; the

emphasis being placed on paralleling information already published for

the genera Linosln •
,

- Griff. (Nevling, 1961a, b). Although

studies containing ton icltial ! m lomi« i\ information concerning mem-

bers of the family have been published, the finest contribution most re-

centlv bv Hamaya (1959), relatively little information is available con-

cerning the New World genera. Additional gross morphological informa-



144 JOURNAL OF THE ARNOLD ARBORETUM [vol. xliv

tion can be found in the descriptions and discussion dealing with the indi-

vidual species. In all instances, the materials examined were from her-

barium specimens.

Mature stem and inflorescence axes were studied by means of free-hand

sections which were stained with either safranin or phloroglucin and
hydrochloric acid. This technique was employed also with young shoots.

Gross and microscopic structure of leaf blade and petiole was studied

by clearing and staining gross specimens and thin sections. Staining was
with safranin or with ferric chloride and tannic acid, in the case of cleared

material, or with safranin and fast green, in the case of thin sections. Leaf

material was tested also with phloroglucin and hydrochloric acid, as well

as with potassium iodide and sulphuric acid, to estimate chemically the

bonification or lack of it in certain tissues. As a supplementary test, leaf

sections were stained with 0.5^? Sudan IV in a solution of 80% ethyl

alcohol to determine the presence or absence of cutin or fatty substances in

epidermal walls. All specimens were examined with normal and polarized

light.

Flower structure, including vascular pattern, was studied from cleared

and stained whole mounts. The details of these techniques can be found

in the first paper of this series (Nevling, 1961a).

Vegetative Morphology. The vegetative axis is monopodial with the

leaves oppositely to alternately arranged upon it. The opposite leaf posi-

tion is superficial and is the result of drastic condensation of the internode

between two adjacent nodes. Alternate inlernndes seem to be affected in

this manner. The degree of condensation is rather variable, accounting

for the variation in leaf position from opposite to subopposite or alternate.

Free-hand sections of the stem clearly show the initiation of the leaf

traces to be on two separate levels, i.e., one usually departing from the

stele of the stem prior to or simultaneously with the initiation of the

second. The alternate leaf position appears to be restricted to shoots

which are extremely vigorous, particularly those immediately subtending

the floriferous region. This position is due to nondifferential elongation of

all internodes. In every case, a single leaf trace per node is formed and
the resultant gap is unilacunar.

Bifurcate and trifurcate branching of the vegetative shoots is found

regularly in all species. In some instances, branching is induced by dam-
age to the apical bud but generally it is spontaneous. The branches,

which may be equal u unequal in tin < ult ol tin i oordinate develop-

ment of one or more axillary buds with the apical bud. The apical bud
usually retains its dominance. On one sheet, Hubcr 8103 {Lophostoma
calop/iv/loidcs), the opposite axillary buds of the "nodal pair" have de-

veloped coordinate!) with the apical bud at live separate "nodes." Each
branch is gracefully curved and bears inflorescences at its terminus. In

the same collection, one specimen (ii.m) also has axillary branch develop-

ment in which the buds do not occur in -pairs" but in an alternate posi-

tion. The resulting branches, therefore, are alternately arranged. In L.
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dinizii Huber ex Ducke, the leaves subtending the developing axillary

branches are found in the normal position, i.e., on the main axis immedi-

ately below the developing branch. In L. calophylloides (Meissn.) Meissn.,

L. amoenum Nevl., and L. ovatum Meissn., however, this leaf usually, but

not always, is displaced and is borne upon the developing branch which

it actually subtends. This type of displacement, which may be as much

as three centimeters in Huber 8103, has been discussed previously in other

papers (Nevling, 1961a, b).

Supernumerary axillary buds can be demonstrated for all species but

appear to be most common in Lophostoma calophylloides. The result of

the development of supernumerary buds can be seen in Ducke 413 in

which three branches have developed from a single leaf axil. The occur-

rence of such extra buds is important when interpreting the inflorescence

forms found within the family.

All four species of the genus are known to be climbers or scramblers.

Unciform branches are quite conspicuous in Lophostoma ovatum (see

Spruce 1461 and Ulc 8953) where they are well developed, tapering very

rapidly from the much enlarged base to the slender apex. Several reduced

leaves are borne at the apex. Modified axillary branches, to facilitate

climbing, are rarely encountered in L. calophylloides and L. dinizii. The

single specimen of L. amoenum has several hooked branches. It is possible

that, in these latter three species, the modified branches are formed regu-

larly only on more mature shoots which are poorly represented in the her-

barium material.

The extraxylary fiber sheath surrounding the stele, by which the family

often is identified in the field, is well developed. These fibers, as deter-

tn mil 1). .Iii I i i< in n iiuiified. In addition, other lignified fibers

are found within the pith where they appear to compose the bulk of the

tissue internal to the stele. In contrast to the situation in Enkleia where

the fibers are scatl i I thr< ighoul the pith, the fibers in Lophostoma are

compactly organi/e<l a olid central core surrounded by parenchyma.

The xylary elements of the stein are lignified to a greater extent than the

corresponding clemeni in cithci Linostoma or Enkleia.

The leaves are dorsiventral. The upper epidermis is uniseriate, com-

posed of tabular cells (except in Lophostoma ovatum and L. amoenum

in which they are vertically elongate), and is uninterrupted by stomata.

The upper epidermal ceils are thin-walled in L. calophylloides but the

outer periclinal wall is conspicuously thickened in L. dinizii, L. ovatum,

and L. amoenum. The thickened walls of the latter three species when

treated with Sudan IV give the characteristic staining for cutin or other

waxy substances. The palisade tissue is composed of very compact colum-

nar cells which occupy, together with the upper epidermis, one-third (L.

calophylloides and I din i I to one-half (L. ovatum and /,. amoenum)

the depth of the leaf. The spongy parenchyma is quite loosely organized

except in L. ovatum in which this tissue is the most compact of any species

of the subtribe. The individual parenchyma cells are irregularly shaped.

The xylary tissue of the midrib in L. ovatum is arc-shaped with the phloem
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FlGS. 1-4. Cross sec! ion of lower leal" epidernis of species of Lophostoma

'• I" Ini ili.
i in

i

i il ipparalus. Guard cells are shown in cross section, acces-
'[ ( nun, ,, u, I ,1

1

i,
, in in hi udielN i iic shown in longitudinal section.

Mesophyll and other leaf tissues not illustrated. Note differences in shape of
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restricted to the lower surface; in L. amoenum it may encircle the midrib.

In both L. calophylloides and L. dinizii the margins of the xylary arc have

folded back on the arc itself with the phloem being carried partially around

(
L. ail phylloides) o completely around (L. dinizii), the midrib. The

xylary elements are poorly lignified as determined by chemical tests. The
phloem elements are of the largest size in the latter species. The lower

epidermis is unben n-' m I i im 'impt'd i,rten by stomata. In all species

the outer periclinal wall u : thickened and tain with Sudan TV. Some

thickening of anticlinal cell walls occurs in /.. calophylloides. In some

instances, the innei peril inal w ill also may be thickened, particularly

when they overlie air chambers. The outer periclinal cell walls of the lower

epidermis, in L dim u I vatum, in addition to being thickened each

bear a conspicuous papilla.

The stomata of all species of this genus are of the pit-type previously

described for Linostoma dccandnim (Roxb.) Wall, ex Endl. and for all

species of Enkleia. \ ro ette oi a<-. 1 haped accessory cells surrounds each

stoma, the number of accessory cells b-u <> nih ' >< n i lb ci *i<.lu

or nine, but as few as five and as many as eleven), bach accessory cell

extends beyond the guard cells forming an urceolate {Lophostoma calo-

phylloides) or campanula!* (/ dinizh L. ovation and I
. amoenum) struc-

ture. Occasional!;-, a i aco on ell may be found being shared by two

adjoining stomata. The guard cells are borne at the base of the accessory-

cell rosette and therefore are not truly sunken. Some differences in stomatal

structure, as well as epidermal structure may be found among the species

(Figs. 1-4), but the amount of variation has not been determined, so

their taxonomic worth cannot be evaluated at this time.

The pinnate venation is similar throughout the genus. The primary

lateral veins generally are quite numerous, although the number appears

to be variable. They are straighl or slightly arcuate and end in a variously

developed submarginal vein. The orientation of veins forms a pattern

which is indistinguishable from that found in the Asiatic genus Linostoma.

A fiber sheath is associated with all veins. The submarginal vein is better

developed in Lophostoma amoenum than in the three other species, and

in all instances it very nearly corresponds with the leaf margin.

The secondary veins after departing from the primary veins appear,

for the most part, to reverse direction, i.e., toward the midrib. In addi-

tion, they are oriented parallel to the primary veins. Direct cross con-

nections between primary veins are not formed. Extraxylary fibers are

associated also with the veinlets.

Extraxylary fibers are not restricted to close proximity to vascular tissue

in Lophostoma calophylloides and L. dinizii but wander aimlessly about

the leaf. They are vermiform and reminiscent of those found in Enkleia

malaccensis (Nevling, Fig. 9, 1961b) and Passerina filiformis L. (Thoday,

1 cells and differentia] thickening of cell walls. 1, 1

s.n.); 2, L. dinizii (Ducke 9050); 3, L. ovatum (Fri

(Witrdack & Adderley 43208).
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1921). The situation in L. ovatitm and L. amoenum is quite different, the

fibers being associated only with the veins and veinlets. These fibers are

replaced at the extremities of the veinlets by irregularly shaped sclereids

similar to those found in the leaf of Linostoma pauciflorum (Nevling,

Text Fig. II, 5, 1961a). I found it impossible to stain the fiber walls with

either phloroglucin and hydrochloric acid or potassium iodide and sul-

phuric acid.

In all species of the genus, the xylem at mid-petiole, is arc shaped

but the precise configuration depends entirely on the position of the sec-

tion, as a sequence of forms is found wh< n progn in from the proximal

(i.e., attached to the stem) to the distal end. As the trace leaves the stem

id enters ihe p.-m le i! i, .m shaped, the ed</e of the arc begins to involute

in a very short distance, and the lateral edges become adjacent and form

a complete ring of xylem (except in Lophostoma dinizii in which the ring

is not quite continuous). The center of the ring is occupied by parenchyma
cells. Serial sections of the petiole of L. amoenum show that the circle

of xylary tissue, formed by the involution of its lateral margins, reopens

into an arc prior to entering the leaf blade. The leaf traces have their

origin from the lateral margins of this arc. External to the xylem "ring"

is a continuous band of phloem. The phloem is always external to the last

formed xylary elements regardless of the position of the xylem. Indi-

vidual xylary elements have very thickened walls similar to those previ-

ously reported for Enkleia. These cells stain with phloroglucin and hydro-

chloric acid indicating lignification.

Extraxylary fibers are found in the petioles of Lophostoma calophyl-

loides, L. dinizii, and L. amoenum but are lacking in L. ovatum. They do

not stain either with phloroglucin and hydrochloric acid or with potassium

iodide and sulphuric acid. A considerable cortex of parenchyma cells is

found in all species. Irregular crystals can be found in a few cortical cells

in L, calophylloides, L. dinizii, and L. amoenum (birefringent in polarized

light) but have not been found in L. ovatum. This character probably is

of no taxonomic significance as indicated by work in other genera of this

family (Gilg, 1894; Hamaya, 1959; Nevling, 1961).

Reproductive Morphology. The same terminology which I applied

in previous papers concerning the Thymelaeaceae is used here. The in-

florescence is composed of a primary peduncle, a rachis, secondary pe-

duncles, and flowers with their pedicels. In striking contrast to the other

members of the Linostomatinae, the spei i ,. > toma lack the con-

spicuous pair of bracts associated with the primary peduncle. In addi-

tion, the bracteole may or may not be present.

The fioriferous branches of Lophostoma are co

inflorescences which collectively appear to forn

florescence." The flowering branches generally .

terminal or ascending branchlets. In L. ovatum i

florescence" is simple, di- or trichotomously di

terminal inflorescence, which is sometimes reduced 1

iposed of one to several

a single terminal "in-

re young shoots, either

id L. amimnum the "in-

ided and consists of a

1 to a sin;y\e flower, and
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one or two lateral inflorescences. In L. calophylloides the "inflorescence"
is composed of three to five individual inflorescences which are pinnately
arranged. The individual inflorescences are relatively closely spaced. In
L. dinizii the "inflorescence" appears dichotomously paniculate. As there
is nondifferential elongation of the internodes, the inflorescences appear to

alternate on a flexuose main axis. In actuality, the inflorescences termi-
nate the shoot, but their formation is accompanied by the coordinate de-

velopment of an axillary branch which assumes the role of a main axis until

the succeeding node where the pattern is repeated. In all species, each
individual inflorescence is simple with the flowers racemosely arranged.
The bract-like reduced leaves which are found at the base (in Lophos-

toma calophylloides, L. ovatum, and L. amoenum) or the summit (L.

dinizii) of the primary peduncle are analogous to the paired bracts found
in Linostoma and Enkleia. Their bract-like appearance is due to re-

duced size, thinner texture, and striking color. Their lack of homology
to bracts is shown by their deciduous nature and the source of their

vascular supply. The trace which supplies vascularization to this "re-

duced" leaf departs from the stele prior to inflorescence branching. The
leaf is displaced onto the axillary branch which it subtends anatomically.
This developmental pattern precisely repeats that found in the reduced
and displaced leaves of both Linostoma and Enkleia. In addition to these

features, in L. amoenum, several pairs of leaves subtending the inflores-

cence may also be colored and bract-like. It is entirely possible that if

the paired bracts in Linostoma serve as insect attracting devices that the

bract-like leaves in Lophostoma have assumed the same function regard-

less of their position. Indeed, the inflorescence structure and floral mor-
phology indicate adaptations for insect pollination.

The bracteole, usually situated at the summit of the primary peduncle,

has been seen regularly only in Lophostoma ovatum and L. amoenum. In
both species it is small and somewhat ephemeral which leads me to be-

lieve that this structure may also be found in living material of the other

The flowers, as in all members of the Linostomatinae, are bisexual, regu-

lar, pentamerous, perigynous and pedicellate. The terminology applied to

floral parts is the same as I have used in previous papers (Nevling, 1959,

1961a, b). Additional information concerning the gross morphology of

the flower, beyond that presented in the following discussion, may be
found in the specific descriptions.

The calyx tube, which is composed of the fused bases of calyx, corolla,

and androecial members, is cylindric in all species. The size of the tube
is rather constant throughout the genus, varying from 10-16 mm. in length.

The exterior is glabrous (Lophostoma dinizii), puberulent (L. calophyl-

loides and L. amoenum), or puberulent to tomentulose (L. ovatum). All

species bear trichomes in the tube interior which are exclusively unicellular

and unbranched with a somewhat crinkled appearance due to an undulate
cell wall. This undulate wall distinguishes them immediately from the

trichomes of Linostoma and Enkleia in which the wall is straight. The in-
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terior is villous in the lower one-half or two-thirds, the density of trichomes

varying somewhat among the species. In the upper one-half or one-third

the tube is glabrous or nearly so. The trichome distribution is assumed to

be associated with pollinators to encourage outcrossing. Spruce has noted

that the flowers of L. calophylloidcs are perfumed, strengthening the prob-

ability that the plants are oriented toward insect pollination. The pol-

linating agent is unknown up to the present time but Burrows has shown

in his recent work (1960) on New Zealand Pimclca that the pollinators

tend to be nonspecific.

The calyx tube is vascularized by ten distinct veins (the anatomical

observations are ba-ed < n ( oj>'/i>sio,u,/ < alopU vllonh \. /.. ovatum and L.

amoenum only, due to lack of sufficient material). Five of the traces are

in the antisepalous position (median traces) and five are in the altemi-

sepalous position (commissural traces). The traces to the alternisepalous

staminal whorl depart from the commissural traces only slightly below the

insertion of the stamens. Shortly thereafter, the traces to the antisepalous

staminal whorl depart from the median traces. Immediately after the

departure of the androecial traces, both median and commissural traces

undergo repeated divisions to form a complex network of vasculature

which innervates the calyx lobes. A liber sheath is associated with each

vein, being more highly developed in L. ovatum than in L. calophylloidcs.

The shape of the calyx lobes varies among the species, and in Lophos-

toma ovatum within the species, but not significantly so. The inner sur-

face is glabrous in all species. The lobes are vascularized by approximately

a dozen veins which branch and anastomose freely. This large number

of veins contrasts with the three or five trace condition in Linostoma and

Enklcia. The aestivation is quincuncial.

The petals are inserted at the orifice of the calyx tube in an alterni-

sepalous position but the median elefting of the petals is complete re-

sulting in the formation of five petal-pairs (appearing to be 10 distinct

petals). The lobes are squamelliform. erect, subexserted to exserted, and

at most 1 mm. long. They are variously comose except in a few specimens

of Lophostoma calophylloidcs in which they are glabrous. The trichomes

are distributed on both surfaces of the petals in L. calophylloidcs (when

trichomes are present ) and I., diitizii. on the outer surface only in L. ova-

tum and, in L. amoenum either on the outer surface or on both surfaces.

The trichomes appear nearly moniliform due to the strongly undulate

cell walls. There is no vascularization of the petals in any of the specimens

which I have examined.

The androecium consists of ten stamens inserted on the calyx tube.

They are in two whorls, the upper whorl in I he antisepalous, the lower

whorl in the alternisepalous position. The traces which vascularize the

stamens reflect the two-whorl pattern. The traces to the alternisepalous

whorl depart from the commissural calyx traces lower in the tube than

those from the median calyx traces depart to vascularize the antisepalous

whorl.

The filaments are relatively short (to 3 mm. long) and filiform, with
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those of the antisepalous whorl longer than those of the alternisepalous
whorl. Hiey are glabrou exclusiveh Vascularization] hy a single bundle
which ends blindly at the middle of the connective in Lophostoma calophvl-
loides or at the apex of the connective in L. ovatum.
The anthers are exserted except in Lap} ',<<// an mm vhen the

alternisepalous are sometimes included. They are 4-lobed and 4-locular
in cross section. Dehiscence is longitudinal.

The pollen grains of all species are uniform and indistinguishable from
those of Linostoma and Fnkleia. As in the latter two genera, they are
polyporate and highly sculptured.

The presence of a disc, contrary to many previous reports, is confirmed
in Lophostoma caloplivlloidcs and I. oval ant but: appears to be absent in

L. amoenum, and is question; ble ii din it due to insufficient material.

It is borne at the base of the calyx tube and surrounds the base of the

gynoecium. It is insignificant in size, annular, minutely lobed and glabrous.
The vascularization, if any. could not be determined.

The gynoecium is composed of a single more or W sessile pistil, pre-

sumably of the pscudomonomcric type. Vascular patterns could not be
established, except in Lophostoma ovatum and L. amoenum, because of

overwhelming diffit ul in in clearim ilu ore n. The gynoecium was treated

with a variety of clearing agents for greatly extended periods of time
without satisfactory results.

The ovary is superior, ellipsoid and unilocular. It is densely sericeous.

The trichomes are unicellular and erect. The trichome walls are undulate
(except in Lopho u mo u i in which the walls are nearly smooth)
and quite similar to the walls of the trichomes borne on the petal lobes.

The pattern of vast ulai uppl i xitt n is quite similar to that illus-

trated for Linostoma decandrum (Xevling, Text Fig. III. 7, 1961a).
There are two main veins, one of which remains unbranched into the style

and the other gives rise to f< in oi fiv< small bran* i< which vascularize

the ovary wall, before passing into the style. A third accessory trace ends
slightly above the middle of the ovary and is unbranched. Xo ovular trace

was observed. In Lophostoma amoenum the vascular supply is similar to

that illustrated for Linostoma paueiflornm (Xevling, Text Fig. III. 3,

1961a). Two main veins are continuous from the ovary base to the base

of the stigma. One of these traces gives off a few small branched traces

in the upper part of the ovary wall; the other gives rise to a well-de-

veloped, hook-shaped, ovular trace.

The style is borne terminally (or somewhat eccentrically in Lophostoma
amoenum only) and seems to be intercalated about one-quarter from the

base. This trace has no connection at either end and has no cross con-

nections with any other trace. Near the summit of the style in L. ovatum
one of the main traces dichotomizes so that a total of four veins is found

just below the stigma, whereas in L. ovatum the traces remain unbranched.

The stigma is capitate and its position within the calyx tube is variable

and dependent on the time of pollination (see Burrows, 1960). Stylar

elongation must be rather rapid as the protoxylem elements are straight
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and quite elongate in comparison to the much shorter and sinuous ele-

ments vascularizing the ovary wall.

Unlike Linostoma and Enkleia, the fruit preservation in Lophostoma

is good. In three species of the latter genus a single fruit per inflorescence

develops. The drupe is enclosed by the accrescent, papery, urceolate calyx

tube. The tremendous development of the tube following anthesis is quite

extraordinary. The shape and armature of the drupe varies among the

species (Figs. 5-10). The simplest drupe is found in L. calophylloides in

which the eccentric apex is abruptly acuminate and somewhat hooked.

The wall is smooth (although subject to considerable wrinkling on dry-

ing). In L. dinizii the drupe apex is flat with a horizontal corona of irreg-

ularly shaped spines. The drupe wall, in this species, is marked by ten

Figs. 5-10. Illustrations of the drupes and t calvres f species of

Figs. 5, 6. L. calof/Jiylloi , < ,[>,, re 1M)>)\

n-nken at apex). Figs. 7. S. L. di ,. , ."/,, c W50)\ 7.

rupe; 8, accrescer t calyx. Figs. 9, 10. L. ovi turn (I), •kc 704 )

:

), drupe; 10,
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heavy ribs which bear mammillate projections. The ribs run from apex

to base. In addition, an inconspicuous groove is found on one side

which may interrupt the corona. The most complex drupe is found in

L. ovatum in which the apex is bicornate and the middle third of the wall

is marked by ten vertical, strongly serrate wings. The wings are abruptly

truncate one-third the distance from the base of the drupe, the lower third

of the drupe being nearly cylindrical. What function, if any, these fancy

elaborations of the drupe apex and wall serve, or may have served, is be-

GEOGRAPHY

As in the other genera of the Linostomatinae, the geographic distribu-

tion of species and of the genus Lophostoma presents no problems which

could not be anticipated. The genus as presently known is restricted to

the Amazon drainage system (see map for distribution of the species).

Lophostoma calophylloides has the most extensive range but it is almost

certain, even in this case, that the full range is not yet known. The dis-

junctions shown on the map probably will prove to be of no significance

and to be due only to insufficient collection. Some 50 years hence it may
be possible to delimit more precisely the range of this species.

The geographic range of the genus presents only three notable differ-

ences from that presented by Domke (Karte 3, 1934). The first involves

the elimination of two disjunct localities: specimens marked, "Rio Janeiro"

(Glaziou 14080) are either in error or the specimen was collected from

horticulture; Spruce's "Barra" collections which are from present day
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Manaus (see Spruce p. 200. 1°0S) were apparently thought to be from

Barra, State of Bahia on the Rio Sao Francisco. The second change is

due to the collection of Loph >
> //<< As 1>\ Ricardo de Lemos

Froes at Sao Paulo de Oliveuca which extends the range of this species,

and the genus, almost 700 miles to the west. The third and most signifi-

cant change is the result of the discovery of L. amocnum in Venezuela by
Wurdack and Adderley. Collection of this new species, the result of ex-

ploration by the New York Botanical Garden, suggests the possibility of

the discovery of additional species as exploration continues.

Specimens of / < /, ' / , n notations indicating the

presence of the species in ecological situations called "igapbY "restinga'
1

and -terra firme. Tdie igapo is defined (I)ucke & Black, p. 11. 1943) as

"swamp forest when 1 the soil never dries out completely even in sum-
mer. . ;

-

The restinga arc (I)ucke & Black, ibid.) "narrow bands of

higher alluvions rarely or never Hooded. . Y Lophostoma ovatum is

known from "igapo" and "campinaY The campina is defined (Ducke &
Black, p. 10) as "small spots of open land, surrounded on all sides by the

great virgin forest." Unfortunately, comparable information for L. dinizii

and L. amocnum is lacking.

d on specimens from [he following herbaria, the

are taken from Uanjouw & Station's Index Iler-

(Regnum Vegetabile, 15. 1959).

Cnv Herbarium of Harvard University, Cambridge

Institute de Pesquisas Apronomicas. Deis Irmabs

Herbarium. Royal Botanic Gardens, Kew
Riiksherbarium. Leiden

Herbarium of the Department of Systematica anc

the Botanical Institute of tile Academv of Scie

Leningrad

Missouri Hot animal Garden. Saint Louis

New York Botanical Garden. New York

Museum National d'Histoire Naturelle, Paris

Jardim Botanico, Rio de Janeiro

i
o»

i

I
' ,[ ,,,,, , ,

,, -
,

, |

Botanical Museum and Herbarium. Utrecht

L'. S. National Museum. Smithsonian Institution, Was
Xaturhistorisches Museum. Wien.
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TAXONOMY

Lophostoma (Meissn.) Meissn. in DC. Prodr. 14: 600. 1857.

Linostoma sect Lophostoma Mei n in Marl Fl ra 5f 1 i

1
I (). It

(Type spec m Linostoma calophylloid > llrissti )

Scandent shrubs or lianas, the axillary branches sometimes modified
for climbing, the bark containing many fibers. Leaves opposite (or approxi-
mate) to alternate, simple pinnately veined, entire, petiolate, estipulate,

the primary lateral veins numerous, more or less straight and parallel.

Inflorescences borne from the terminal portions of young shoots, racemi-
form, the primary peduncle bearing a colored bract-like reduced leaf,

true paired bracts absent. Flowers bisexual, pentamerous, perigynous;
calyx tube cylindric, nonarticulated, inconspicuously ribbed, glabrous or
variously pubescent; calyx lobes 5, quincuncial, subequal; petals 5, medi-
ally cleft to the base, alternisepalous, inserted at the calyx tube orifice,

the lobes variously squamelliform, erect, glabrous to densely comose;
stamens 10, inserted in 2 whorls, the upper whorl antisepalous, the lower
alternisepalous, the anthers basifixed, longitudinally dehiscent; disc (when
known) minute, annular, lobed, glabrous; gynoecium single, pseudo-
monomeric, superior, sessile or nearly so, unilocular with a single ana-
tropous ovule, the style terminal or eccentric, the stigma (when known)
capitate. Fruit drupaceous and enclosed by the persistent and <

KEY TO THE SPECIES

act-like leaves associated with the inflorescence glabrous, white, reddish
"'<ldi h pmple, 1< i\. (j I J Uil | ( , ,-,<,' . 6 > nil broad iix apex short to

ag acuminate; calyx tube glabrous to sparsely puberulent without; drupe
< v 'I u j Iv u in, , i ii, oi Mat vith ; hori oni i! < oron i oi irn .nl u pii ;

'rimarj I.net 1

! veins slightly arcuate; primary peduncl 1-6 nun lunu

the secondary peduncles obsolete or nearly so; bract-like leaf borne near
the base or very rarely at the summit of the primary peduncle, white;
calyx tube sparsely puberulent and glabi. cent without irupe apex eccen-
tric, abruptly acuminate and somewhat hooked, the wall smooth

-
- 1 /... cidophxHonlrs.

Priman lateral vein more or less straight; primary peduncle 10--.
b" mm.

long, tin secondan pedu r]< '
, mm ]„ K brae! liki leaf borne near

the summit of the primary peduncle, reddish or reddish purp] h
tube glabrous without; drupe apex flat with a horizontal corona of ir-

i gulai pines the wall with 10 heav> vertical rib with mairimiHat
projection from ap< c to base 2. /. dinizh

act-like leaves associated with the inflorescence minutely woolly or
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puberulent, white or rose; leaves 2-5.5 cm. long

without: drupe (unknown in /.. ti/iiorminn with ,
; horns at the apex,

middle one-third of the drupe wall with 10 strongly serrate vertical win

c. Bract-like leaves associated with the inflorescence white; leaf apex ac

calophylloides (Mcissn.) Meissn. in DC. Prodr. 14:

; uioslon.

(Type

Shrubs, becomiiu hi<'< liana ^ < ui nn pi K puberulent and

glabrescent, reddish brown, minutely lenticellate; axillary branches nor-

mal or gently curved, rarely recurved. Leaves opposite or subopposite

to rarely alternate, the blade ovate to elliptic or oblong, 6-12 (-14) cm.

long, 3-5 cm. broad, short to long acuminate at the apex, obtuse at the

base, coriaceous, glabrous, varnished above and darker than below, the

costa immersed above, elevated beneath, the primary lateral nerves very

inconspicuous, parallel and slightly arcuate; petiole canaliculate, rugose,

glabrous, 5-7 mm. long. Inflorescences borne terminally on young shoots,

often compound, generally composed of one terminal and two or rarely

four lateral inflorescences; each inflorescence 3 8 { 12)-l1owered, racemi-

form, puberulent, the primary peduncle 1-6 mm. long, the rachis 3-12

mm. long, the secondary peduncles obsolete or nearly so; bracts and

bracteole absent or the bracteole rarely present and caducous, the dis-

placed leaf of tin i I "'I loth borne neai the base of the primary

peduncle or very rarely near the summit white or (ream, usually bract-

like and deciduous. Calyx tube cylindric, 13-15 mm. long, about 2 mm.

in diameter at the >riliiv
|

n eh pub mien ml nan tdabrescent with-

out, minutely villous within; calyx lobes obovate, glabrous within; petals

cleft to the base, the lobes squamelliform. with irregular margin, usually

0.5 mm. long but rarely to 1 mm., 0.5 mm. broad, erect, exserted, glabrous

to densely and irregularly comose; filaments filiform, glabrous, the anti-

sepalous filaments ca. 3 mm. long, the alternisepalous filaments ca. 1.5 mm.

long, the anthers oblong, 0.5 mm. long, 0.25 mm. broad, exserted, the con-

nective at most minutely produced beyond the pollen sacs, the anti-

sepalous whorl inserted just below the petals, the alternisepalous whorl in-

serted about an anther's length below the anil . pnlmi- one: disc minute,

annular, lobed, glabrous; ovary broadly ellipsoid, ca. 1 mm. long, short-

sericeous, sessile, the style terminal, filiform, 1-1.5 cm. long, glabrous,

the stigma capitate, included to exserted; pedicel ca. 4 mm. long. In fruit

the calyx accrescent, subampullaccous, apex generally broken prior to

drupe maturation, 3 cm. long, 2 cm. in diameter, glabrescent; drupe
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ellipsoid, ca. 2.5 cm. long, 1 cm. in diameter, smooth, abruptly and eccen-

trically acuminate at the apex, the acumen usually slightly hooked.

Illustrations: Mart. Fl. Bras. 5(1): t. 30. 1855; Gilg in Engl. Nat.

Pflanzenfam. III. 6a: 232, fig. 82 j, g. 1894; Correa, Diccion. PI. Uteis

Brasil2:470. 1931.

Distribution: Brazil, known only from five localities in the Amazon

basin. This species has been collected in flower from August through

February (May at Sao Paulo de Olivenca) and in fruit from December

through March. Ducke (1915) cites the plant as "frequent" around

Belem. Spruce says that the plants are found in the forest where "the

flowers are scented like the lilac, and being accompanied by young and

perfectly white leaves, have a very pretty appearance." He further indi-

cates that the perianth tube is "greenish tinged with purple; limb white."

According to Ducke and Correa the plant is known locally as "cumacahy."

Brazil. Amazonas: Barra [Manaus] Spruce 967 (ny— Iectotype), "1850-

51" (c, g, gh, w; photo, f, gh), 1305 (k, p), Frdes 20491 (f, us), Ducke 413

(a, f, mo, ny, s, us), 41311
a

(us), 35690 (u) ; Sao Paulo de Olivenga, Frdes

20898 (ny); without precise locality, Ducke 323 (ny). Para: Rio Guama, Sao

Miguel do Guama, beira do rio, Dardano & Black 48-3094 (ipa, u) ;
Belem,

Ducke 15516 (bm, g, us), Pires 2652 (ny), 3180 (us), 51807 (ny)
;
Belem

(Hort. Bot.) Huber 8103 (bm, p, u, us); Gurupa, Ducke 15942 (bm, g, us).

This genus was founded by Meissner, in 1857, in De Candolle's Pro-

dromus. It is obvious from his writing (particularly in Mart. Fl. Bras.

5(1) : 72. 1855) that the establishment of the genus had been on his mind

for some time. In the latter publication he established a new section of

Linostoma which he called sect. Lophostoma. This section, as he recog-

nized it, was composed of a single species, Linostoma calophylloides. He

listed as a synonym "Lophostoma Nov. Gen. Meisn. Mss. in Herb. Reg.

Monac" and "Lophostoma calophylloides Meisn. Mss." Obviously at

some time previous to the publication of the Flora Brasiliensis he seri-

ously considered the publication of a new genus (Lophostoma) but

changed his mind and described it as a new section instead. What facts

or events led him in 1857 finally to establish the new genus are not known.

Possibly the acquisition of new material which permitted him to describe

the second species of the genus (Lophostoma ovatum) made him more

certain of the position of the South American plant.

The typification of this species, the type species of the genus, is some-

what problematic. The basis for Meissner's Linostoma calophylloides

(1855) is a specimen or specimens which were collected "c. Barra, oppi-

dum prov. Rio Negro, floret m. Dec-Mart. 1850-51 legit: R. Spruce."

Elsewhere in the same publication, Meissner intimates the name is based

on his manuscript name in "Herb. Acad. Monac." The question of whether

or not this Spruce collection actually bore a collector's number is posed in

the subsequent treatment, by Meissner (1857), of the Thymelaeaceae for

De Candolle's Prodromus. In this publication, Lophostoma is given gen-

eric rank and the combination Lophostoma calophylloides is made. Meissn-
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er cited two specimens: Spruce 967 and Spruce 1305; the citation of the

former is followed by an exclamation point and the latter by a question
mark. At the end of the description he said that the specimens were
seen in the herbaria of "Monac. et DC." At present there are no speci-

mens referable to the genus deposited at Munich and the photograph
of the presumed type of L. calophylloides, deposited in the De Candolle
herbarium is a Spruce specimen lacking a collector's number. Meissner's
personal herbarium was purchased by the New York Botanical Garden
and is on deposit there. In this collection are many sheets upon which one
to several packets are attached which often contain fragments of classic

material and are usually annotated fully by Meissner. On one such sheet

I found a packet containing a number of detached leaves, a short stem
and several flowers, bearing the following notation, "Barra, prov. Rio
Negro, Spruce 907! Lophostoma calophylloides Dec. -Mart. 1850-51. legit

R. Spruce Mcisn. (26. III. 54.) in Hb. Ac. Monac." This information
coincides perfectly with the citation both in the 1855 and 1857 publica-

tions and it seems clear that the New York fragment is a portion of the
holotype and should therefore be designated as the lectotype until the
holotype is relocated. On the same sheet is a [jacket containing a single

fruit with the notation, "R. Spruce 1305, DC. Lophostoma calophylloides?"
This specimen and information checks with Meissner's second citation of

1857.

2. Lophostoma dinizii Huber ex Ducke, Arch. Jard. Bot. Rio de Janeiro
1:51. 1915 (Type: Duckc9050\).

Liuostoma dinizii (Huber ex Ducke) Lemee, Y\. Guyan. Fr. 3: 108. 1954,
lacking full hasionym citation: Nevl. Jour. Arnold Ark 42: 320. 1961, pro

Shrubs becoming scandent with age; young stems terete, sparsely red-

dish-puberulent and glabrescenl, reddish bmun becoming grayish, the

lenticels few, horizontally elongate, whitish; axillary branches not ob-
served. Leaves opposite or subopposite except where the shoots are ex-

tremely vigorous as in subtending the inflorescences, the blade oblong-
elliptic or rarely broadly elliptic. 8.5-11 cm. long, 3-4.5 (-6.5) cm. broad,
long-acuminate at the apex, obtuse to truncate at the base, thick-coriace-

ous, glabrous, darker above than beneath, the costa plane to immersed
above, elevated beneath, the primary lateral veins usually inconspicuous,

parallel and more or less straight; petiole shallowly canaliculate, rugose,

glabrous, ca. 5 mm. long. Inflorescences borne terminally on the young
shoots, appeal in

s
li n \

i <
I , I ,

[

, n
lent; each inflorescence 5-1 2-ilowered, racemiform, the primary peduncle
1-3.5 cm. long, the rachis 5-13 mm. long, the secondary peduncles 2-5

mm. long, dilated at the summit, the true bracts and bracteoles absent
but the reduced leaf of the subtending node borne near the summit of the

primary peduncle, bract-like, broadly ovate, 2-7 cm. long. 1.5-4 (-6) cm.
broad, chartaceous, glabrous, reddish or reddish-purple, not persistent.
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Flower description based on a single flower: calyx tube cylindric, ca. 11.5

mm. long, 1 mm. in diameter at the orifice, glabrous on the outer surface,

sparsely villous within except for the glabrous upper third; calyx lobes

lanceolate, ca. 3 mm. long, 0.75 mm. broad, glabrous within; petals cleft

to the base, the lobes squamelliform, ca. 0.5 mm. long and broad, com-

pletely comose; stamens exserted, the filaments filiform, ca. 1.5 mm. long,

glabrous, the anthers oblong, ca. 1 mm. long, 0.5 mm. broad, the anti-

sepalous whorl inserted about an anther's length below the petals, the

alternisepalous whorl inserted about an anther's length below the anti-

sepalous whorl; disc (?); ovary ellipsoid, ca. 2 mm. long, densely seri-

ceous, the style terminal, filiform, glabrous, the stigma not seen. In

fruit the calyx accrescent, ampulliform, ca. 5 cm. long, 1.7 cm. in diameter,

glabrous, the drupe ellipsoid, ca. 3 cm. long, 1.5 cm. in diameter, sparsely

villous, with 10 heavy vertical ribs with irregularly-shaped, short-mam-

millate projections from apex to base with an inconspicuous groove on one

side and with a small flat horizontal corona of irregular spines at the apex.

Distribution: Collected only twice, both times in the state of Para,

Brazil. The collections were made either slightly before or after flowering

in September and December.

Brazil. Para: Oriximina, has Trombetas, Ducke 10988 (bm, g, us); Rio

Mapuera affl. Trombetas super cataractam Carana, Ducke 9050 (bm, f— photo,

and fragment, g, rb— lectotype, u, us).

In the original description of this species no type was designated al-

though two specimens, Ducke 10988 and 9050, were cited. I have seen

three sheets of Ducke 10988: a specimen from Geneva with old inflores-

cences but lacking flowers, a specimen from the British Museum with

very young flowers and a specimen from the Smithsonian Institution with

a single mature flower. The collection of Ducke 9050 is more widely dis-

tributed with the most complete sheet at Rio de Janeiro. This specimen

consists of leafy shoots, old inflorescences and a single mature fruit. On
this basis, I choose Ducke 9050, the specimen at the Jardim Botanico of

Rio de Janeiro, as the lectotype.

The name Lophostoma dinizii has appeared, to my knowledge, twice

before being validly published, first in Bull. Soc. Geographie 20: 105.

1909; and the following year in Bol. Mus. Goeldi 7: 163. 1910. In both

instances the name appeared without description and must be considered

. Lophostoma ovatum Meissn. in DC. Prodr. 14: 600. 1857 (Type:

Spruce 14611).

Linostoma albifolium Barbosa Rodrigues, Vellosia ed. 2. 1: 67. 1891 (Type:

Barbosa Rodrigues 63), ex char.

Lophostoma albifolium (Barbosa Rodrigues) Gilg, in Engl. Nat. Pflanzenfam.

III. 6a: 232. 1894.

Lophostoma bolleanum Domke, Notizbl. 11: 350. 1932 (Type: Ducke 234691).
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Scrambling shrub becoming a climber; young stems terete, reddish

brown, short puberulent and soon glabrescent, sparsely lenticellate; axil-

lary branches normal or modified and unciform. Leaves opposite or sub-

opposite, the blade ovate to elliptic or oblong-elliptic, 2-4.5 cm. long,

1-2.5 cm. broad, acute and sometimes minutely mucronulate at the apex,

cuneate to obtuse at the base, thin-coriaceous, glabrescent above, some-
what papillate beneath, darker above than beneath, the costa plane to

immersed above, slightly elevated beneath, the primary lateral veins, in-

conspicuous, parallel and more or less straight, the submarginal vein coin-

ciding with the margin; petiole canaliculate, rugose, glabrous, 2-3 mm.
long. Inflorescences terminal on young shoots, bi- or trifurcately com-
pound; each inflorescence 8-15-flowered, racemiform, puberulent, the pri-

mary peduncle 2-7 mm. long, the rachis 6-30 mm. long, the secondary

peduncles 0.5-1.5 mm. long, the true bracts absent, the bracteole borne

at the summit of the primary peduncle, minute and ephemeral, the re-

duced leaf of the subtending node borne near the base of the primary

peduncle, bract-like, minutely golden woolly (white in nature), caducous.

Calyx tube cylindric, 12-15 mm. long, ca. 1.5 mm. in diameter at the

orifice, white, tomentose to puberulent without, villous within except the

glabrous upper third; calyx lobes oblong to lanceolate, 2.5-3.5 mm. long,

ca. 1.5 mm. broad, glabrous within, spreading; petals cleft to the base,

the lobes obtusely squamelliform, ca. 0.5 mm. long and broad, erect, sub-

exserted, comose on outer surface, glabrous on inner surface, trichomes

exserted beyond the orifice; filaments filiform, 1-2 mm. long, glabrous,

the anthers oblong, 0.5-1 mm. long, 0.25-0.5 mm. broad, exserted, the

antisepalous whorl inserted just below the petals, the alternisepalous

whorl inserted about one-half anther's length below the antisepalous one;

disc minute, annular, lobed, glabrous; ovary ellipsoid, 1.5-2.0 mm. long,

short-sericeous, sessile, the style terminal, filiform, 10-15 mm. long, gla-

brous, the stigma capitate, included to exserted; pedicel ca. 2 mm. long,

enlarging to 4 mm. in fruit. In fruit the calyx accrescent, ampulliform,

ca. 7 cm. long, ca. 2.5 cm. in diameter, glabrescent except for the extreme

apex; the drupe ellipsoid, ca. 4.5 cm. long, ca. 1.5 cm. in diameter at

base of the wings, glabrescent, bicornate at the apex and with 10 strongly

serrate vertical wings which are truncated at the lower third of the drupe,

the style persistent.

Illustration: Vellosia ed. 2. 3: pi. 20. 1891, as L. albijolium.

Distribution: Brazil, known with certainty only from the vicinity of

Manaus. A. Glaziou collection (Glaziou 14080) is labelled from Rio de

Janeiro but I believe this to be an error. Index Kewensis gives the cita-

tion "Venezuela" for this species but as previously indicated by Ducke
(1915) this record is in error. The plant has been collected in flower and
fruit in February and May. According to Ducke, the plants are found in

swampy and periodically inundated woods (see also introduction). Bar-

bosa Rodrigues noted that he encountered the species on the left bank
of the Rio Negro.
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Brazil. Amazonas: Barra [Manaus] Spruce 1461 (k; le; ny— fragment of

holotype; p), Frocs 20527 ( <\ m ) Vie 8953 (g, gh, k, l), Ducke 704 (r, gh,

ny, mo, us), 23469 (isotypes of L. bolleanum; g, u, us), 24036 (rb). Locality

doubtful: "environs Rio Janeiro," Glaziou 14080 (c, K, p).

Barbosa Rodrigues, in the original description of Linostoma albifolium,

admits some apprehension because he is acquainted with only one South

American species (L. calophylloides) of the genus. He has not seen the

other species and therefore he poses the rhetorical question whether it

might not be the same as his new species. It is. I have not seen a type

specimen but his very complete description and a well executed illustra-

tion leave little doubt that L. albifolium belongs in synonymy here.

Domke described Lophostoma bolleanum from a Ducke collection. As

principal features to distinguish it from L. ovatum he gave larger, more

oval and somewhat thicker leaves, shorter calyx tube, obtuse bud apex,

multiflowered inflorescence and exserted stigma. Examination of the iso-

types of this taxon shows all these statements to be true provided the speci-

mens are contrasted solely with the types of L. ovatum. If one considers

also the additional collections of L. ovatum now available it seems appar-

ent that the characteristics which Domke mentions fall well within the total

range of variation of a single species. Only the character of the exserted

stigma cannot be demonstrated in other specimens positively referable

to this species and this characteristic is now known to be unreliable (Nev-

ling, 1961a, b). Domke gives the leaf position as alternate but the iso-

types which I examined have opposite leaves. However, one leaf of the

opposite pair often was shed giving the false impression of an alternate

arrangement.

4. Lophostoma amoenum Nevl. sp. nov.

Vitis, ramis juvenibus pubescentibus usque glabrescentibus. Folia

plerumque opposita coriacea glabra ovata usque elliptica 3.5-5.5 cm.

longa 1-3 cm. lata apice acutis usque obtusis basi cuneatis; petiolo 2-4

mm. longo glabro. Inflorescentia compositae racemiformae pubescentes;

pedunculo primario 1-5 mm. longo; rhachide 3-6 mm. longo; pedunculis

secundariis usque 1 mm. longis. Bracteae roseae pubescentes. Flores her-

maphroditi 10-16 per inflorescentem
;
pedicello ca. 3.5 mm. longo; calyce

cylindrico 15-16 mm. longo 1.5-2 mm. lato roseo extus pubescente; calycis

lobis subequalibus intus glabris; petalis 10 squamelliformis ca. 0.5 mm.
longis dense barbatis; staminibus 10 in planis 2, antheris oblongis 0.5 mm.
longis 0.25-0.5 mm. latis; disco nullo; pistillo 1, ovario ellipsoidale 1.5

mm. longo, sericeo, stigmate capitato exserto. Fructus non vidi. Holo-

typus: Wurdack & Adderley 43208 (a). (Figs. 11-13.)-

Vine to 2.5 m., young stems minutely puberulent and glabrescent, light

brown becoming grayish; axillary branches sometimes curved or recurved.

Leaves opposite or sometimes alternate on vigorous shoots, the blade

ovate to elliptic, 3.5-5.5 cm. long, 1-3 cm. broad, acute to obtuse at

the apex, cuneate at the base, coriaceous, glabrous, darker above than
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beneath, the costa immersed above, elevated beneath, the parallel lateral

nerves conspicuou and liahth arcuate beneath; petiole slightly canali-

culate, rugose, glabrous, 2-4 mm. Ioult I uln, < <ni«< h >rn< imin I

.

on young shoots compound iw< oi tin ipj,< num > , in m m -

cence; each inflorescence 10-16-flowered, racemiform, puberulent, the

primary peduncle 1-5 mm. long, the rachis 3-6 mm. long, the secondary

p :dum !' i to I mm lorn- i !k in i< r« ol« minut > cadu hi <h plat I

leaf of the subtending node near the summit of the primary peduncle,

bract-like, rose-colored, minutely puberulent, the leaves of two or more

subtending nodes u ua!b imilat < aly> lulu cylindrii PS i ( mm (mil;

1.5-2 mm. in dianmi i a> Hi. mince, minutely puberulent without, pink,

the tube interior glabrous in upper half, villous in lower half; calyx lobes

elliptic or lanceolate, 4 -4.5 mm. long, ca. 1.5 mm. broad, glabrous within;

petals 5, completely cleft to the base and appearing as 10, squamelliform,

spatulate, fleshy, ca. 0.5 mm. long, 0.25-0.5 mm. broad, densely comose

on outer surface, glabrous or como.se on < i ml u; filaments filiform,

glabrous ca. i im Ion- tin antb i >blon<> ) mm h i" '

:
, 5 inn

broad, the antisepalous whorl inserted immedi t< b low the petals, ex-

serted, the alternisepalous whorl inserted 1 or 2 anther's lengths below

the aril epalou included > rte< ,, ighlly exceeding the

petals; disc absent: ovary ellipsoid, 1.5 mm. long, sericeous, the style

somewhat eccentric, filiform, glabrous, tin hlmhi < a[ nate. small, papil-

late, exserted; pedicel ca. 3.5 mm. long. Fruit unknown.

This attractive vine was collected in flower on June 27, 1959, at an

elevation of 120 meters. The collectors indicate that it is -'occasional" on

the Cano San Miguel.

Venezuela. Amazonas : Cano in \!cm ! nea Limoncito 15 km. from Rio

Guaiana [2° 41' X, 67° 25' Wj, elev. 120 m., Wurdaci I ><!<[., \ i
'"

> ' i

w i. k '< • mbl. mo i i lo b / , />'/'( i,i ,'
,
/-;• / com

ay be distinguished in gross morphology by the following char-

leaf shape: more numerous bra I I
i I ro colored am

minutely puberulent beneath; pink to rose-colored calyx tube which is

slightly largei than lb < - ovatinu mall ntliei 1
en< >i dis<

excentric stvle. The fruit, m iortimateb is not known up to now, but

one can scarcely help wondering whether the fruit of L. ovatum will differ

i nuch ft that of the species presently known as their fruits differ

from each other.
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SRIVASTAVA, GINKGO BILOBA

CAMBIUM AND VASCULAR DERIVATIVES OF

GINKGO BILOBA

Lalit M. Srivastava x

Numerous papers and monographs have been written about the habit,

geographical and historical distribution, morphology and life history of

Ginkgo biloba L. Most of this literature has been reviewed by Seward

and Gowan (1900) and Sprecher (1907); and, in recent years, an ex-

tensive bibliography of papers published on different aspects of Ginkgo

has been compiled by Franklin (1959). The structure of vascular tissues

in the stems and roots of this plant has been described by several workers

— in general, it resembles that of the conifers. However, there are some

important differences, and certain anatomical details are not clear. The

secondary xylem of Ginkgo is unique among gymnosperms in having

parenchyma cells that accumulate druses of calcium oxalate, but whether

these parenchyma cells occur in the axial tissue (Sprecher, 1907; Pen-

hallow, 1907, p. 109-111) or also in the rays (Goppert, 1850, p. 266

Seward and Gowan, 1900) is not known. Tupper (1911) emphasized that

the axial files of parenchyma cells containing druses were always in spat

contact with the rays. Penhallow (1907, p. 209) mentioned two types

tracheids in the xylem; but his observations were cursory and, to 1

best of my information, have not been reported in subsequent literatu

Greguss (1955, p. 125) remarked on the irregular arrangement of tracheids

in radial files of xylem, but he did not explain why it was so. The second

ary phloem has been better described on the whole (Moeller, 1882; Stras-

burger, 1891; Sprecher, 1907), but the structure of fibers and the origin

and distribution of albuminous cells are not clearly understood.

In order to understand thoroughly the structure of xylem and phloem

and to determine the interrelationships of various cell types composing

these tissues, detailed ontogenetic studies are essential. Since the xylem

and phloem elements are derived from the cambium, a study of cambial

phenomena is necessary also. The present investigation was undertaken,

therefore, to study the developmental changes in the cambium and to re-

late these changes to the anatomical features of xylem and phloem. Rele-

vant aspects of cambial activity are reviewed and described first; this is

followed by the structure and ontogenetic relationships of the cell types

in the vascular tissues.

Bailey for critically
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MATERIAL AND METHODS

Material was collected from short shoots, young lapidly crowing long
shoots and the old trunk of a tree in Boston - in Dec. 1961, and from an
old branch of a tree in Cambridge in April, 1962. An earlier collection

made in Feb., 1958, included samples of long shoots from a young tree in

the Botanical Gardens of the University of California at Berkeley.3 Most
of this materia] was killed and fixed in Craf HI (Sass, 1951, p. 18), soft-

ened in equal parts of 95 per cent ethyl alcohol and hydrofluoric acid

for 16-20 hours, embedded in celloidin. and sectioned on a sliding micro-
tome. Serial cross, radial, and tangential sections were obtained. They
were tied to slides with thread (sec Cheadle and Esau. 1958), and stained

with tannic acid-ferric chloride and lacmoid (see Cheadle, Gifford and
Esau, 1953). The sections were mounted in Harleco resin. In addition,

some material from boston and Camion!-. ..' n i n,,n ,| M |

and some after being killed in Regaiabs fluid (Davenport. 1960, p. 168).
These sections were stained in different ways and served for checking
some histological features. The slides of Ginkgo available in the wood
"Cnu i ,,i !io! 'nun, Hat\aid I niversiU were examined

also. They served to confirm several details of xylem structure and as

subjects for some photomicrographs of that tissue.

As is well known, the cambial initials produce xylem and phloem deriva-

tives by periclinal divisions. The radial fdes of vascular elements derived

by periclinal divisions in single cambial initials are termed tiers. Periodi-

cally, the cambial initials divide in an anticlinal plane to form two daughter
initials, which in turn divide periclinally, and some cambial initials de-

cline and are lost from the initial layer through maturation into a xylem
or a phloem derivative. Hie radial extent of a tier comes to an end with an
anticlinal division in, or with a decline and loss of, its cambial initial.

A study of tiers, although laborious and time consuming, yields valuable

data regarding the developmental changes in the cambium and the origin

of vascular elements. For details of method, the reader is referred to

Bannan (1950) and Srivastava (1962).

Tiers, particularly those formed by fusiform initials, were studied in

the present work by the use of serial tangential and radial sections. They
were studied in xylem as well as phloem. The xylem derivatives of fusi-

form initials showed some apical intrusive elongation during their dif-

ferentiation (Fig. 3), but this elongation was not excessive and was some-
times absent. The study of tiers in phloem was rather difficult because

the collapse and crushing of sieve elements and albuminous cells occurred

close to the cambium and obscured the pattern of cell lineages. Conse-

quently, the tiers were followed in phloem only as far as it was possible

to do so with reasonable certainty.

"I acknowledge the assistance and -oopcration of Mr. John Cool), and Mr. Robert

material.
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The terms used in the present study have been defined earlier (see

f h,,;U i],. and } in i
[ > r n tiva, 1962). However, a few are defined

again for clarity. The daughter initials, formed after an anticlinal division

in , [ n iionn j„jii ; ,l ,, • m el} il theit 1i| until they attain the

length common to the fusiform initials of that region; during this growth,

they divide periclinallv also. The initials that are growing are called

growing initials; they become regular initials after they have stopped

elongating. Their tiers arc . ,i • uul regular tiers, respectively.

The fusiform initials that arc lost fron e cm 1<

dining initials and theii '
.
" The terms phloic and xylary

initial are used to denote the daughter cells formed toward the phloem

and xylem, respectively iftei a periclina livi ion in the cambial initial.

1 i,
. phi„ir mrl ,\lar\ inili 1 -itli* i

dimth !h i i uitht ul m; furlhei

divisions, or after a few divisions, produce the various cell types in the

vascular tissues.

OBSERVATIONS AND RESULTS

Cambium

In order to understand the activity of fusiform initials in the cambia

of young and old stems, 50 tiers in each of the two kinds of stems were

followed from the inner xylem to the cambium. A radial distance of ca.

0.8 mm. and almost two growth incre nenl i ved in each case.

The tiers were selected at random in the first section of the tangential

series and I had no <l< i I i
' >ulb ' uiUulb lupprn to the fusiform

initials of the tiers selected. The results of this study are shown in a

diagrammatic manner in Figures 1 and 2. In these figures the horizontal

lines represent tiers; a bifurcation means an anticlinal division in the

fusiform initial and the end of its tier; a line that stops short of the

cambial level means the end of the tier through the loss of the fusiform

initial- and small oblique lines with numerals by their side represent the

number of new ray initials added to the cambium. Vertical lines demarcate

the uTowth increments.

A comparison of these two li mre reveal that th n imber of anticlinal

divisions per unit oi xvlem inc. m( il is higl <»un H n n .Id h i

In the young stem 19 initials divided anticlmally, and of the 38 daughter

initials
"4 divided again. In the old stem, in contrast, only 4 initials

divided anticlinallv- Taking all tiers that were followed, in the young

stem there was a net increase of 5 initials, over the original 50, after 23

anticlinal divisions. In the old stem there was no increase in the num-

ber of fusiform initials because the number of new initials that was added

v , nl ,; (

-

tL ,1 (i ,, „,„ ua bahmed by the number of initials that was

lost from the cambium ill hi m< inn 1
n<

1
bi n 01 1

d l< n
1

that in this sec'tor of the old stem there was no increase in the number

of fusiform and rav initials with increasing diameter of the wood cylinder.

Probably there was such an increase, but it did not become apparent in

the tiers that were followed through the short radial distance of xylem.)
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The results presented here are based on a very small sample and cannot

be used statistically; however, they support the conclusion reached by

Bannan (1960b) for conifer cambia that the frequency of anticlinal divi-

sions and the survival of daughter initials are higher in young rapidly

growing stems than in old stems.

It may appear from these figures that the relative frequency of anti-

clinal divisions in Ginkgo is less than in comparable material of conifer

cambia (cf. Bannan, 1950, 1960a; Whalley, 1950; Srivastava, 1962).

Among the 50 initials followed through almost two years growth, 27

initials in the young stem and 43 in the old stem divided only in the

periclinal plane. (The initials that declined are omitted from this con-

sideration.) It must be emphasized, however, that the results obtained

in the present survey are based on a very small sample of the material of

Ginkgo and the radial distances of xylem followed were not extensive.

These results will have to be substantiated by a much wider sampling than

was possible here before valid comparisons between the cambia of conifers

and Ginkgo can be drawn.

The planes of anticlinal walls as seen in the cambium and as interpreted

from the xylem derivatives show varying degrees of obliquity, but trans-

verse or nearly transverse anticlinal walls seem to be rather rare. The

oblique anticlinal walls may be very long, sometimes extending through

one-fourth to one-third of the length of the original initial. The anti-

clinal divisions occur more or less near the middle of the dividing initial but

in some cases, particularly in young stems, they are placed more toward

one end and form daughter initials of unequal lengths.

During the elongation of daughter initials following an anticlinal divi-

sion a curious phenomenon was noted. Figure 4 shows successive xylem

derivatives of two fusiform initials. Only the tips of the derivatives are

drawn and the derivatives of one initial are stippled. It will be noticed

that the tips of the derivatives appear in different positions relative to

one another at b and c. A simple explanation of this phenomenon would

be that the xylem derivatives of the two fusiform initials elongated in-

trusively in different directions during their differentiation. If the intru-

sive elongation of differentiating tracheids is ignored, two other possibili-

ties may account for the phenomenon. First, the fusiform initials of the

two tiers underwent some shortening (see asymmetric periclinal divisions,

below) after the periclinal divisions that produced the derivatives at b

and elongated in different directions before they divided periclinally to

produce the derivatives at c. Second, the tips of the two fusiform initials

shifted their position relative to one another between the time they pro-

duced the derivatives at b and c. This explanation would involve actual

"physical movement" of the tips of the two fusiform initials relative to

one another. It was not possible to determine which of these explanations

was true, but the phenomenon is indicative of the high degree of mutual

adjustment among and between the fusiform and ray initials and their

derivatives.

The decline of fusiform initials in the cambium of Ginkgo occurs essen-
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tially in the same manner as described for conifers (see Bannan, 1953;

Srivastava, 1962); and results either in a total loss of the initial from

the cambial layer by maturation into a xylem or a phloem derivative, or

in its conversion to one or more ray initials. The periclinal divisions in

the declining initials are usually asymmetric and so oriented that the

shorter cell is left in the cambial layer and ai i initial for the next

division. The results of these divisions are seen in the xylem and phloem

and are marked by a progressive shortening of the succeeding derivatives

in the declining tier. Figuki > shows the Lasl fey q li m derivatives of a

declining fusiform initial which was lost from the cambium without leav-

ii iv initial. Fieri >
'• \

( lining tier in xylem and the

remnants of its initial in cambium which appear as two new ray initials

attached to the margins of a two-celled ray. The new ray initials yielded

derivatives toward the phloem side only (Fig. 6, i-e).

In several instances, the declining fusiform initial divides transversely,

or obliquely, one or more times arid the individual segments are lost by

maturation or undergo further shortening by asymmetric periclinal divi-

sions. The individual segments may further divide transversely (trans-

verse divisions of second order), the same process being repeated until

nothing is left of the original initial, or parts of it remain in the cambial

zone and become new ray initials. As a result of transverse segmentation of

the fusiform initial and maturation of some segments and shortening of

others, the declining tier breaks up into segments which may be discontinu-

ous in the axial direction. The xylem derivatives shown in Figure 7 illus-

trate the segmentation of the declining initial, loss of the upper and lower

segments, and the formation of a ray initial by the middle segment. As in

Figure 6, the derivatives of this ray initial appeared only in the phloem

(see one-celled ray at the bottom, Fig. 8, f-d). The decline of the tiers

shown in Figures 6 and 7 could not be traced from the phloem side.

The decline of several tiers was followed from the phloem side and

the relevant stages in xylem studied. The drawings in Figure 8, f-d, illus-

trate an anticlinal division in a fusiform initial followed by the decline of

the upper daughter initial, which is present in the cambium (at c) as three

axially discontinuous segments. The evidence for the anticlinal division

is seen in the phloem and xylem derivatives at f and b, respectively. It

will be noticed that the transverse segmentation and the breakup of the

upper daughtei mil- 1 . I > i
i

'

I .iiin.-i . i imns is obvious in the

phloem (e-d), but not in the xylem (b). The lower daughter initial was

still present in the cambium, it is possible that it would have declined

later. In Figures 9 and 14, likewise, the evidence for the breakup of the

declining fusiform initial into axially discontinuous segments is seen in

the phloem but not in the xylem. In Figure 9 two new ray initials are

present in the cambium but, although the last axial derivative of the
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declining fusiform initial occurred ca. 120 p. internal to the cambium, no

derivatives of the new ray initials were encountered in the xylem.

From these examples and several others of tiers that were followed both

in phloem and xylem, it seems that the transitional stages in the decline

of fusiform initials are often more clearly seen in the phloem than in

the xylem. But these stages occur in the xylem also (Figs. 6, 7). It is

possible, as Bannan (19S3) has suggested, that the declining fusiform

initials produce xylem and phloem derivatives in varying amounts—
sometimes more phloem elements are produced, at other times more

xylem elements.

During their decline, the fusiform initials and their segments may

divide periclinally at irregular intervals with the result that their deriva-

tives appear radially discontinuous. In the present study such radial

discontinuities in declining tiers were recorded only in the xylem (Fig.

10). They were particularly evident between the last axial derivatives,

and the first derivatives of the new ray initials (Fig. 11). Several such

examples were recorded. That these new ray initials had been left in the

cambium by the declining fusiform initial was supported by the study

of other declining tiers both in the phloem and xylem (Figs. 8, 9, 14) and

by the presence of transitional stages in the xylem (Figs. 6, 7, 10). The

observation of declining fusiform initials in the cambium further supported

this conclusion. Possibly, in these instances of radial discontinuity be-

tween the last axial and the first radial derivatives, the declining fusiform

initials and their segments did not produce any xylem derivatives after

their length had fallen below a certain value— they produced only phloem

derivatives until they were converted to ray initials.

Sometimes the early derivatives of newly established ray initials are

produced toward phloem only (Figs. 6, 7 and 8). Whether these ray

initials would have produced xylem derivatives at a later date could not

be determined. It is, of course, possible that some ray initials produce

derivatives toward phloem only and form what are known as phloem rays.

Reference has been made earlier to anticlinal divisions that set off

daughter initials of unequal lengths. Such divisions were very common

in the material of young stem. The shorter initials often declined and were

converted to ray initials, or were lost by maturation into xylem or phloem

The occurrence of radial divisions, in which the dividing wall twice

intersects the same radial wall, near the middle of fusiform initials was

recorded in the cambium and interpreted from a study of xylem and phloem

initial which divided anticlinally. The upper daughter initial declined and was

present in the cambium as three axially discontinuous segments (at c, cells with

nuclei). X 120. 9, Old stem; successive xylem (a-c) and phloem (f-e) deriva-

tives of a fusiform i

'*
i -I .lined and left two new ray initials in the

cambium (at d, cells with nuclei). A radial distance of 120 n intervened between

the last xylem derivative (at c) and the cambium (at d) ; during this time neigh-

boring fusiform and ray initials produced xylem derivatives. The anticlinal

division represented in the xylem derivative at a was picked up in the phloem

that occurred ca. 80 n external to the derivative at f, X 60.
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tippled) of a declining

bjaeent tier are shown also,
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(Fig. 12). Only a few radial divisions were seen, however, and it was
not possible to determine whether they led to the formation of ray in-

itials. In the literature on conifers, new ray initials are reported to be

formed in this manner (Bailej 1920a 1 i ghoorn, 1940; Bannan, 1957).

Addition of new in initial at the margin (I existing rays is a con-

stant source of an increase in the height of rays (Fig. 6). Parts of de-

clining initials often occur near the middle positions of the rays, but these

parts usually do not become established in the cambium as new ray in-

itial 1 In phenomenon is responsible in
i
tart at least for the generally

uniseriate arrangement of ra) s in Ginkgo. Similar observations were

made earlier in the Pinaceae (Srivastava,' 1962).

The secondary xylem of Ginkgo shows discernible growth increments.

But in some specimens the amount of late wood formed in a year may be

small— limited to one or two tangential layers of cells— and the bound-

aries between nccc sivt -trowlb increment mt >n oh ion ( ig In)

In these specimens the progressive decrease in the radial diameter of

tracheids during the transition from spring to summer wood seems to be

1 e 1 Apparently, these phenomena, like the ring width, vary with

the growth conditi >n and Its igc oi a plant (Foi eemingly conflicting

reports in the literature about the discernibility of boundaries between

growth increments and the amount of summer wood formed in a year in

Ginkgo, cf. Goppert, 1850, p. 54; Nakamura, 1882; Strasburger, 1891.

p. 10; Sprecher, 1907; Penhallow, 1907, p. 209; Greguss, 1955, p. 125;

Cheng, 1958.)

The tracheids, as is usual in ^ymnosp nn o Ion prismatic cells.

Bailey and Tupper (191S) found that the average length of tracheids in

Ginkgo increased from 0.9 mm. in the first annual ring to 3.5 mm. in

increments more than 60 growth rings away from the pith. Some measure-

ments of the length of tracheids in young long shoots and old stems in

tlu pn on noil yielded imilai o nil In i o il pecimen of Ginkgo

wood (courtesy of Prof. E. S. Barghoorn, Jr.) the tracheids were as much

as 8-9 mm. long. The age of the tree from which this sample came was, of

The tracheids have circular bordered pits in one or more rows on their

radial walls. The tracheid oi pring wood have only occasional pits on

their tangential walls, whereas those of summer wood have them com-

monly. Some summer wood tracheids, particularly in the young stems,

'".-• 70. i >i ' Ik <»i I I'M I 1 i
. )l IK I I 111 lit U\ 11

li|ii. |i ill i in ,i n iii i
ii ill, i I nn'l ill

,

x m nil li
) u mi

dematnes oi tin cm n i i diiwn il o I 2 Mid stem tangential

sections, successiu M n m hi mn .
hi. . m i .

en th i
i

. ilh in

radial division in the fusiform initial. The shorter cell formed after the radial

division declined and \ i, pn < m in Ih < inhinm ( it < i i tins.
,

no h

continuous segments (shown with nuclei), X 80. 13, Old stem, radial view of part

of a declining tier and ray in xylem and phloem. Starch-containing cells are

stippled, albuminous cells in outline, cells in cambial zone with nuclei, X 150.
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had one or more transverse walls which were distinctly pitted (Fig. 18).

The bordered pits in Ginkgo generally appear to have no torus on their

membranes. However, a small torus is discernible at high magnifications

in the membranes of unaspirated pit pairs (see also Wright, 1928). The
diameter of the torus is usually smaller than that of the pit pores. (For

details of pitting between tracheids and tracheids and rays, crassulae or

bars of Sanio, and trabeculae, see Kleeberg, 188S; Miiller, 1890; Seward
and Gowan, 1900; Sprecher, 1907; Bailey, 1919, 1925; Kanehira, 1926;

Greguss, 1955, p. 126; Cheng, 1958.)

A peculiar phenomenon noted in the xylem of Ginkgo is the presence of

two more or less distinct types of tracheids in the spring wood. The two
types of tracheids differ in their cross sectional diameters, thickness of

their secondary walls, and the manner of pitting on their walls. For con-

venience, they are referred to as wide and narrow tracheids (Figs. 17, 19).

The chief difference in the cross sectional diameters of these two tra-

cheids is in their radial dimensions. Occasionally, the narrow tracheids

have smaller tangential dimensions also. These overall size differences

in cross sections are accentuated because the narrow tracheids as a rule

have thicker secondary walls than the wide tracheids. With phloro-

glucin-HCl, however, the walls of these tracheids stain with equal in-

tensity (Fig. 17). The wide tracheids have circular bordered pits in one

or more rows along their radial walls, and well developed crassulae fre-

quently separate individual or groups of pits. These tracheids are con-

nected with the cells of the xylem rays by a combination of bordered pits

and primary pit fields. In contrast to the wide tracheids, the narrow
tracheids have very few pits on their radial walls, and these pits are gen-

erally confined to those areas of the wall that are in contact with the cells

of the xylem rays (Figs. 19, 20).

The samples examined in the present study came from different trees

and were of different ages. Among these samples there was considerable

diversity with regard to the occurrence of narrow tracheids. They were
particularly common in old specimens with wide growth increments, and
rather poorly represented in young specimens (cf. Figs. 21-23). They are

present in young specimens, however, and may be seen even in the first

one or two years of xylem growth. Within a growth increment, the nar-

row tracheids appear to be relatively more abundant in the wood formed
later in the spring.

The wide and narrow tracheids occur interspersed in the same radial

file— a variable number of wide tracheids alternating with an equally

variable number of narrow tracheids (Figs. 17, 20, 21). These tracheids

are the usual xylem derivatives of growing and regular fusiform initials;

their lengths within a tier correspond to the length of the fusiform initial

responsible for that tier. Small differences in the length of tracheids within

a tier are common; these differences are probably related to the varying

degrees of intrusive apical elongation of the differentiating xylem tracheids.

No direct relationship is evident, however, between the extent of apical

elongation and the differentiation of narrow or wide tracheids. Within a
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tier some narrow tracheids may be longer, others shorter, than the wide

tracheids (Fig. 20).

The presence of wide and narrow tracheids within the same tier indi-

cates that the differences between these tracheids are brought about dur-

ing their differentiation. The difference in radial diameter of these tra-

cheids is probably the result of differential expansion— the wide tracheids

expanding more than the narrow tracheids. The difference in tangential

diameter, when present, is more difficult to explain. Lateral compression,

due to expansion of derivatives in adjacent tiers, seems to be most likely.

Some tangential shrinkage is also possible. In some instances, a radial

division in the xylary initial may also occur.

Several workers have recorded the presence of axial parenchyma cells

in the secondary xylem of Ginkgo. Some of these cells accumulate druses

of calcium oxalate. Among the samples that I examined, the occurrence

of parenchyma cells was rather variable and seemed to be related to the

age of the sample. In young twigs parenchyma cells may not be formed

for the first 3-4 years of xylem increment. Later they are formed and store

starch. Parenchyma cells with druses of calcium oxalate generally do not

appear until the 7th or 8th year of xylem growth.

The analysis of tiers revealed that the differentiation of parenchyma

cells in the axial system is related primarily to the decline of fusiform

initials. It is, of course, possible that some derivatives of growing and

regular initials differentiate as parenchyma strands, but such an occur-

rence seems to be rare. The xylem derivatives of declining fusiform in-

itials often become transversely divided and form strands of cells. These

transverse or oblique divisions apparently occur in the xylary initials.

They are more common in the declining tiers of old stems than of young,

possibly because the fusiform initials, and hence the xylary initials, are

much longer in the older material. Some of these cells in the declining

tiers acquire pitted secondary walls like ordinary tracheary elements.

Other cells remain parenchymatous.

In young twigs the xylem derivatives of declining tiers differentiate

predominantly as tracheary elements, although some parenchyma cells

storing starch may be formed also. In older material, some cells of de-

clining tiers differentiate as tracheary elements, others as parenchyma cells

storing starch, and still others accumulate druses of calcium oxalate (Figs.

15, 21, 25, and 26). The cells that accumulate druses expand and become

almost globular, and their differentiation is completed very close to the

cambial zone (Fig. 27). The axial and the ray derivatives that are tan-

gentially and radially adjacent to the expanding parenchyma cells be-

come laterally displaced. Several declining tiers occur in the neighbor-

hood of xylem rays— some segments of declining tiers may indeed be

present between two axially adjacent rays (Fig. 15). In such instances

it is difficult to distinguish between the ray cells and the derivatives of

the declining fusiform initial and its segments in isolated tangential and

radial sections; therefore it is possible to conclude that some ray cells

accumulate druses. An examination of serial sections is necessary in these
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cases to determine the correct; relationship between the iixial and the ray
elements

The cinversion of declining fusiform inil ials to ray initials is often

accompanied by intermittent periclinal divh;ions toward xylem. Radial
discontirmities frequently occiar between the last axial ;md the first ray
derivatn>es and, as a consequence, the xylen , iluiv.tiu s usually show a

sharp arid somewhat abrupt tiransition from am axial to i i radial structure

(Figs. 1 0, 11). This transit][on is reflected in the nati ire of the xylem
derivath'es also. The last axi al derivatives store starch or druses of cal-

cium oxalate, or may even be itracheary; howe ver, the ray derivatives seem
starch only (Fig. 13;). In some inst tended decline of

fusiform initial 'represented iri the xylem, it is possible that some early
res of ray initials ac(:umulate druses>. I have rtot recorded this

phenomenon, however.

Phloem

The secondary phloem of Ginkgo consists of sieve elements, parenchyma
strands and fibers in the axial system and the rays (Fig. 16). Fibers

were absent in the secondary phloem of short shoots examined by me
(Fig. 24), but it appi u i Ik lit n itui that thi may not be gen-

erally true (cf. Seward and Gowan, 1900; Sprecher, 1907; Gunckel and
Wetmore, 1946). As noted in the literature, however, druses were abund-
ant in the phloem-parenchyma cells of the short shoots.

The sieve elements as in gymnosperms. are elongated prismatic cells

with sieve areas confined mostly to radial walls. The sieve areas in

Ginkgo may be elliptical, oval, or round; but they are usually broken up
into numerous snu'i pon «

i »up (Figs. 27, 28). Typical sieve plates are

lacking and, in conformity with the accepted terminology (see Esau,

1950), the sieve elements in Ginkgo c 1 I lered as sieve cells.

The sieve elements have thin walls; they lack the secondary, or nacre,

wall typical of the sieve elements of Pinaceae (cf. Abbe and Crafts, 1939;

Srivastava, 1962). The walls are weakly birefringent under polarized

light.

As is typical for this type of cell, the mature sieve elements are enucleate.

They have a thin layer of parietal cytoplasm and plastids. "Sieve element

starch" that slain red with II. I is present.

The sieve elements are generally characterized by the presence of cal-

lose cylinders around the connecting strands in the sieve areas (see Esau,

1939, 1950). The material ol iinkgo • .mined by me was specially

stained to detect the presence of callose. Only very small traces of callose

were seen, howevej m i in th i iMn.ni l» i to the cambium. Most
of the material was collected during periods of dormancy; the material

from Cambridge \\ a (oIFlI.mI if i lini^diciiiin la <a jm tunning

tives, cambium at p. " 95 ['rachean cell villi double lint crystal cells with
druses, starch-containing cells stippled, albuminous cells without nuclei, cells in

cambial zone and undifferentiated cells with nuclei, ray cells in outline.



180 JOURNAL OF THE ARNOLD ARBORETUM [vol. xliv

out. It is possible to assume, therefore, that in Ginkgo callose is present

in the sieve elements only durin • p< riod ( I ictive growth, and that it dis-

appears with the onset of dormancy. Detailed seasonal studies must be

made, however, before the presence of callose can be related to the period

of active growth.

Individual cells in phloem-parenchyma strands are distinguished on

the basis of their contents, some contain starch, some accumulate druses of

calcium oxalate, and some are specialized as albuminous cells (Figs. 29-

31). (For albuminous ceils, see Strasburger, 1891, p. 55-62; Srivastava,

1962.) Some cells that store starch also accumulate tannins. These dif-

ferent cell types occur interspersed singly or in small chains in the same

parenchyma strand. Occasional parenchyma strands may be composed

of one type of cell only.

The cells that accumulate viruses expand considerably. Strasburger

(1891, p. 79-80) and Sprecher (1907) recorded the presence of crystal

druses in some parenchyma cells of the youngest phloem, next to the

cambium. I have not seen such an early deposition of druses in the

phloem; although in xylem, as mentioned above, they are deposited in the

youngest tissue. In the phloem of old stems that I examined the druses

became evident ca. 8-10 layers of cells away from the cambium and it

appeared that some starch-containing cells became modified as crystal-

bearing cells.

The albuminous cells were ui-tiimi.Mu-ii :i the present study by the

lack of starch (Fig. 29) and by their collapse and crushing in the old

phloem (Figs. 27, 30). The albuminous cells, like the companion cells

in angiosperms, are connected with the sieve elements by one-sided sieve

areas (see Strasburger, 1891, p. 61, 65; Esau, 1939). However, as men-

tioned earlier, callose was not present in detectable quantity in the ma-

terial of Ginkgo examined by me and, consequently, the sieve-area con-

nections between the sieve elements and the albuminous cells were not

very clear. The all luminous cells, like the sieve elements, have plastids

and do not store starch that stains blue with TKI.

The fibers are elongated tapering elements that are llattened tangentially

(Figs. 16, 31). They usually have a very small lumen. Their thick sec-

ondary walls are distinctly lamellated and appear to be composed prin-

cipally of cellulose. With phloroglucin-HCl they do not give a positive

reaction for lignin (see also, Tobler, 1938). They are strongly birefringent

under polarized light. Seward and Gowan (1900) mentioned that the

fibers in Ginkgo are septate. I have not seen any evidence of transverse

walls in these fibers. In tangential sections, because of their narrow radial

diameter, the transverse walls of the radially adjacent parenchyma strands

often appear to belong to the fibers. Also, the ^lip lines ' (Robinson,

1920; Frey-Wyssling, 1953), produced during i tioning, may be mis-

taken for transverse or oblique walls, or pore canals. A correct idea about

the structure of fibers is obtained in macerations. In these preparations,

cross walls are not observed; also, the pits seem to be very infrequent.

The sieve elements, parenchyma strands, and fibers are the usual deriva-
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tives of growing and regular fusiform initials. Within a tier and among
neighboring tiers, the production of sieve elements, parenchyma strands

and fibers is somewhat irregular; and any resemblance to the four-cyclic

alternation of the tangential bands of sieve cells, parenchyma strands,

sieve cells, and fibers, typical of several species of Cupressaceae and
Taxaceae, is rather vague (see also, Moeller, 1882, p. 33; Strasburger,

1891, p. 77-78; Seward and Gowan, 1900).

With the decline of fusiform initials, particularly in later stages of

decline, the phloem derivatives are usually strands of parenchyma cells,

some of which store starch while others differentiate as albuminous cells

(Figs. 13, 14). Accumulation of druses in the derivatives of declining

tiers was not observed, but it is possible. With the transition of declining

fusiform initials and their segments to ray initials, the derivatives no

longer differentiate as albuminous cells and only starch-containing cells

are produced. But since the decline of fusiform initials and their con-

version to ray initials is a continuous process, albuminous cells often ap-

pear among the earliest derivatives of ray initials; and in isolated tan-

gential sections these albuminous cells may be interpreted as parts of

DISCUSSION

The results obtained in the present survey indicate that the cambial

phenomena in Ginkgo, that is, the planes of anticlinal divisions in fusi-

form initials, the growth and decline of fusiform initials, and the forma-

tion of new ray initials, are similar to those recorded in conifers (see

Bailey, 1923; Bannan, 1953, 1957; Srivastava, 1962). Minor differences

of a quantitative nature may perhaps be present. Thus, it is possible that

the relative frequency of anticlinal divisions in a lineal series per unit of

xylem (or phloem) increment is more in conifers than in Ginkgo. It is

important here to discuss the role of anticlinal divisions in an increase in

the girth of cambium.

As Bailey (1923) has mentioned, the multiplicative anticlinal divisions

in fusiform initials are only one, among several, means by which the cam-

bium is accommodated to the increasing girth of wood cylinder. Other

means include an increase in length and tangential diameter of the fusi-

form initials and an increase in the number and tangential diameter of

the ray initials. From the data presented by Bailey (1917, 1920b, 1923),

Bannan (1960b), and in this paper, it seems reasonable to infer that in

young stems of conifers and Ginkgo all the above-mentioned factors are

operative in effecting an increase in the girth of the cambium. In old

stems, however, the increase in length and tangential diameter of the

fusiform initials and increase in the tangential diameter of the ray initials

play only an insignificant role; the increase in the girth of cambium is

effected primarily by an increase in the number of fusiform and ray in-

itials. To achieve this increase in the number of fusiform and ray initials,

anticlinal divisions are necessary.
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The work of Bannan (1950) and Whallcy (1950) on conifer cambia has

shown that the nuinher of .minimal divisions in fusiform initials far

exceeds the number actually required to accommodate the cambium to in-

creasing diameter of the wood cylinder, and is accompanied by the loss of

a large number of new initials. Thus, it is only a very small percentage

of anticlinal divisions that is directly involved in increasing the girth of

the cambial cylinder. It is of interest in this connection to recall that

Priestley (1930) calculated from the data given by Bailey (1920b) that

individual fusiform initials needed to divide anticlinally only once every

fifteen years to accommodate the cambium lo the increasing diameter of

wood cylinder. These calculations have only a theoretical significance.

However, they do emphasize that a high frequency of anticlinal divisions,

as is seen in the conifer cambia. is not really essential for adjusting the

cambium to the increasing circumference of wood cylinder. It is con-

ceivable, therefore, that quantitative differences in the frequency of anti-

clinal division in ii m imiial ma} • i .--
1 ictwe n the cambia of dif-

ferent plants. But large quantities of comparable inairrial must be exam-

ined before such differences, if they are present, would be revealed.

Since the anticlinal do i i< i in I'n ii inn d of conifer cambia occur

at a frequency far greater than is actually required, one wonders at the

possible significance they might have, besides the fact that they result in

an increase in the number of cambial initials. Bannan (1960a, b) has

discounted the possibility that the frequene\ of anticlinal divisions may
be directly related to the growth rate of the stem or to the length of

the fusiform initials. He has concluded thai the frequency of anticlinal

divisions in fusiform initials apparently is geared neither to the circum-

ferential expansion not to the number of periclinal divisions in the cam-

bium, but rather seems to be related to linear radial increment as deter-

mined by periclinal divisions both in cambial and xylary initials. It is

possible to consider in this connection a role of anticlinal divisions that

has not been mentioned so far. The anticlinal divisions confer upon the

cambium a greater degree of plasticity than is possible with periclinal

divisions (symmetric and asymmetric) and intrusive apical elongation

only. Frequent anticlinal divisions and the loss of large portions of the

new initials are phenomena of great significance in the mutual adjust-

ments of the cambial initials and their derivatives. They are also of sig-

nificance in adjusting the cambium to changes in the growth conditions of

a plant. This increased degree of plasticity attained as a result of anti-

clinal divisions in the fusiform initials may have had a survival value in

the course of evolution.

In the literature on the cambia of gymnosperms. new ray initials are

reported to be formed by cutting off of large m .small segments from the

fusiform initials 4 (Velten, 1875; Schmidt. 1NS<>
:
klmken. 1914; Bailey,

1920a; Barghoorn, 1940; Braun, 1955). The divisions that separate

these new ray initials may b< i uli d ti m verse ot of various degrees of
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obliquity and may occur near the middle or near one end of the fusiform
initial. The ontogenetic work of Bannan and his associates (Barman,
1950, 1953; Bannan and Bayly 1956) and myself (Srivastava, 1962) has
clarified the details of this process. As ha lx nmniintn I i lit t

» id
fusiform initials arc lost entirely, or in part, from the cambial zone. This
1 (

» s. »r declin. of fusiform initials is frequently bronchi ibout by a com
bination of asymmetric periclinal divisions and transverse segmentation.
As a result, small segments of the original fusiform initial are left in the
cambial zone and ail ,is <i.>u mv initials Ray initials are also formed by
radial divisions in the fusiform initials — the shorter cells frequently per-
sisting in the cambium m-v. ray initials.

_

These observations on the conifer cambia have been further substan-
tiated in the present study. A few points may be emphasized briefly,

however. In several instances of decline, the stages in the conversion of
fusiform initials and their segments to ray initials are better represented
in the phloem than in the xylem (Figs. 8, 9, and 14). Also, occasionally,

the first derivatives of new ic initials are produced only toward phloem
(Figs. 6, 7, and 8). Comparable literal ting the extent of declin-

ing tiers in the xylem with that in the phloem, is lacking. But from the
data presented here and my limited observations in the Pinaceae (Srivas-

tava, 1962), it appears that during the transition of several fusiform in-

itials and their segments to ray initials, periclinal divisions occur pre-

dominantly toward phloem and intermittently toward xylem. As a result,

radial discontinuities appear in the xylem not only among the derivatives

in the declining tier (Fig. 10) but also between the last axial derivatives

of the declining fusiform initials and the first radial derivatives of the
new ray initials (Fig. 11). These phenomena would explain the some-
what abrupt beginning of rays described by Bannan (1934) in the sec-

ondary xylem of Ginkgo.

The general resemblance of the secondary xylem and phloem in the
long shoots of Ginkgo to those of conifers is obvious. There are some
striking differences, however. These differences include the presence of

narrow tracheids and crystal-bearing parenchyma cells in the xylem and
cellulose fibers and crystal druses in the phloem. It must be pointed out
in this connection that the presence of crystal druses in phloem and the
manoxylic structure of the short shoots of Ginkgo are features shared
by the cycads (see Mettenius, 1861; Strasburger, 1891, p. 154; Seward
and Cowan. J 000),

In their cross sectional diameter and the thickness of their secondary
walls the narrow tracheids in the spring wood resemble the summer wood
tracheids. But, unlike the latter, the narrow tracheids generally have pits

only on those areas of their walls that are in contact with the cells of

xylem rays. A rougl ig ith the fibers in the angiosperm woods
would not be out of place; however, these tracheids have bordered pits

on their walls, they also do not show any special intrusive apical elonga-

tion during their differentiation. As mentioned earlier, the narrow and
the wide tracheids within a tier may show some apical elongation during
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their differentiation, but, on the whole, their length corresponds to the

length of the fusiform initial of the tier and there docs not seem to be any

correlation between the degree of apical elongation and the nature of the

tracheid. It has been indicated by Bailey (1920b) that fluctuations in the

length of tracheids in a tier may occur within a growth increment and

from one growth increment to another. These fluctuations may be related

to varying degrees of apical elongation of Individual tracheids during

their differentiation.

The indefinite arrangement of tracheids ir 1 1 1 1 1

presence of groups of small tracheids interspersed among larger tracheids

(Fig. 21) seem to be features typical of Ginkgo wood. The study of

tiers reveals that these features have their basis in a combination of sev-

eral factors — the presence of narrow tracheids interspersed among wide

tracheids in the same tier, occasional radial divisions in the xylary initials

and the differentiation of derivatives as narrow tracheids, presence of

narrow tracheids in tangentially adjacent tiers, differential intrusive growth

of the tips of the derivatives in a tier, and differential expansion of the

wide tracheids during their maturation.

It has been shown m the pre- ait huh that the axial parenchyma in

the xylem of Ginkgo is formed with the decline of fusiform initials. The

radial files of parenchyma cells are nnh the declining tiers in xylem and

their appearance as radial plates of cells depends on the duration of time

through which a fusiform initial declines and divides periclinally toward

xylem. The declining tiers have no particular spatial relationship with

the rays, as Tupper ( I'M f ) thought; parts of these tiers may be in contact

with existing rays, other parts may not be so connected. Tuppers (1911)

observation that the crystal-containing cells are modified parenchyma cells

is acceptable, if one bears in mind that the differentiation of these cells

is completed very close to the cambium. The lateral expansion of the

crystal-containing parenchyma cells would be possible only in the plastic

zone of different iat in» tracheids. not in the mature wood.

A detailed study of the bark, including \\\f cytology of sieve elements

and albuminous cells, changes in the old phloem, seasonal changes, and

the structure of the periderm was beyond the scope of the present work.

Emphasis was placed upon the origin and the interrelationships of the

phloem elements as they arc derived from the cambial initials. These

have been described in detail elsewhere in this paper. In the following

paragraphs, therefore, only a few points concerning the declining tiers

and the rays in the phloem of Ginkgo and Pinaceae are mentioned briefly.

Although the decline of fusiform initials and their conversion to ray

initials is often well represented in the phloem of Ginkgo, it does not

seem to be as extended as in the phloem of Pinaceae. As a result, the

"radial plates of cells," described in the literature and later interpreted

as the declining tiers in phloem (see Srivastava. 1962), are usually not

as clearly marked in the phloem of Ginkgo as they are in the phloem of

Pinaceae. However, such radial plates do occur and their derivatives, as

in Pinaceae, include starch-containing and albuminous cells (Fig. 13).
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It was shown in the Pinaceae (Srivastava, 1962) that the differentiation

of albuminous and starch-containing cells is rather irregular among the

early derivatives of new ray initials; but as the ray initials become well

established, the derivatives of marginal initials differentiate preferentially

as albuminous cells, while those of submarginal initials differentiate as

starch-containing cells. With addition of new initials at the margins of

existing rays, the derivatives of initials that now become submarginal

start to differentiate as starch-containing cells. In Ginkgo the derivatives

of ray initials as a rule do not include albuminous cells. The derivatives

of marginal and submarginal initials differentiate as starch-containing cells

only. It appears that in Ginkgo, in comparison to Pinaceae, not only is

the decline of fusiform initials and their conversion to ray initials more

abrupt, but the change from a production of albuminous cells to starch-

containing cells is rather abrupt also.

A discussion of the inappropriate term albuminous cell has already been

given and is not repeated (see Srivastava, 1962).
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X 80. 23, Transverse ection of a young long hoot (Boston 1961) 115

Figs. 24-2 7. Transverse, tangential, and radial set

4, Transverse section of a short shoot (Boston,
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section of xylera of an old stem (Boston, 1961, Regaud's fixative) stained with

IKI and mounted in glycerine. The section shows axial xylem parenchyma with

crystal and starch-uni imim> « li « i n i I lion of xylem of an

old stem (Boston, 1961, Regaud's fixative) stained with Regaud's hematoxylin

and showing axial i a crystal and starch-containing cells, X 70.

27, Radial section of latest xylem cambium i d phloem of an old stem (Boston,

1961, Regaud^ fixal I ined ith IKI and mounted in glycerine. Axial file

of xylem-parenchyma cells containing druses of calcium oxalate and starch are

seen next to the cambium. In the phloem, sieve elements and parenchyma

I ,-aml with Ian im unt nmm < ll mil IbuminiU! cell n rrn 'H

Figs 28-31. Radial and tangential sections of phloem of old stem. 28, Radial

section (Boston, 1961, Regaud's fixative) stained with Hotchkiss method (see

Glick, 1949, p. 44) showing sieve areas, X 780. 29, Tangential section of phloem

close to the cambium (Boston, 1961, Regaud's fixative) stained with aniline blue

and mounted in glycerine. The section shows albuminous cells and starch-

, „ ,
)l|llli; ,, n ,„ [>:! ..„,!,,„,, .(,.„ i

!<>(> (i |\, „ ntial section of old

phloem (Boston, 1961, Regaud's fixative) stained with IKI and mounted in

glycerine. Albuminous cells appear empty and some are collapsed; the starch-

containing cells remain alive, X 190. 31, Tangential section of old phloem

(Boston, 1961) showing phloem fibers and parenchyma strands, some cells of

which contain druses of calcium oxalate, X 70.
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ERNST, HAMAMELIDACEAE AND PLATANACEAE

THE GENERA OF HAMAMELIDACEAE AND PLATANACEAE
IN THE SOUTHEASTERN UNITED STATES l

Wallace R. Ernst

HAMAMELIDACEAE R. Brown in Abel, Narr. Journ. China 374. 1818,

"Hamamelideae," nom. cons.

(Witch-hazel Family)

Deciduous for evergreen], ± pubescent trees or shrubs. Leaves simple,

usually with deciduous stipules [or stipules fused or rarely absent], petio-

late, alternate [or opposite], pinnately (or palmately) veined [sometimes

dimorphic]; stomal iaxia laracytic. Hairs usually nonglandular, stel-

late or tufted, the individual membei unicellular (or hairs simple). In-

florescences bracteate, axillary or terminal, ± capitate or spicate (or ±
racemose). Flowers ± regular, subhypogynous to subepigynous, bisexual

or unisexual (the plants then monoecious [rarely dioecious]); perianth

4(5)-merous, cyclic, 1- or 2-seriate, often reduced or ± absent. Calyx

apparently united, 4- or 5(7)-lobed, usual! n ind ± adnate to

the fruit or ± absent
|
or sepals connate or circumscissile

| . Corolla apopet-

alous or absent Stamens 4 alternipetalous with alternating staminodia,

or many and indefinite; [connective often conspicuous;] anthers usually

basifixed, with 2 or 4 pollen sacs, becoming 2-locular at an thesis; dehis-

cence longitudinal by a simple slit, or by 1 or 2 vertical valves; pollen

mostly 3-colpate (or polyporate). Gynoecium ± syncarpous, usually

2-carpellate; stigmas terminal or introrsely decurrent; styles free, usually

spreading; ovary 2-locular, usually somewhat embedded in the receptacle

[to inferior
| ;

placentation ± axile; ovules 1 (2) in each locule and apical

(or many),' anatropo : enl 2-integumented, the micropyle upward.

Fruits partly inferior or somewhat inclosed by the calyx, with leathery

exocarp and bony endocarp, often appearing to separate apically into

4 persistent valves; dehiscence loculicidal, the fruits 2-seeded (or septicidal

"Prepared for a <vi,eii< flora oi 1 he southeastern United Slates, a joint project of

the Arnold Arboretui ! the Graj Herbarium, made possible through the support of

the National Scienu urn.] lion m I • .t . I « < nlc m-i undei the diiection of

Reed C. Rollins and Carroll E. Wood, Jr. This treatment follows the style established

in the first paper oi Hie series. Jour Arnold Arb. 39: 2<)6 .vlo. LKS8 (and continued

through volume 4 n In n i o\ u<\ i m Milm n ui is bounded b\ and

includes North Carolina Tennessee, Arkansas, and ouisiana 1 he descriptions apply

primarily to the plants of this area with supplementary information in brackets.

References not seen by the author are marked with an asterisk. The illustrations were

prepared by Mrs. Dorothy H. Marsh under the direction of Dr. George K. Brizicky;

',„- m auu ,npt A-as prepared by Mrs. Gordon W. Dillon. Helpful information on

Hamamelh in Tc\ i i pu. id.d b Di Lloyd H. Shinners New cytological in-

formation on Fothergilla was supplied by Dr. Joab L. Thomas. Generous assistance

from both Dr. Brizicky and Dr. Wood is gratefully acknowledged.
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with most of the many seeds per locule aborted). Seeds oblong, lustrous,
hard, often with a pale region merging with the apical hilum and decur-
rent on 2 sides (or seeds winged and the hilum lateral); embryo straight;
endosperm present. (Including Altingiaceae Lindley.) Type genus!
Hamamelis L.

About 23 genera and 100 species, concentrated in China, absent from
western North America, the West Indies, South America. Polynesia, and
Europe. Perhaps 13 genera are monotvpic; about live are native to the
New World. Several taxa are widely represented in northern fossil de-

Among the unifying landmarks of Hamamelidaceae are pinnately veined
leaves, bicarpcllate,

i bilocular, usually 2-sccdc<}. loculicidal fruits with
leathery exocarp, bony endocarp. lustrous seeds with characteristic apical
marking associated with the hilum. and predominantly tricolpate pollen
(cl. Liquidambar). Also characteristic of the family, and of interest mor-
phologically, are the diversity of staminal structure and the often inter-
mediate conditions of capitate, spicate, or somewhat catkin-like inflores-
cences; of reduction of perianth; of suppression of one sex (polygamy);
and of epigyny. perigyny. and subhypogvnv.

Placing primary emphasis on the number of ovules per locule Niedenzu
divided Hamamelidaceae into subfam. Hucklandioideae Niedz. (including
Liquidambar) and subfam. Hamamelidoideae, both with two tribes. In
the latter, tribe Hamamelideae, with short staminal filaments and capitate
inflorescences, was separated from Larrotieae Gardn. (including Fother-
Killa), with spikelike inflorescences and long stamina] filaments. Later,
Harms recognized

if^ them l.i<]iiidamharoidrar ami
naniamelidoideae. the latter comprised of live tribes, including Han
deae and the apetalous Kothergilleae DC. In either system.' the bulk of
the taxa is referred to Hamamelidoideae. (See Gardner for an additional
taxonoimc scheme.)

In contrast to the apparently reduced floral morphology of many
Hamamelidaceae, the tracheary structure is relatively unspecialized, the
vessels having exclusively scalarilorm perforation plates. On the one hand,
anatomical affinities are with some Magnoliales, and. on the other, with
Casual-males, Uagales, and Urticales (Tippo). Hamamelidaceae are simi-

and I rticaceae. Anatomically. Rosales. from which Hamamelidaceae

see Tippo and Tang.)

Chromosome numbers of In = 24, 30, 32, 48, and 72 have been re-
ported.

Several arborescent species provide useful timber; a fragrant exudate,
styrax. is obtained from Liquidambar and Altingia; an extract of bark
and leaves of Ilamamrlis virginiuna is the source of witch-hazel. Hand-
some representatives of several genera are cultivated and often are valued
«

" " ii ivid ui iiini coloration.
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Agardh, J. G. Theoria systematis plantarum. etc. xcvi f 404 pp., index, ex-

plicatio iconum, pis. 1-28. Lund. 1858. [Ovules of Fothergilla, Hamamelis,

ind riatov ts hi
\

Anderson, E., & K. Sax. Chromosome numbers in thi i idacea

their phylogenetic significance. Jour. Arnold Arb. 16: 210-215. 1935. [Con-

fer H ' « ved from Rosalean stock.]

Baillon, H. Nouvelles note sui le Ham i tl dees. Adansonia 10: 120-137.

1871.

.

. Saxifragacees. Hist. PL 3: 325-464. 1871. [Hamamelis and Fother-

Hu ]) r i, >> , ,, (Itinlwi '), 1 00 "n >,ts 400-403,462;

see English translation by M. M. Hartog, Nat. Hist. PI. 3: 323-464. 1874.]

iJerr' E Y\
r

Ihi bmu Lociie llun^ -! mI>hm lc >

'' Oh America. U.S.

Geo!. Surv. Prof. Pap. 91. 481 pp. #s. i-i!7. 1916. [Hamamelidaceae, 91,

u > im i M hm'i w.tl u, i! ill ' li ii
!

Iree ana oi •
Hamamelis, 188-1

Liquidambar, 181-188; Platanus, 157-164.]

Britton N. L. Hamamelidaceae. N. Am. Fl. 22: 185-187. 1905.

. North American trees, x + 894 pp. New York. 1908. [Hamamelis,

410 411; Liquidambar, 412-414; Platanus, 415-419.]

Clarke, B. On ih , u d mm .

1
:

ceae and Chloranthaceae. Ann. Mag. Nat. Hist. III. 1: 100-109, 112, 113.

pi. 6. 1858.

Creech, J. L. On the distribution of Loropetalum chhicn.se. Am. Hort. Mag.

39: 236. I960.*

Egger. K., & H. Reznik. Die Flavonolglj koside d< I
mehdaceen. Planta

-. > ()_24<) '"' '

Erdtman, G. Pollen morphology and plant taxonomy. VII. Notes on various

families. Sv. Bot. Tidskr. 40: 7 7-84. 1946. [Hamamelidaceae, 82, 83.]

Gardner, G. Descriptions of some new g ' plants, collected

in the island of ] .
\

I apt tampion, 95th Regt. Jour. Bot.

Kew Misc 1: 2^ '6 0- M 2\ > 1K19 |« '

lelidaceae, 312-320.

321-323.]

Hallier, H. be t .i . i
'i > i' und die Verwandtschaft der

Famiiiederr ' I n !' " !

l!
'

Harms, H. Hamamelidaceae. Nat. Pflanzenfam. ed. 2. 18a: 303-345. 1930.

In, . i« i, ( i hi '

Horne, A. S. A contribution to the study of the evolution of the flower, with

special ret nee to the li' 'i '
- < <i

(1 and Cornaceae

Trans. Linn. Soc. II. Bot. 8: 239-309. pis. 28-30. 1914. [Hamamelidaceae.

245-251; floral morphology.]

•

i
,

|
< ',„ hdaceae. Arb. Bull. 21:3-6,30, 31. 1958. [Genera and

Morvillez F. L'appareil conducteur foliaire des Hamamelidacees et des formes

voisines. Compi
'

Rend. Acad. Sci. Paris 169: 542-545. 1919. [Includes

Platanus.']

Niedenzu, F. Hamamelidaceae n ,.l P.l.i^enfam. III. 2a: 115-130. 1891.

[Platanaceae, 137-140.]

Ohtani F Uber den Ban des Blattrandes bci M)

Lauraceen und Monimiaceen. Festschr. A. Tschirch. 299. 1926.* [See Bot.

Jahresb. 54(2): 456, 457. 1934.]
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Oliver, D. On Sycopsis. Trans. Linn. Soc. 23: 83-89 pi 8 1860 I Discussion
of family; see also ibid. 457-461. pi. 48. 1862, ilamameUs and Loropetalum

]Record, S. J.. & K I.
, , ,. o1 the New World, xv + 640 pp. pis.

1-59. New Haven. 1945.
|
Hamamelidaceae. ISO. 1S7 • I'latanus 428 429 1

Reinsch A. (.be, .'„ „.,. I,,,, h.n.mse der Hamamelidaceae mit
RucksiclU auf ihre systematische Gruppierung. Bot. Jahrb. 11: 347-395.

Shaw, E., & R. D. Gibbs. Comparative chemistry and the relationship of the
Hamamelidaceae. Nature 190: 463, 464. 1961. [Inconclusive.]

Skvortsova, N. T. The structure of epidermis in the Hamamelidaceae. (In
Russian; Bot. Zhur. 45: 712-717. 1960.

.
The anatomical structure of the conducting system of leaf petioles of

,(
l '

'
'" "" 'I

'

(llli ' I in in lull . i. i ici |im< , , , „ , () ] |
• ,,|

Nauk SSSR. Trans! 133 I
,' I', (90 I

| ,„ |, ,, illation from Dokl
Akad. Nauk SSSR. 133: 1231-1234. I960.*]

Tang, Y. Systematic anatomy ol the woods of the Hamamelidaceae Bull Fan
Memorial Inst. Biol. II. 1: 8-63. tables 1-3. 1943.

| Phvlogenv; 19 genera
39 spp., 117 specimens examined.

]

Tieghem, P. van. Structure de quelques ovules et parti qu'on eu peut tirer pour
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Tippo, O. Comparalive anatomy of the Moraceae and their presumed allies
Bot. Gaz. 100: 1-99. 1938.

| Hamamelidaceae (18 genera, 30 spp.), 2 3 45-
•10: I'latanus. 52. 53; phytogeny, 66, 67.]

Tong, K. Studien uher die Familie der 1 lamamelnlaceae mit hesonderer Beruck-
hlll,Mm

- liu l "" '

! <" i>H"i. im In. >.,.., Lorylopsis Doc-
toral Diss. 72 pp lierlin 1930

| Repul,] in Ii.,11 Ibol Hep Sci. Coll. Sun
Yat-sen Univ. 2: 1-72. 1950.- For detailed review see L. A. Waitzinger,
Lingnan Sci. Jour. 12: 186-188. 1933.]

Venema, H. J. Corylopsis. (In Dutch.) Nederl. Dendr. Yer Jaarb 21- 209-
221. .? pis. 1959.

Vink W. Hamamelidaceae. In: C. G. G. J. van Steenis, Fl. Males. I. 5:
565 5/9. 10.i7.

|

Account o] -enera and spp. in snuihwe.l Pacific area ]Walker EH. A revision of Dislytiinn and .Syn.psn ( I lamamelidaceae). jour.
Arnold Arb. 25: 319-341. 1944. | Central America and Asia I

General characters: shrubs or trees with simple, alternate, deciduous leaves-
flowers clustered, various, -a regular, subhypo^vuous to suhepn'yuous unisexual
or bisexual; perianth >. reduced; ovary 2-carpellate. l 2-loeular with ± axile
placcntation; ovules pendent with micropvle upward; fruits with bony endocarp

I I' "I ,/,//, >ld 2 \, , ,1, d I Ol \t plKld III '
, i ,„ \ ,i |

A. Leaves pinnately veined; (lowers usually bisexual; ovules 1 per Iocule; fruits
loculic idal, otten appearing 4 -waived, seeds not winged; usually shrubs
15 I il<»n mi.s IX ,iiar> capitate 1-5-flowered petals yellow to red-

B InZrTscei!

frUltS matUrIng in the fal1 ' L H^namelis.

summer, the inflorescence soon deciduous '

n1
''

^^W/,!^///!/
A. Leases palmately veined and lolled; flowers mostlv unisexual, in separate
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1. Hamamelis Linnaeus, Sp. PI. 1: 124. 1753; Gen. PL ed. 5. 59. 1754.

Shrubs (or trees) ; leaves pinnately veined, ± unequal at the base. In-

florescences ± axillary, ± capitate, pedunculate, with a few bracteoles,

usually of 3 (1-5) flowers. Flowers bisexual (or functionally unisexual,

the plants then polygamous). Calyx deeply 4 (5) -parted. Petals 4 (5),

ligulate, with circinate vernation, yellow to dark red. Fertile stamens 4,

alternipetalous, included; anthers introrse, 2-locular at anthesis, dehiscing

by 2 valves hinged adaxially at the connective; pollen 3-colpate; stami-

nodia 4, short, antipetalous. Ovary ± slightly recessed in the receptacle,

2-locular below, deeply 2-parted above into 2 styles; ovules pendent from

the apex of the locule, 1 (2) in each locule. Fruits maturing in the fall,

db woody, partly inferior, fused ± to the middle with the persistent tubu-

lar calyx. Seeds usually 1 per locule, oblong, lustrous, forcibly discharged

after dehiscence; hilum apical and surrounded by a pale area decurrent on

2 sides. Type species: H. virginiana L. (Ancient Greek name for a plant

with apple-like fruits; perhaps derived from hama, together, and melon,

fruit.) — Witch-hazel.

Perhaps six species of temperate eastern Asia and eastern North

America; in our area widely distributed.

Hamamelis virginiana, In = 24, distributed from Florida to Texas,

northward to Ontario and Nova Scotia, tends to flower on the autumn

side of winter, often as the leaves are falling (sometimes as late as De-

cember), has only weakly fragrant flowers with long yellow petals, and

usually grows in a woodland habitat. Fertilization of the ovules occurs

five to seven months after pollination (Shoemaker); the fruits mature

during the next blooming season. The var. macrophylla (Pursh) Nutt.

(H. macrophylla Pursh), of uncertain status (see Sargent, 1920), the

leaves smaller and with tuberculate surface, flowering from December

through February, has been reported to a height of 15 m. and nearly a

foot in diameter. The vars. angustifolia NieuwL, orbiculata NieuwL, and

parvijolia Nutt. (f. parvijolia (Nutt.) Fernald) are based on characteris-

tics of the leaves; f. rubescens Rehder has light-red petals. Resembling

H. virginiana is the little-known H. mexicana Standi., of Nuevo Leon,

Mexico, which has yellow petals and apparently blooms in July.

Of more limited distribution, Hamamelis vernalis Sarg., In = 24, is

restricted, perhaps ecologically, to the Ozark Region in an area extending

from southeastern Missouri through Arkansas to southeastern Oklahoma.

It tends to be a lower, stoloniferous, thicket-forming shrub of gravelly

margins of streams that blooms on the spring side of winter and has fra-

grant flowers with shorter petals. The fruits mature in the first summer
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4; c, flower al anthesis. I tic anthers rinsed, X 4; d. flower in vertical

section, stamen at riuhl removed to show staminodmm opposite petal, X 5; e,

tive, X 14; g, two views of staminodia. X 14; li, autumnal hramh with ripening
fruits and nodding inflorescences with ilnwer hud-. :

.

. i, Inculicidally dehiscent
fruit, seeds discharged, X 2; j, seed — note „pical characterisi m - 4. k. II.
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or autumn. The lower surface of the leaves tends to be glaucous-pubescent

and the calyx red within, but the species is variable in most respects.

Plants with pure yellow petals and plants with red petals (nearly every

bush having its own ] total hue) max .
- ". '>•

' the color patterns

are constant in cultivation (Anderson, 1933). The leaves persist into

winter, the fragrance of th< llnwei • diminished by low temperatures,

and the petals recoil on cold days (Anderson, 1934). Forma tomcntella

Rehd. (var. tomentella (Rehd.) E. J. Palmer) is especially pubescent;

f. carnea Rehd. has dark red petals.

In Missouri, the habitats of Hamamelis vernalis (flowering in Febru-

ary) and H. virginiana (flowering in November) overlap, but interspecific

crossing apparently is precluded by the disparate periods of anthesis

(Steyermark 1034) Hamamelis na!is hows a high degree of intra-

regional variability, but interregionally, Ii virginiana perhaps is as vari-

able (Anderson, 1933). The interrelationship of these species requires

further study.2

The native variability of Hamamelis not withstanding, speciation appar-

ently has affected primarily blooming season and petal length and color;

determination of strii tlj vegetative material is often difficult. Our species

usually have yelli i mtun l1 le; ves, while the species of Asia, all spring

flowering, sometimes have reddish or orange leaves in autumn. Hamamelis

X intermedia Rehd. originated in cultivation, presumably as a hybrid

between //. japonica Sieb. & Zucc, of Japan, and //. mollis Oliv., of cen-

tral China. The genus is valued in horticulture for its unusual blooming

season. Some branch lets have close, distichous nodes and appear zigzag.

1-4. 2 ph. 19.

. Variatic

253-257. 1933

5ERRY, E. W.
'

World 22: 345

:lark, a. w. s

of Fagus ante

Lab. Univ. Penn. 4: 105-143. 1919.

'lint, F. F. Megi
i

uio-i ii. i i io ,n. < ii on tot,, n i r, Hamamelis virginiana

L. Va. Jour. Sci. II. 8: 185-189. 1957. [Megaspore meiosis begun in No-

vember, completed In \pril 'olvgonum tvpe embryo ;n

" Sargent ( Imts k Shnilis 2: 137, 138. pi. 156. 1911) gives the petal color of

s, and Recori

lit, ,,, »h 1 , 7

> & Hess.

•emails Sarg. Anlold Arb. B ull. Pop. Inf. IV . 2:

ion in flower <:olor in Hanu '.v vernalis. Jour. Arnold Arb. 14:

The geological history of

5-354. 1920.

Seasonal variation in water

cricana, Hamamelis virgin

the

e

lJ
n

Querc

and witc

//, alba

h hazel. PI.

Bot,

red petals. The nomenclatural

nediate of some kind between the

at a conflict between the biologic^
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Foerste, A. F. On the relations of certain fall to spring blossoming plants. Bot.

Gaz. 17: 1-8. pis. 1, 2. 1892.

Fox, W. S., & J. H. Soper. The distribution of some trees and shrubs of the

Carolinian Zone of southern Ontario. Part II. Trans. Canad. Inst. 30: 3-32.

1953. [H. virginiana.~\

Fulling, E. H. American witch hazel— history, nomenclature and modern
utilization. Econ. Bot. 7: 359-381. 1953.* [H. virginiana; see also Card.

Jour. 4: 97-101. 1954.*]

Ganday, R. The tannin content of Hamamelis leaves. Pharm. Jour. 156: 73, 74.

Gleason, H. A. The witch hazels. Jour. N. Y. Bot. Gard. 23: 17-19. 1922.

. Hamamelis vernalis. Addisonia 8: 9, 10. pi. 261. 1923.

Graenicher, S. Some notes on the pollination of flowers. Hull. Wis. Nat. Hist.

Soc. II. 4: 12-21. 1906. \H. virginiana, 16; 44 spp. of insects identified, 75

per cent of these flies.]

Holm, T. The seedling of //<•• -a L Rhodora 33: 81-92. pis.

206, 207. 1931. [Anatomical study of root, stem, and leaves; long sclereids in

leaf chlorenchyma.]

Hooker, J. D. Hamamelis jupatiica Hot. Mag. 108: pi. 6659. 1882; Hamamelis
virginiana. Ibid. 109: pi. 6684. 1883; Hamamelis mollis. Ibid. 129: pi. 7884.

1903.

Horhammer, L., & K. (
'. Ri ksi Nc.KK. Isolierung von Spiraeosid aus den Bluten

von Hamamelis japt m itun i .nisihaften 46: 427. 1959.

Jensen, A. E. Structure of the stem bark of Hamamelis virginica L. Pharm.

Arch. 4: 121-123. pis. 1, 2. 1901.* [See also Proc. Am. Pharm. Assoc. 49:

409-413. 1901.*]

Lewis, I. F., & L. Walton. Initiation of the cone gall of witch hazel. Science

106: 419, 420. 1947.
|
Response of Hamamelis leaves to the glandular secre-

tion of an aphid Hormaphis hamamelidis.']

Meehan, T. Hamamelis virginiana. Medians' Monthly 11: 145, 146. pi. 10.

1901. [Discussion of name.]

(
Moore, G. T.] A winter-tlowmn^ shrub native to Missouri (Hamamelis

vernalis). Missouri Hot. Card. Hull. 17:30-32. pis. 8, 9. 1929.

i > a 1

1

i
in (ill nnn ^ -o -,(, /;/ 98. 1918; Hamamelis

virginiana. Ibid. 4: 43. 44. pi. 142. 1919.

Nieuwland, J. A. Midland witch hazels. Am. Midi. Nat. 3: 61-64. 1913.

Prain, D. Hamamelis vernalis. Hot. Mag. 140: pi. 8573. 1914. \H. vernalis,

description; //. virginiana, illustration.]

Putnam, B. L. Hamamelis virginiana Hot. Gaz. 21: 170. 1896. [Seeds thrown

17 feet from fruits indoors.]

Ruemele, T. Hamamelis (witch hazel). Perfum. Essent. Oil Rcc. 41: 323-325,

Sargent, C. S. Hamamelis. Silva N. Am. 5: 1-6. pis. 198, 199. 1893. \Liquid-

ambar, 7-17, pi. 199.]

—
. Notes on North American trees. VI. Jour Arnold Arb. 1: 245-254.

1920. \H. macrophylla, 245-247.]

Shoemaker, D. N. On the d< lo n nt of fiamam < m
39: 248-266. pis. 6, 7. 1905. |

Anthers with 2 microsporangia; anthers of

Fothergilla, Corylop ". in i l,iquidam bar with 4.]

Standley, P. C. Studies of American plants — VII. Publ. Field Mus. Bot. 17:

155-224. 1937, \II. mexieana. 192, 193.|
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irk, J. A. Hamamelis virginiana in Missouri. Rhodora 36:

[H. vernalis.~]

Venema, H. J. Hamamelis virginiana L. (In Dutch.) Nederl. Dendr. Ver. Jaarb.

20: 143-153. 1957. [Critical illustrations, 151, 152; see also 154-157, illust.

154a, 154b, H. mollis.)

Wyman, D. Early blooming shrubs at the arboretum. Arnold Arb. Bull. Pop.

Inf. IV. 4: 23-26. 1936. [Cultivated spp. of Hamamelis.}

Tribe FOTHERGILLEAE DC.

2. Fothergilla Murray, Linn. Syst. Veg. ed. 13. 418. 1774.

Shrubs; leaves pinnately veined, db unequal at the base. Inflorescences

erect, ± terminal, many flowered, racemose, deciduous. Flowers bisexual

or the lowest flowers $ -sterile, weakly perigynous, apetalous ; receptacle

shallowly campanulate with 5-7 stubby, calyx-like teeth. Stamens indefi-

nite (about 24), unequal, exserted; filaments expanded, ± clavate, white,

conspicuous; anthers with 4 pollen sacs, becoming 2-locular at anthesis;

dehiscence of each locule I-shaped, the locule opening by 2 flaps. Ovary

slightly recessed in the receptacle, 2-locular below, 2 -parted above into

2 styles, the stigmas introrsely decurrent; ovules solitary, pendent from

the apex of each locule. Fruit partly inferior, fused ± to the middle with

the receptacle-calyx, loculicidal (and ± septicidal), maturing in summer.

Seeds 1 per locule, oblong, lustrous, hilum apical and surrounded by a

pale area that usually is decurrent on 2 sides. Type species: F. Gardenii

Murray. (Named for John Fothergill, 1712-1780, English physician and

champion of the American colonists during the Revolution, in whose gar-

den many American plants were first cultivated in the Old World.)

Two or three species endemic to our area, distributed from Alabama

to Kentucky, North Carolina, and southeastern Virginia. Fothergilla

Gardenii (F. alnifolia L. f., F. Carolina (L.) Britt., F. parvifolia Kearney

in Small), in = 72,
3 dwarf witch-alder, is a low (usually less than 1 m.),

stoloniferous shrub of wet, sandy soils of the Coastal Plain from south-

eastern Virginia (?) and southeastern North Carolina to Alabama. Fother-

gilla major (Sims) Lodd. (F. alnifolia var. major Sims), In = 72,
3 with

leaves glaucous and pubescent beneath, is an upright shrub (to 3 m.) of

the southern Appalachians in North Carolina, Tennessee, Georgia, and

Alabama; F. monticola Ashe, 2n = 48,
3 with leaves only sparingly pubes-

cent beneath, is distributed with the latter and appears to be almost in-

Dr. J. L. Thomas from cultivated plants

or Fothergilla Gardenii (Arnold Arb. no.

684-50) is reported here for the first time. Counts of F. major (Arnold Arb. no.

694-34) and F. monticola (Arnold Arb. no. 4163A) verify the earlier reports of

Anderson & Sax. The determinations were made from pollen mother cells.
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ved to «

showing mode c

f, open fruit, seeds discharged, showing
dehiscence, X 2

; g, seed.

distinguishable from it. The interrelationships of the species are uncertain
and in need of study.

The species of Fothrratlin are handsome, spring-flowering shrubs with
distinctive upright spikes of apetalous flowers with conspicuous white
stamens; the leaves sometimes develop brilliant crimson autumnal colora-
tion. In the vegetative stage Fothvy-illa and Uamamclis sometimes are
surprisingly similar, but the characters common to both genera also are
common to the nucleus of hamamelidaceous genera; both genera have

i World taxa.
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Under family references see Aoardii, Anderson & Sax, Baillox, Berry,

Britton, and Harms; under Hamamelis see Shoemaker.

Anderson, E„ & W. H. Judd. Fothergilla major. Arnold Arb. Bull. Top. Inf.

IV. 1: 61-64. 1933.

Ashe, W. W. Notes on the woody plants of the South Atlantic States. Bot. Gaz.

24: 373-377. 1897.

. Contributions from my herbarium. Ibid. 28: 270-272. 1899. [Distri-

bution of F. monticohi.\

Flint, F. F. Megasporogenesis and megagamcln ne i in Fotliergilln Gardeni

Murr. and Fothergilla major Lodd. Trans. Am. Micr. Soc. 76: 307-311. 1957.

[Linear tetrad 1 oh n !
pi « mhryo j i<

[

Fox, H. M. Three hardy native American shrubs, thud. Chron. III. 122: 89.

1947. [F. Gardcna aggressive in cultivation.
]

Sargent. C. S. Fothergilla Gardeni. Card. Forest 8: 446. h. 62. 1895.

-im
I

;otlh> U,i ,<h toll,, \ai a. obtitsa. Bot Mag. }*: pi 1341. 1810.

[F. Gardenii] ; Fot hernia aimfolia, var. y. major. Ibid. pi. 1342. \F. major-].

Subfam. LIQUIDAMBAROIDEAF Harms in Engler & Prantl

3. Liquidambar Linnaeus, Sp. PI. 2 : 999. 1 753 ; Gen. PL ed. 5. 434. 1 754.

Trees to about 35 m. tall, usually with excurrent branching; bark often

forming corky wings on twigs. Leaves palmately veined, |3- or] 5(7)-

lobed pubescent b i tb \ h n ourn mootli landul mi u ph

antly scented when (rushed, variously colored in autumn. Hairs simple.

Inflorescences at ends ol in, u I 1m hm teate mostly unisexual, the

plants monoecious, the perianths ! absent. S

elongate. !
racemose, composed of globular ma.-oa

these not organized into distinct flowers; each stamen mass pedicelcd and

subtended by a deciduous bract or sessile; anthers on short filaments,

2-locular at anthesis, longitudinally dehi .•ui ., lb ;i pnlyporate; ovaries

d» mo - rpellale inllnn cenca man, llovvered pherieal, long peduncled,

p« id<Mil [((,i inoii ) b nil if-' I"' pbn ol each flower 1 campanulate

and j
connate with adjacent flowers, broadly notched, with 4-5

1

8-9
|

perigynous. usually ? rudimentary stamens; ovary partly inferior; stigmas

introrsely decurrent; styles spreading; ovules numerous. A- in 4 rows in

each locule, mostly aborting, only the basal 1 (2) ovules functional.

Fruits p connate, seplieidal; maturing in auliiiiin. Seeds few, 1 (2)

i ui !• ill lb ' ill. in lateral. Lectotype species: L.

Styraciflua L.; sec Aiton, Hort. Kew. 3: 334. 1789. (Name from Latin,

Uquidus, fluid, and Arabic, awluir. resin.) --Sweet gum, red gum, star-

Three arboiescent peeie ol lh< Northern llemisphcn occurrim m
Asia Minor, eastern /vara, and eastern North America and Central America.

Section Liquidambar (§ Euliquidambar Harms), is represented with us

by L, Styraciflua (including var. mcxicana Oerst. and L. macrophylla

Oerst.), In = 30, 32, a
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Florida northward to Connecticut and in the Mississippi drainage to

southern Illinois, Indiana, and Ohio, mostly at lower altitudes. It occurs

discontinuously in Mexico and southward to Honduras at higher alti-

tudes (to 2200 m.). The leaves usually are 5(7)-lobed with ± straight,

serrated margins. Forma pendula Rehd. (Arkansas) and f. rotundiloba

Rehd. (North Carolina) were based on single trees. The leaves of L.

oricntalis Mill., 2n = 32, of Turkey (?), also are 5(7)-lobed, but the mar-
gins usually are subdivided further. Leaves of L. jormosana Hance (§
Cathayambak Harms), of Taiwan and China, usually are simply 3-lobed,

and the $ flowers are separated from one another by elongate, pointed

scales which are lacking in the other species.

With its palmately veined and lobed leaves, numerous ovules, septicidal

fruits, winged seeds, and polyporate pollen, Liquidambar appears dis-

cordant in Hamamelidaceae. This remoteness has led some authors to

place it along with Altingia Noronha, a genus of southeastern Asia, usually

with pinnately veined leaves, in Altingiaceae. Although crystals and
secretory element; (including individual cells and canals) appear to be

widespread in the family, it is in Liquidambar and Altingia that vertical,

traumatic-type medullary canals are found close to the protoxylem. (See

Metcalf & Chalk, and Tippo, 45.) The familial affinities of Liquidambar
cannot be evaluated solely by comparison with Hamamclis and Fothergilla
but perhaps can be understood by comparison with other genera in Asia.

Styrax or liquid storax (not to be confused with storax from Styrax

officinale L.), a balsamic resin exudate of trunk wounds on Liquidambar,
originally obtained from L. orientalis, is pleasantly scented and has been
used in incense, perfumery, medicine, and chewing gum. Valued for its

fall color, rate of growth, and trim lines, L. Styraciflua is frequently culti-

vated for ornament. The wood has some desirable qualities and is known

Bentley, R., & H. Trimev i .iqtndambtn orientalis. Med. PI. 2: No. 107.

Bertschler, F. L. Oriental sweetgum — western rarity. Tex. Forest News
40(2): 4, 7. 1961.* [L. formosana.']

Bormann, F. H. Factors determining the role of loblolly pine and sweetgum in

early old-field succession in the Piedmont of North Carolina. Ecol. Monogr.

Britton, E. G. Elongation of the inflorescence in Liquidambar. Bull. Torrey
Bot. Club 14: 95, 96. 1887.

Brown, R. W. A Cretaceous sweet gum. Bot. Gaz. 94: 611-615. 1953. [L.

\\ yoming.]

Chesneau, G. Le Liquidambar orientalis Mill. Ann. Soc. Hort. Fr. 5: 503.

Chittenden, A. K., & W. K. Hatt. The red gum; with a discussion of the
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mechanical properties of the red gum wood. U. S. Dep. Agr. Bur. Forestry

Bull. 58: 1-56. pis. 1-6. map. 1905.

Chzhan, Ts. T. [Chang, Kin-tan.] The pollen morphology of Liquidambar

L. and Altingia Nor. (In Russian; English summary.) Bot. Zhur. 44: 1375-

1380. pis. 1-5. 1959.

Detwiler, S. B. The red gum. Am. Forestry 22: 641-644. 1916. [See Chit-

tenden & Hatt.]

Duncan, W. H. Leaf variation in Liquidambar Styraciflua L. Castanea 24:

99-111. 1959.

Ek, B. M. Liquidambar orientalis Miller. (In Russian.) Doctoral Thesis.

63 pp. pis. 1-11 + conclusion. Moscow. 1902. [The origin of liquid styrax

is a pathological phenomenon apparently caused by wounds in the bark of

trunks and branches. Contrary to general belief, the gynoecium is unilocular;

staminodia alternate with the perianth lobes in the 9 flowers.]

Fenton, R. H., & J. D. Diller. Sweetgum blight and dieback of associated

hardwoods on the Beltsville Experimental Forest in Maryland. U. S. Dep.

Agr. Forest Serv. Northeast. Exp. Sta. Res. Notes 106. 4 pp. I960.*

Flint, F. F. Development of the megagametophyte in Liquidambar Styraciflua

L. Madrono 15: 25-29. 1959. [Polygonum type embryo sac]

Fordham, A. J. Propagation of Liquidambar Styraciflua. Arnoldia 21: 66.

1961.

Garren, K. H. Possible relation of Diplodia theobromae to leader dieback of

sweetgum (Liquidambar Styraciflua) suggested by artificially induced in-

fections. PI. Disease Rep. 40: 1124-1127. 1956*

Gerry, E. American storax production: results of different methods of tapping

red gum trees. Jour. Forestry 19: 15-24. 1921.

Gibson, H. H. American forest trees— 18. Red gum, Liquidambar Styraciflua

Linn. Hardwood Rec. 20: 12-15. 1905*

Gregory, E. L. Development of corky-wings on certain trees. II. Bot. Gaz. 13:

281-287. pi. 22. 1888. [L. Styraciflua.']

Hanbury, D. Science papers, chiefly pharmacological and botanical. Edited by

J. Ince. x+543pp. London. 1876. [See references to storax.]

Hance, H. F. On Liquidambar formosana, Hance. Jour. Bot. 5: 110-114.

1867. [Repudiates this sp.]

Holm, T. Medicinal plants of North America. 12. Liquidambar Styraciflua L.

Merck's Rep. 17: 31-34. 1908.*

. Leaf-variation in Liquidambar Styraciflua L. Rhodora 32: 95-100.

pis. 200, 201. 1930.

Hosner, J. F. The. effects of complete inundation upon seedlings of six bottom-

land tree species. Ecology 39: 371-373. 1958.

Kirchheimer, F. Uber verzweigte Fruchtstande der Liquidambar Styraciflua

L. Planta 35: 106-109. 1947. [As many as 10 heads on 9 inflorescence; bibli-

ography.]

Kuprianova, L. A. Palynological data contributing to the history of Liquid-

ambar. Pollen Spores 2: 71-88. 1960. [Illustrated; bibliography.]

Makarova, Z. I. A contribution to the history of the genus Liquidambar L.

(In Russian.) Bot. Zhur. 42: 1182-1195. pis. 3-6. 1957. [Paleobotany,

phylogeny ; variation in leaf shape also apparent within a single fossil deposit

;

bibliography.]

Martin, P. S., & B. E. Harrell. The Pleistocene history of temperate biotas

in Mexico and eastern United States. Ecology 38: 468-480. 1957. [Includes

American distribution of L. Styraciflua.]
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Martindale, D. L. Silvical characteristics of sweelgum ( l.n/iiidambar Styraci-

flita L.). U. S. Dcp. Agr. Forest Scrv. Southeast. Exp. Sta. Pap. 90. 14 pp.

O'Byrne. J. W. Sweet gum ( Liqtadambar Sixran ftmi L.L Va. Forests 7(5):

3. 14. 1952.*

Oliver. D. Liqitidumbur oricntalis. Mill. Hooker's Ic. PL 11: 13, 14. pi. 1019.

ISO-/ !.s; 1: Ln/mdamin,r formosami. Hance. Ibid. 14. />/. /02C
Pizzolongo, I'. Ricerche cario-tassonomiche su aleune I lamaiuelidales. (English

summary.) Ann. Bot. Roma 26: 1-18. pis. /, 2. 1958. \L. orientalis, I.

'V/v/'.'f ,//,'?, ';. ;
' discussion, bibliography, Considers chromosome report

of Anderson & Sax incorrect.]

Potzger, J. E., & A. N. Liming. Secondary succession in stands of red maple-
sweet gum-beech forests in Ripley County, Indiana. Butler Univ. Hot. Stud.

11: 50-59. 1953.

Samorodova-Hianki, G. I>. 1 >e genera IJijiudainbar L. notulae systematicae.

(In Russian.) Not. Syst. Leningrad 18: 77-89. 1957. [In 9 flowers of L.

Slvrnc/lhiii and /.. orient, ilis the reduced stamens are found on the outside of

the receptacle cup; the latter structure is. therefore, more like a disc than a

calyx, pp. 87. 88. Bibliography.]

Scheffer, T. C. Progressive effects of Polyporus versicolor on the physical and
chemical properties of red gum sapwood. U. S. Dcp. Agr. Tech. Bull. 527:

Schrenk, H. von. Sap-rot and other diseases of the red gum. U. S. Dep. Agr.

Bur. PI. Ind. Bull. 114: 1-37. 1907.

Thomas, J. L. Liqitidambar. Arnoldia 21: 59-65. 1961.

Toole, E. R., & \Y. M. Broadfoot. Sweetmim bliidit as related to alluvial soils

of the Mississippi Piver tloodplain. Forest Sci. 5( 1 ): 2-9. map. 1959.*

& R. C. Morris. Trunk lesion of sweelgum. PI. Disease Rep. 43: 942-

945. 1959.*

Wenger, K. F. The .sprouting of sweetgum in relation to season of cutting and

carbohydrate content. PI. Physiol. 28: 35-49. 1953.

Wilson, P. Altingiaceae. \. Am. Id. 22: 189. 1905.
\
L. Styraciflua.]

PLATANACEAE Dumortier. Anal. Earn. 11, 12. 1S29. "Plataneae." nom. cons.

(Plane-tree Family)

A distinctive, monogeneric. arborescent family of uncertain affinity, easily

recognized by the characteristic mottled bark; the axillary buds inclosed

by the base of the petiole; the fragrance of the broad, palmately lobed

leaves; and the pendent, unisexual globes of numerous, minute flowers

with reduced, i cyclic, hypngynnu- perianlh. apocarpous gynoecium,

ami iiaul ct sfvrra; bristle acbenes.

1. Platanus Linnaeus, Sp. PI. 2: 999. 1753; Gen. PI. ed. 5. 433. 1754.

Large trees with pale, i smooth, mottled bark, exfoliating in irregular,

darker scales at least on the upper branches; young leaves, twigs, in-

florescences, and most floral members copiously pubescent. Hairs long,

multicellular-uniseriate, and bristly, or shorter, with whorls of unicellular

na ed "i in' appi urn- ilmost stellate. Leaves decidu-
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ous, petiolate, alternate, pleasantly fragrant, broad, palmately veined,

3- or 5[7]-lobed [or oblong, pinnately veined and entire in P. Kerrii],

the base of the petiole concealing the conical axillary bud ; stipules paired

or united, foliaceous or scarious. Plants monoecious; inflorescences at

ends of branchlets, long-pedunculate, pendent, usually unisexual, of 1 (2)

[or more] globes of numerous flowers; each globe subtended by a circular

bract and with bractlets interspersed among the flowers. Staminate in-

florescences disintegrating after anthesis; 6 calyx minute, cup shaped,

d= shallowly 3-6(8)-lobed
|

bsenl n P racemosa]; petals 3-6, glabrous,

± fleshy, 3-pronged, sometimes ± connate, fitting ± between the stamens

in P. occidentalis and P. >< acerifolia (here resembling the staminodia of

the 9 flowers) [or petals sometimes low, rounded knobs in P. racemosa]
;

stamens 3-5 (8), alternate with the petals; filaments very short; anthers

elongate, with characteristic, polygonal, truncate apex, 2-locular at an-

thesis, the dehiscence longitudinal; pollen 3-colpate; rudimentary carpels

occa o all j ent Carpellate inflorescences persisting in fruit; 9

flowers hypogynous; calyx minute, cup shaped, shallowly 4(3-6)-lobed

laposcpalou^ ip<[ resembling hints in /' oritntalis uid P. racemosa}]

apetalous (?) [or apopetalous in P. X acerifolia and P. orientalis]
;
gynoe-

cium apocarpous, of 5-9 carpels = in 2 or 3 series, the outer carpels alter-

nating with a series of 3 or 4 staminodia stigmatii region introrse and

decurrent from tin ipt" oi lln - [oiu'at- >M< < . iii^ upeiior, unilocular;

ovules usually solitary (or 2 or more and rudimentary), ± orthotropous,

2-integumented, pendent, the micropyle downward. Fruit of 5-9 achenes

eacl will i (2) >d narrow!) mgular-clavatc, + truncate [to attenu-

ate] , tapering into the narrovs Lyl< urrounded From h ba In lum>

bristle cod pindk shaped; article downward ; u>t\ ledci mi(f|i I

endosperm scant} j-ictotypi spkcies / orientalis 1 e I I's i

ton, N. Am. Trees 415. 1908. (Name Greek, probably from platys, broad,

in reference to the leaves.) — Plane tree, sycamore, buttonwood,

Perhaps eight or nine species, mostly of the North Temperate Zone,

distributed in Eun sia N'ortb \merica south to Guatemala, and Indochina.

Two or three speci** n u.ilh <>t ti].ii n mum imi ind at lower alti-

tudes, are indigenous to the United States. About five species are native

to Mexico and Centi il \mei .,. where they occur at somewhat higher

altitudes (to 6000 ft.). Fossil traces are reported as early as the Cretaceous

and as far north as Greenland.

Platanus occidentalis L.. 2n - ] usually with on ,>ne globe of flowers

on a peduncle, the largest of our deciduous trees (to ca. 45 m. tall, and

3.5 m. in diameter), is distributed from Florida to Texas and north to

Nebraska. Ontario < in r. gia a (Fern.) id f. oi

lutto Mi si tie b w<| on le ii . tuna I'^is

rl(ita: t ns ut^ijolni (Aii ) A'illd. (pro sp.), In = 42, London plane,

hardy, and widely cultivated as a street tree, in some respects combines

characters of P. orientalis. In = 42, a native of southern Europe and west-
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ern Asia, and P. occidentalis. It is said to be of hybrid origin and to have

originated in 1670 in England (Henry & Flood), although P. orientalis

may not be hardy in England (Li). The pollen of P. X acerijolia is 90%
fertile (Sax); "first generation hybrids" are mixed and variable (Henry

& Flood) ; however, no one seems to have attempted to resynthesize the

hybrid experimentally.

The taxa of Platanus mostly are circumscribed on characteristics of the

leaves and inflorescences rather than on floral structure. Contradictory

accounts of the flowers are given by several authors.4 Accountable are

both the minute, mostly rudimentary and variable perianth requiring micro-

scopical methods for effective study and the possible misdetermination of

study specimens. The calyx and corolla, consisting (when present) of

regular, alternating series, are devoid of vasculature, while the staminodia,

stamens, and gynoecia receive tracheary tissue. Unlike other floral or-

gans, the petals are glabrous; they are present in all staminate flowers,

and here they may have fragments of vascular tissue beneath them.

Staminate flowers are more consistent in structure than carpellate flowers

(Boothroyd). The flowers are occasionally unilateral, with the floral

members in imperfectly alternating series, and staminate flowers some-

times are separated with difficulty (Clarke).

Anatomically, Platanus, having vessels with simple perforations, is

more advanced than Hamamelidaceae but less specialized than Rosaceae

(Tippo). The genus probably is without close relatives. A direct rela-

tionship with Hamamelidaceae is not suggested by the floral morphology.

The discovery of Platanus Kerrii Gagnep. in Laos is interesting, since it

is the only representative of the genus in eastern Asia and the ovate-

lanceolate leaves are pinnnately veined with entire margins. Seedling

leaves of other species apparently are pinnately veined.

The wood of Platanus, sometimes known as lacewood, usually is not

durable but has been used for miscellaneous objects. The hairs sometimes

are claimed to be irritating to mu<

Under Hamamelidaceae see Agardh, Baillon, Berry, Britton, Clarke,

Morvillez, Niedenzu, Record & Hess, and Tippo.

Baird, M. M. Anatomy of Platanus occidentalis. Univ. Kan. Sci. Bull. 9: 281-

290. pis. 65-76. 1915.*

Berry, E. W. Notes on the geologic history of Platanus. PI. World 17: 1-8.

1914.

. Fossil stipules of Platanus. Jour. Wash. Acad. Sci. 22: 413-416. 1932.

Bommer, J. E. Les platanes et leur culture. 24 pp. pis. 1, 2. 1869. Reprint

from Ann. Hort. Belg. 1869.

Boothroyd, L. E. The morphology and anatomy of the inflorescence and flower

of the Platanaceae. Am. Jour. Bot. 17: 678-693. pis. 40, 41. 1930. [Bibliog-

Bretzler, E. Beitrage zur Kenntnis der Gattung Platanus. Bot. Arch. 7: 388-
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417. 1924. [Considers Platanaceae monotypic (with P. acerifolia., P. occiden-

talis, and P. orientalis only forms of one sp.), standing between Rosaceae and

Hamamelidaceae. Chromosome number of "Platanus acerifolia?" n — 10

and 11. Bibliography.]

Briscoe. C. B., & A. P. Dubarry. A simplified germination test for American

sycamore. Tree PI. Notes 35: 21. 1959.*

Brouwer, J. Onderzoekingen over de Platanaceae. Doctoral Diss, xiii + 49 pp.

85 figs. Utrecht. 1923. [Bibliography.]

. Studies in Platanaceae. Rec. Trav. Bot. Neerl. 21: 369-382. figs. 1-21.

1924. [English synopsis of above. Examined possibly hybrid plants of P.

orientalis and P. accident alls, and reports chromosome number as In = 16,

Brown, R. W. Supposed extinct maples. Science 96: 15. 1942. [Variant leaves

Brush, W. D. Distinguishing characters of North American sycamore woods.

Bot. Gaz. 64: 480-496. pis. 32-38. 1917.

. Utilization of sycamore. U. S. Dep. Agr. Bull. 884: 1-24. pis. 1-4.

1920.*

Duval, C. Introduction du platane en France. Bull. Soc. Bot. Fr. 43: 194-198.

bution of some trees and shrubs of the

Part I. Trans. Canad. Inst. 29: 65-84.

1952.

Gadeceau, E. Note sur les platanes Hull Soc. Scr. Nat Ouest Fr. 4: 105-110.

pis. 4-6. table. 1894.

Gagnepain, F. Un ger e 1 B n ees et quelques especes nouvelles

d'Indo-Chine. Bull. Soc. Bot. Fr. 86: 300-303. 1939. [P. Kerrii in Laos.]

Gibson, H. H. American forest trees ... 4. Sycamore, Platanus occidentalis

Linn. Hardwood Rec. 19: 12, 13. 1905.*

Gleason, H. A. Platanaceae. N. Am. Fl. 22: 227-229. 1908. [6 spp.]

Griggs, R. F. On the characters and relationships of the Platanaceae. Bull.

Torrey Bot. Club 36: 389-395. pi. 25. 1909.

Henry, A., & M. G. Flood. The history of the London plane, Platanus acerifolia,

with notes on the genus Platanus. Proc. Irish Acad. B. 35: 9-28. pis. 4-9.

1919. [Attempts to show that P. acerifolia possibly originated in the Oxford

Botanic Garden about 1670.]

Huppuch, C. D. The effect of site preparation on survival and growth of

sycamore cuttings. U. S. Dep. Agr. Forest Serv. Southeast. Exp. Sta. Res.

Notes 140. 2 pp. I960.* [P. occidentalis.']

Jaennicke, F. Studien iiber die Gattung Platanus L. 1892-1897. Nova Acta

Acad. Leop.-Carol. 77: 113-226. pis. 1-10. 1899.

Janko, J. Abstammung der Platanen. Bot. Jahrb. 11: 412-458. pis. 9, 10.

1890. [Distribution; bibliography of fossil spp.]

Li, H. L. The origin and history of the cultivated plane-trees. Morris Arb. Bull.

8: 3-9, 26-31. 1957. [Includes photograph of P. Kerrii.]

Mishchenko, A. S. The seven-brothers sycamore. (In Russian.) Priroda

Leningrad 1958(4): 116. 1958.* [P. orientalis in Firyuza, Turkmen SSR.]

Nelson, T. C, & D. L. Martindale. Rooting American sycamore cuttings.

Jour. Forestry 55: 532. 1957. [P. occidentalis.]

Noulet, J. B. Note sur des semis spontanes de platane d'Orient, dans les

alluvions de l'Ariege. Mem. Acad. Sci. Inscrip. Lett. Toulouse 3: 184-189.

1871.
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COMPARATIVE ANATOMY OF THE LEAF-BEARING
CACTACEAE, VHP

THE XYLEM OF PERESKIAS FROM SOUTHERN
MEXICO AND CENTRAL AMERICA

I. W. Bailey 1

As demonstrated in the second paper of this series (Bailey, 1961a),
then i. hrc< distinct < i< ori

\
t 1 ias that can be differentiated

by consistent differences in the form and distribution of sclereids in their

e< m< in
\

loem '" s£/< con itti Britt c Ro >i southern Mexico,
P. autumnalis (Eirh in i I o oi mih and /'. nicoyana Web. of

Costa Rica belong h om i ;orj • :.
I includ aculeata Mill, and

such pereskias of Peru and Bolivia as P. humboldtii Britt. & Rose, P.

^" ' '''I I 'Imi on ; ^, . / ,, I vlun.i , ,
.

. „/ lomaoana ( ard
if i oi inter* i both morphologicall} and taxonomicalb determin
whether there is cogent evidence in the various organs and parts of these

plants, other than in their - um-m, ii i= li justifies separating

them in independent geneni i - reskit ind Rhodocactus (Berg.) Knnth
In this paper evidena fron the xylem ill be described and discussed.

The pereskias oi southern Mexico, Guatemala and ( osta Rica are trees

which attain heights of eight to ten meters at maturity. They are charac-

terized by forming relatively massive trunks which at times attain diam-
eters of as much as forty centimeters. My collections of Pereskia con-
ait.t ' in nutnetou It moi mm; l I. « im !v u 1 lmlL uillx \1

and preserved for anatomic d investigation b\ Norman Joke (5 codec

tions), Duncan Clement. R. L Dres>le> ki i- id I HI. ! , M,. -.

Jr. (two collection } aiu* Sharj a id II a landez. For comparison I have
two collections of P. autumnalis made b] I >i I on . nd one of P. nicoy-

ana sent to me by Dr. Rodri le u lem of the secondary body in

stems and roots of the three pereskias is similar, exhibiting comparable
ranges oi structural ^ iriabilih in lifferenl [in ot i mature tree.

The most characteristic a; igniii >
! i diverging anatomical

specialization occurs in the basal parts of the trunks of Pereskia conzattii,

1 This investigation was financed by a grant from the National Science Foundation.
I am indebted to tin Vim u n I hit. uphn. il Sock U tot the ]o m ot t Wild mino-

, I'M' I 1,) ,
ri|, im .

i t , ick ill > • i Iheii

:al Garden by M. Si.no,

. from Karwinsky's plant
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/'. autinnnalis and /', mcoyana. In preceding papers of this series I noted

that in the larger young stems of /'. sacharosa Griseb. and P. aculeata

(Bailey, 1962). and iike\ [s< in t ho: <>i \ndean ihtc kias (Bailey, 1963),

there is a tendency toward increase in the circumference of the primary

vascular cylinder and in the diameter of the pith subsequent to the initia-

tion of cambial activity in the fascicular parts of the eustele. In steins of

these species broadening of the parenchymatous gaps in the eustele may
or may not involve concomitant broadening of the inner parts of the

first-formed, lignified, multiseriate rays of the secondary body. In dis-

secting the main stem and branches of P. conzattii, one finds that the basal

part of the trunk has a much enlarged pith (up to five centimeters or

more in diameter at times) having what appears superficially to be stellate

projections which i tend outw; rd I >i varying distances into the xylem

of the secondary body. Similar structures occur in the trunks of P. au-

tumnalis and P. tiiroyana. That such projections of soft tissue are not

parts of the primary body is shown in Figs. 1, 2, 4, 11, and 14.

When cambial activity is initiated in the broadening interfascicular

l>
ti > !i' i i i I- i ii i r . M • l'i j) iiIili <! 'I hid i i

i

a capacity for division and enlargement (note the transverse expansion of

ray cells in Fig. 11). This broadening of multiseriate rays, concomitant

with lateral expansion of the parenchymatous gaps in the eustele, facili-

tates continued increase in the diameter of the pith for more or less ex-

tended periods of time. In fully matured stems, the expanded rays may
contain patches of lignified ray cells (Figs. 1, 4, and 14). Although their

outward extensions are lignified, the rays tend at least for a time to be

conspicuously broader than the multiseriate rays of secondary xylem that

is subtended by fascicular parts of the eustele (Figs. 1, 2, 11, and 14).

It should be noted in this connection that, as in stems and roots of Peres-

kia aculeata and in roots of the Andean pereskias, the thin-walled unlig-

nified parenchyma of the secondary xylem contains characteristic druses

of calcium oxalate (Figs. 1, 2, and 4), resembling those that occur so

commonly in unlignified tissue of the pith, phloem and cortex of the

:; i bearing Cactaceae (Bailey, 1961b).

The first-forme Inn in brandies and smaller stems from

the upper part of mature ti e< • . autumnalis and P.

nicoyana tends to be of more nearly normal dicotyledonous structure. For

example, in Fig. 3, the multiseriate rays which extend radially outward

from parenchymatous gaps of the eustele are lignified throughout and are

only slightly broader than those in wedges of secondary xylem subtended

by fascicular parts of the primary body. There obviously has been some

lateral expansion of the interfascicular parts of the eustele during earlier

ontogenetic stages of development, but the tangentially enlarged paren-

chymatous cells of these parts have become lignified. By comparing sec-

tions from upper parts of a mature tree with others from successively lower

levels various stages in the ontogenetic and phylogenetic modification of

first-formed multiseriate rays may be reconstructed.

Turning to the structure of fully lignified parts of the secondary xylem,
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one finds similarities to that of Pereskia sacharosa in stems of comparable
diameter from equivalent parts of a tree. The vessels occur singly and
in small clusters and are diffusely distributed (Fig. 3), or may at times

exhibit more or less conspicuous zonation (Fig. 5). The wood parenchyma
is scanty paratracheal (Fig. 9). The libriforni fibers are slender, thick-

walled and function in the storage of starch." The lignified multiseriate

rays, except in the first-formed se i ndar xylem of the trunk, are not
excessively broad and exhibit ranges of variability in form and internal

structure comparable to those which occur in P. sacharosa. The first-

formed multiseriate rays in wedges of secondary xylem subtended by
fascicular parts of the eustele are comparatively narrow (Figs. 1,2, and
3), and are vertically extensive (Figs. 11, 14, and 15). As in P. sacharosa
and many other dicotyledonous trees (Bailey, 1962), the multiseriate

rays become dissected sooner or later into lower rays during their radial

extension outward (Fig. 13). Such derivative parts tend to become some-
what broader and tangentially displaced during increase in circumference
of the cambium (Figs. 13 and 16). The cells of the rays vary conspicuously
in size, form and orientation even in comparable parts of the stems of a
single plant. The first-formed parts of the multiseriate rays, at least in

small branches from the upper part of a tree, tend to be composed of

somewhat vertically elongated cells, i.e. of "erect" orientation. The sub-
sequently formed outward extensions of the rays, as in P. sacharosa, com-
monly are composed of more or less isodiametric cells or of varying mix-
tures of isodiametric and radially elongated or "procumbent" ones. In
some cases (Figs. 13 and IS), erect cells may occur along the sides of

the multiseriate rays, as in P. sacharosa.

The most conspicuous differences in the lignified secondary xylem of

such pereskias as Pereskia conzattii and P. autumnalis, in comparison
with that of P. sacharosa, occur in the outer tissue of large trunks of

the former species which greatly exceed the largest stems of P. sacharosa

in diameter. In this tissue the vessels are jacketed by abundant wood
parenchyma (Figs. 10 and 12). Furthermore, the vessels and parenchyma
occur in concentric patterns alternating with dense zones composed largely

of libriform fibers (Figs. 6 and 12). In addition, the multiseriate rays

tend to be composed internally of conspicuously procumbent cells (Figs.

10 and 12). Although the vessels frequently are larger (200 millimeters

or more in diameter) than in earlier formed secondary xylem (compare
Figs. 9 and 10), this is not invariably the case. In sonic smaller stems
there may be pre - i m n irg nent of vessels to equivalent size (com-
pare outer part of Fig. 5 with Fig. 6). Nor are the multiseriate rays in-

variably wider than in the xylem of all smaller stems (compare Figs. 5

and 6, 13 and 16). The width and the abundance of multiseriate rays

in the secondary xylem is highly variable as in stems of /\ sacharosa. '

My collections of roots of Pereskia conzattii and of adlied taxa from
Guatemala and Costa Rica are limited in number, but in those that I

have, the secondary xylem is of normal dicotyledonous s tructure, resem-

bling that which occurs in roots of P. sacharosa. In none o:f them are there
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indications of multiseriate rays composed of ununified cells or of the

occurrence of patches or zones of unlignihed parenchyma. The rays which

may broaden more precociously than in stems are lignificd throughout

their radial extension. The vessels, which frequently tend to be more

numerous and larger than in equivalent tissue of stems, occur singly and

in small crowded clusters (Fig. 7). The wood parenchyma is scanty para-

tracheal. but may at times exhibit a tendency to become more abundant

ylem of very large old roots.

DISCUSSION

Pcrcskia conzattii. P. autumnalis and P. uicoxana occur in a category

of leaf-bearing cacti that exhibit consistent similarities in the form and

distribution of sclereids in their secondary phloem (Bailey, 1961a). Pcrcs-

kia aadcata and the Andean pereskias likewise occur in this distinct

anatomical category. On the contrary. P. sacharosa falls into a second

category with /'. graudijolia Haw.. P. blco DC. P. corrugata Cutak and

P. tampicana Web., whereas P. colombiana Britt. tv Rose, /'. guamacho

Web.. P. atbensis Britt. & Rose and P. portulacijolia Haw. belong in a

third distinct category.

In Pcrcskia aadcata. in contrast to 7k sacharosa (Bailey, 1962), the

secondary xylem exhibits conspicuous trends of anatomical modification

in both stems and roots. Therefore, this species cannot be considered

to be one of the most, if not the most, primitive living representatives of

the t'actaceae, except possibly in ihe supposedly ••superior" position of

its syncarpous ovary. Similarly, the excessive structural modifications of

the roots of the Andean pereskias (Bailey. 19(0) negates the conclusion

that these species have retained comparatively primitive morphological

features throughout both their reproductive and vegetative organs.

Tn the case of the pereskias from southern Mexico and Central America,

although the secondary xylem in general tends to resemble that of Pcrcs-

kia sacharosa, there obviously are excessive modifications of part of the

first-formed multiseriate rays in the basal parts of the trunks of these

trees. Similar trends of excessive divergent phylogenetic specialization

do not occur in other pereskias that have been included in the putative

genus, Rhodocactus, as will be demonstrated in the next two papers of

this series, but do occur in Pcrcskiopsis aquosa (Web.) Britt. & Rose and

possibly in other species of Pcrcskiopsis and Oifiahcntia as will be shown

subsequently. Thus, there is no cogent complementary anatomical evi-

dence which justified placing /'. conzattii, P. autumnalis, and P. nicoyana

in Rhodocactus as at present constituted. It should be noted in this con-

nection that in 'preliminary investigations of immature and mature flowers

of these three species Professor Boke and 1 find no conclusive evidence

that the ovaries are much more deeply depressed in the tissue of the torus

than, for example, in the case of P. aadcata. Rather, we have found that

the ilowers of the supposedly most primitive cacti need to be reinvesti-

gated in detail by modern methods of clearing and serial .
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In the case of the Cactaceae as a whole there obviously are many trends
of parallel evolution. Relatively close similarities are not always indica-
tive of close genetic relationship. Conversely, morphological differences
in one organ or part, which frequently arc quantitative rather than quali-
tative, may not necessarily he indicative of remote relationship when evi-

dence from other organs or parts is taken into consideration. A more
rational division of the family into subfamilies', tribes, genera and species
may possibly be attained only by synthesizing and harmonizing evidence
from all organs and parts of the plants.

Anatomical evidence presented thus far indicates that Pereskia sacha-
rosa has retained a normal type of secondary xylem which may possibly
have characterized ane< trait ictacea* l'his structural form of xylem is

retained in certain parts of the stems of P. aadcata, but has been drasti-

cally modified in other parts of its stems and in its roots. It tends to per-
sist in stems of the Andean pereskias. but has been highly modified in

the roots of these plants. It has tended to persist in the roots and most
parts of the stems of pereskias from southern Mexico, Guatemala and
Costa Rica, but has been extensively modified in the basal parts of their

trunks. At present, such anatomical evidence by itself and without
strong corroborative support from other parts of the plants is of uncer-
tain reliability in determining genetic relationships.
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COMIWKATIVE ANATOMY OF TIIK LEAF-BEARING
CACTACEAE, IX

THE XYLEM OF PERESKIA GRANDIFOLTA AND
PERESKIA BLEO

Thk two spkcif.s of Pcrcskia treated in this paper. /'. gnindi folia Haw.
and P. biro DC., have been considered to he closely related, the former
occurring in Brazil and the latter in northwestern South America and
Panama. It is of interest in this connection that Dr. Rodriguez reports

(personal communication) that trees closely resembling P. biro occur in

dense forests at elevations of 1400 meters in Costa Rica. He is convinced
that these trees, now growing in the wild, do not belong to a species which
was originally introduced by man and subsequently escaped from culti-

These putative species, which may ultimately prove to be geographical
races of a single species, are woody shrubs or small trees which may
attain a height of live to seven meters at maturity. When growing in

isolation they tend to form a single main stem or trunk which may attain

a diameter of ten centimeters or more. However, as in the case of other
leaf-bearing cacti their form may be modified by close crowding in hedges
and by pruning or other mutilation by man.
The xylem of Pcrrskia vjaudpolia and /'. hit o exhibits similar ranges of

anatomical variability, which in turn closely resemble those that occur
in the xylem of /'. sacharosu Griseb. (Bailey. 1962). The vessels occur
singly and in small clusters (Figs. 1-8). Although commonly diffusely

distributed, particularly in the hrst-formed secondary xylem, the vessels

may at times be aggregated into more or less conspicuous zonal or con-
centric patterns (Figs. 1, 2, 3). However, in some cases appearances of

zonation are due solely to varying intensities of lignilication in the thick

secondary walls of the libriform fibers (Fig. 8). The libriform fibers

which may be septate or nonseptate function in the storage of starch.

The wood parenchyma is scanty paratracheal (Figs. 5-8).

The abundance and width of the multiseriate rays, as seen in transverse

sections of stems and roots (Figs. 1-4), are highly variable, those of the

roots tending to broaden more precociously and extensively than those

of the stem, as in Pcrrskia sar/iarosa. The particular structural details

(illustrated in Figs. 1 and 2) of P. gramlijol'ia and (Figs. 3 and 4) of

/'. biro do not provide reliable diagnostic criteria lor differentiating the

: This imesti.uation was financed by a -rant from (he National Science Foundation.
I am indebted to the American Philosophical Society for the loan of a Wild micro, ope
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two species, for each form of anatomical structure occurs in either species

when numerous stems and roots of each species are examined. Tn fact,

they may be more or less closely duplicated in the ranges of structural

variability of P. sacharosa.

As in certain of the larger young stems of Pereskia sacharosa (Bailey,

1962), comparable stems of P. grandijolia I Fig. 7), and P. bleo (Fig. 5),

exhibit evidences of lateral expansion of the parenchymatous, interfascicu-

lar parts of the eustele by cell enlargement during later stages in the

maturation of the primary body, thus facilitating increase in the diameter

of the pith. Owing to the broadening of the interfascicular parts of the

eustele and retardation in the initiation of cambial activity within them,

the first-formed parts of the multiseriate rays tend to be broader than

in their subsequent extensions outward. However, the first-formed parts

of the rays are lignified and their cells are in normal radial seriation, dif-

fering markedly from those in the basal parts of the trunks of P. conzattii

Britt. & Rose" P. autumnalis (Eichlam) Rose, and P. nicoyana Web.

(Bailey, 1963), where they are unlignified and then ells exhibit a con-

spicuous capacity !<» tran ci « i llamt'mi il In other words, the pereskias

,j ouN-rn 1 i iikI •
j rii 1 niHui luhili isolated ontogenetic

and phylogenetic modifications in their multiseriate rays which facilitate

greatly prolonged increase in the diameter of the pith.

In Pereskia grandijolia and P. bleo, as in P. sacharosa and in many

other dicotyledonous shrubs and trees, the first-formed multiseriate rays

in close proximity to the primary body tend to be vertically extensive.

These rays sooner or later become dissected into lower rays (Figs. 9-12)

which become laterally displaced in the outer secondary xylem during

increase in the circumference of the cambium. During the outward ex-

tension of the rays, their cells become more or less conspicuously modi-

fied in size, form, and orientation. In the first-formed part of the rays,

at least in some stems, the cells tend to be more or less vertically elon-

gated or "erect" whereas in subsequently formed parts of the rays they

become more nearly isodiametric or radially elongated, i.e. -procumbent."

At times the rays, as in Pereskia sacharosa, may have more or less numer-

ous erect cells along their sides and margins (Figs. 9 and 11). In outer

secondary xylem, the rays of roots (Figs. 10 and 12) usually are con-

spicuously broader than in comparable secondary xylem of stems (Figs.

9 and 11).

In Pereskia grandijolia and P. bleo, as in P. sacharosa, the multiseriate

rays of the stem have lignified secondary walls throughout their extension.

They commonly contain more or less abundant starch. When crystals

of calcium oxalate occur within them, they occur singly or as a few in-

dependent ones; aggregation into druses, such as occur characteristically

in the unlignified parts of the multiseriate rays of P. aculeata Mill.

(Bailey, 1962) and P. conzan'.: ( liaiVy. :;: :
. > i . m- . i -m.

The multiseriate rays in roots of Pereskia grandijolia and P. bleo, as

in the roots of P. sacharosa, commonly are lignified throughout. However,

in some cases the innermost parts of the first-formed rays of the three
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species are composed of parenchymatous cells having thin unlignified walls
(Fig. 15). In the limited number of specimens available to me, these
parts differ from the unlignified ray tissue of P. acukata and the unligni-

fied parenchyma in roots of the Andean pcreskias in being devoid of
druses of calcium oxalate. The cells contain little if any starch but are
packed with isotropic granular contents. The granules which vary con-
siderably in size and form give a red color in Millon's reagent and a posi-

tive cytochemical coloration for protein in mercuric bromophenol blue
(Fig. 16). For a description of the latter test see Mazia, Brewer and
Alfert (1953). These tests suggest that the granules may be at least

partly of proteinaceous composition.

It is of interest in this connection that Molisch (1885) found protein
bodies of highly diversified forms in the parenchymatous cells of stems
of Kpiphyllum. He considered them to be reserve substances, whereas
Chmielcwsky (1887) subsequently concluded that thev are products of
excretion. However, the latter investigator agreed with Molisch that
the protein bodies are formed in the protoplasm of living cells rather
than in vacuoles or plastids.

In living cells of Kpiphyllum the protein bodies occur in highly diversi-

fied forms of spindles, rings, ami slender filaments variously contorted and
aggregated. When sections containing living cells are' transferred to

hydrochloric, sulphuric, nitric, and acetic acids, ammonia, potassium
hydroxide, or glycerin, the protein bodies are stated to contract, expand-
ing laterally to form spheres which ultimately dissolve after more or
less prolonged treatments. All of my specimens of stems and roots of
Pereskia, Percskiop. , mil ( hrutia were preserved by collectors in

formalin-acetic-alcohol fixative. This raises the question whether the
globular bodies illustrated (in Fig. 16) were derived during fixation from
filamentous forms.

In sections of roots which contain globular bodies in the first-formed
unlignified cells of the multiseriate rays many of the vessels in the xylem
contain filamentous forms of protein bodies. They also occur in vessels
of the stems of Pereskia sin ha ,..,.< ./.;,/. />. blco, and P. tampi-
cana Web. The more slend . ,

:

, , , I ..
, made down to less than

half a micron in diameter may be diffusely distributed in the lumen of a
vessel (center of Fig. 13) or aggregated in compact masses (Fig. 13,
lower left and upper right). These filaments and their aggregations re-

semble those that occur in I . . . (Molisch, figs. 3
::!i;l In t>f>vl< ' t!ie intli idi il lil ii ic Us may attain a length of
2.4 millimeters, but are variously contorted within the confines of a single
cell. In my mat ri lividual threads commonly attain equivalent
lengths but pass 1, , ;j u [,,.,!), through the lumina of a number of con-
tiguous vessel members. Short, broad, spindle-shaped bodies of the forms
illustrated by Molisch (figs. 1 and 4) are of relatively infrequent occur-
rence in vessels, but coarse strands of varying diameter are frequently
present (Fig. 14 center). Such strands up to 10 micra in diameter may at
times extend longitudinally in the lumen of a vessel for a distance of
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more than two millimeters. Granular forms of protein bodies are of in-

frequent occurrence in the vessels of P. sacharosa, P. grandifolia, P. bleo

and P. tampicana, but may be present in parenchyma adjacent to vessels

which contain filamentous forms. Furthermore, filamentous, stellate, and

other forms of protein bodies occur in the phloem parenchyma of these

four species of Pereskia. Such occurrences as these in different parts of a

single transverse or longitudinal section make it difficult to conclude that

the globular forms are necessarily due to changes that occurred during

fixation in F.A.A. It should be noted in this connection that Chmielewsky

found that the solubility of protein bodies of Epiphyllum in 10% NaCl is

inhibited after prior fixation in alcohol.

In my extensive collections, filamentous forms of protein bodies do not

occur in the vessels of other pereskias, nor in those of Pereskiopsis and

Quiabentia.

CONCLUSIONS

Pereskia sacharosa, P. grandifolia, P. bleo, and P. tampicana form a

gnui] of species characterized by a constantly distinct] • form ol cleren

chyma in their secondary phloem (Bailey, 1961). A conclusion that this

structural similarity is not due to parallel or convergent evolutionary

changes in distantly related species is strengthened by evidence presented

in this paper. The structure of the xylem is remarkably similar in the

stem and roots of the four species, and the multiseriate rays exhibit

much less conspicuous phylogenetic trends of specialization than in other

pereskias. Furthermore, the occurrence of filamentous forms of protein

bodies in the vessels of these four species appears to be an additional

indication of relatively close genetic relationship.

Preliminary observations indicate that globular forms of proteinaceous

bodies occur at times in the parenchyma of the xylem and phloem of other

pereskias. The occurrence of protein bodies of diversified forms is of con-

siderable significance from <
;

ii l<"-j. ,il hi" licmical. and physiological, as

well as purely taxonomic points of view. For example, are protein bodies

formed by protoplasm, which persists during late stages of maturation of

vessels or do they intrude into the lumina from jacketing parenchyma?

More extensive and detaded investigations starting with living tissues will

be initiated and reported upon in a subsequent paper of this series.
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EXPLANATION OF PLATES

PLATE I

Figs. 1-4. Transverse sections of the secondare xvlem, )< 11. 1, Stem of
I'ereskia Knuulifolin \L'astrlItuios\. 2, The same, :

oot'. 5, Stem of P. aff bleo
\
Podri^ne- o-{0\. 4, The same, root.

PLATE II

Figs. 5, 6. Transverse sections of first-formed and outer secondary xvlem of
stems, X 34. 5, l-'irsl formed secondary xvlem of Pereskia bleo

|
Atkins (lard.].

6. Outer secondary xvlem of /'. aff. hlro \ Rod) ivh< -:
'

.

PLATE III

Figs. 7, 8. Trans\erse sections of lirst -formed and outer secondary xylem of
stems. X 34. 7, First-formed < ondarx ylem ol I'e> skia raitdijolit v. ,

mark]. 8, 77«' ,wmc. outer secondary xylem showing zonation due to varying
intensities of lignilioation.

PLATE IV
Figs. 9-12. Tangential longitudinal sections ol secondary xvlem X 43 9

11
' '

"
'

'

'" '"•"'
• /" M i

'

' ioo
1

I

l i.m of
P. grandifolia [Castellanos]. 12. 77/, .*//««. root.

PLATE V
Longitudinal ;

aggregations of shorter lilainenls. lower lelt and upper right. X 510. 14, The
same, showing coarser strands of "protein bodies," v 510.' 15, P. aff. saeharosa
\Cdrde,ias\. transxew section of the central part of a root treated with phloro-
glucm-HU. .showing unlignitird pan ( white i ol tirsl-tormed multiseriate ravs.
X 34. 16. P. grandifolia

|
Steyermark j, transverse section of the unligmfied

inner part of a multiseriate raw showing granular tonus ol "protein luuiies
"

X 510.
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THE RUBIACEOUS GENUS MUSSAENDA: THE SPECIES OF
INDIA AND CEYLON

Don M. A. Jayaweera

In a previous paper/ Mussaenda, a genus of the Rubiaceae including
some 190 species of the tropics of the Old World, was treated from the
morphological point of view with special emphasis on the characteristics

and range of variability of the Asiatic species. In the present paper, the
species of India and Ceylon are treated from a taxonomic standpoint, and,
in a paper to follow, the species of the Philippine Islands will be similarly

considered.

Of the fifteen species treated in this study only two are found in Ceylon,
one of them being endemic. The other species are distributed in the West-
ern Ghats and neighboring hills and in the Himalayan range in India and
Assam. Between these two areas there is a wide gap extending from West
Pakistan to Orissa and Andhra Pradesh in which the genus does not occur
at all. The species growing in the Western Ghats are of the Mussaenda
frondosa group with somewhat diffuse inflorescences. Those growing in

the Himalayan range belong to the Mussaenda roxburghii group with gen-
erally compact inflorescences. The plants of both groups bear tufted hairs

in the mouth of the corolla tubes, an essentially Indian character. Mus-
saendra glabra, with a very wide range, has its center of distribution in the

East Indies, extending to India through Malaysia, and seems to mix freely

with indigenous species as shown by the presence of M. glabra characters

observed in them.

Two new species are described in this paper: Mussaenda samana, from
Ceylon, and M. intuspilosa, from Assam and Burma. These two species

were considered by previous workers as within the limits of M. glabrata

and M. glabra respectively. Mussaenda pentasemia Fischer is reduced to

the status of a form of M. macrophylla Wall. var. macrophylla.

The characters of the stipules, hairiness within the corolla tube, and
the spininess of the seed are used for the first time in the classification

of the species. Heterostyly and its association with the hair-length in

the corolla tube are amply demonstrated in all species studied.

Since a description of the genus with a discussion of the characters used
was given in my previous paper, 1 a repetition here would be redundant.
For the sake of brevity, citation of the dates of the collections examined
is deliberately omitted and the field notes of collectors are summarized
under the distribution of each species. The geographical subdivisions and
arrangement of specimen citations are essentially as given on the labels
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and have not been changed to conform with modern political boundaries.

I am very grateful to the officers of the institutions from which material

was borrowed for my study. The institutions, indicated in the citations of

specimens by the standard abbreviations of Lanjouw and Stafleu, are those

cited by me in the first paper.

A. Calyx lobes equal, none enlarged into petaloid sepals; branchlets and leaves

densely soft white-tomentose ; leaves 4.5-7.5 cm. long; stipules 0.4-0.6 cm.

long, lanceolate, deeply bifurcate at apex into two subulate lobes; cymes

sessile, flowers large; corolla tube 2-2.5 cm. long, velvety, broad at the top,

lobes orbicular; berry obovoid, 9 mm. long, puberulous, with persistent calyx

teeth; seeds 0.7-0.72 mm. long, testa with 3-10 foveae in each areole

Calyx lobes unequal, one calyx lobe enlarged in some flowers to form a

petaloid sepal.

B. Calyx lobes persistent or subpersistent on the fruit.

C. Inflorescence glabrous, cymes almost capitate with filiform calyx lobes.

D. Leaves glabrous above, densely tomentose beneath, thick and

leathery, 9.5-23.5 cm. long; stipules 1.6 cm. long, very broad, ovate,

hairy along the midline of the outer surface m n\ .. ined cab

lobes scantily pubescent; corolla lobes small, lanceolaie; berrj

ovoid 8 mm. long, seeds 0.36-0.46 mm. long, testa with 2-5 foveae

in each areole 11. M. keenanii.

D. Leaves glabrous above and minutely puberulous beneath, 8-16.5

cm. long; stipules large, 1.3-1.8 cm. long, hairy along the midline

of the outer surface, glands numerous in a continuous band at the

base within; calyx lobes glabrous; corolla lobes ovate-lanceolate;

berry (immature) oval, 7-8 mm. long, seeds (immature) 0.43-

0.46 mm. long, testa with 4-7 foveae in each areole

10. M. corymbosa.

C. Inflorescen, r riniti softl tomentose or villous cyme; stipules tri-

angular, acuminate, hairy on the outer surface.

E. Corolla tube completely hairy within, tufted at the bas 2 I I i

cm. long, lobes oblong-lanceolate; inflorescence a somewhat capi-

tate cyme; calyx lobes lanceolate-filiform, glai rou thin with i

tuft of hairs at the base; leaves 9-28 cm. long, oblong-lanceolate;

stipules 0.75-2.3 cm. long, hairy within at the base; berry 8-13

mm. long; seeds 0.6-0.67 mm. long, testa with 4-10 fovea* in each

areole 9. M. roxburghii.

E. Corolla tube not completely hairy within, glabrous at the base,

2-2.3 cm. long, lobes ovate-lanceolate, acuminate; cymes subses-

sile, densely hairy; calyx lobes linear, hairy; leaves 3.5-ll(-18)

cm. long, ovate-oblong, densely villous on both surfaces, almost ses-

sile; stipules 0.7-0.95 cm. long, tapering from a broad base,

glabrous within, with few glands; berry 13-15 mm. long; seeds

0.9-1.16 mm. long, testa with 2-7 foveae in each areole

1. M. incana.
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obes deciduous from the fruit.

spiny.

lyx lobes very small. 0.12-0.35 cm. long, lanceola
ves 4-9.2 cm. long, glabrous on both surfaces;
•'5 cm. long, bifid at apex, appressed pubescent; coi

I'm- Cm< lobe bro nib !an <
> !„

, , , ,,„,,

OH!.',

ig, glabrous abc

rves conspicuous

e, minutely villous only on nerv
transverse nervules parallel; stipi

ie outer surface, glabrous within e:

apex %-% their length; corolla t

s orbicular-ovate; berry obovoid.

fove

.ves glabrous on both surfaces.

Corolla tube hairy within with a tufted ring of hairs at the base.
2.5-3 cm. long, hairs long in both long-six led ami shorl stvlrd
lorms, lobes lanceolate, 4.5-8 mm. long, acuminate; calyx lobes
0.45-0. 9 cm. long; berry (immature) small, 7.5-9 mm. long,
glabrous or pubescent, seeds 0.53-0.73 mm. long, testa with
3-10 foveae in each areole 12. .1/ nitusp.iosa.

I. Corolla tube hairy within as far as the bases of the anthers,
1.4-2.5 cm. long, hairs short in long-styled forms, lobes short.
lanceolate, broadly ovale or orbicular; calvx lobes short. 0.1-

long; berry ovoid-elliptic, 10-12 mm. long, glabrous;
Ion--

H. Leaves minutely or densely pubescent on one or b
j. Stipules large 1-1.4 cm. long, ovale, densob

Slab,

r on the outer surface only, bifid or bifurcate from
their length with numerous or few -lands at the base.
lobes broadly oblong-lanceolate. 0.S5-1.4 cm. by
4 cm.; leaves 8-20 cm. long, broadly elliptic, minutely

ral veins, stipules 1.2-1.35 cm. long; corolla tube
cm. long, hairy. lobes broadly ovate or orbicular,
berry broadly ellipsoid, 10-12 mm. long, sparselv
with a broad nectariferous disc, seeds reticulate.

• long,

Calyx lobes linear or lmear-hnceolalo. s

L. Leaves scantily pubescent with short 1

faces. 7.5-28 cm. long, ovale or elliptic

mphxttd.

-
om ciliale glabrous on the

tube 2.9-3 cm. long; berry 10-13 mm. long.

r. glabrescenl
; seeds 1.1 nine long, testa with 2

eae in each areole 6. M. trcutlcri.
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4.5-11 cm. long, ovate-elliptic to elliptic-lanceolate with

7 9 pair; ol I it. i d vein petit !c vcr\ diorl and hirsute

calyx lobes lanceolate, hirsute on the outer surface,

glabrous on the inner surface with a tuft of hair- at the

base of each lobe; corolla tube 2.3-3.2 cm. long, lobes

o* itr b- i e >bo • 12 nun long pinngh hn uh

seeds 1.1-1.16 mm. long, testa with 4-8 foveae in each

areole 8. M. hirsnf issi.no

J. Stipules small, 0.35-1 cm. long.

M. Seeds few (about 80) in the fruit; leaves 8-15.5 cm. long,

elliptic, scantily long haired on both surfaces with 7-9 pairs

ol i iter il \ e n tipuh ! 6, < m Ion ,
' m< ol n< ti ii

on the outei urface bifurcate from apex more than Vi

their length; cymes sessile, pubescent, calyx lobes linear-

ensiform; corolla tube 2.1-2.5 cm. long, lobes suborbicularly

ovate; bem , mm lorn ubsrlob > c mtih pube-ient

seeds few. reticulate, 0.9 mm. long, testa with 5-18 foveae

in each areole 13. M. parryorum.

M. Seeds numerous (several hundred) in the fruit.

N. Leaves loosely pubescent on both surfaces, broadly

ovate, 6-12 cm. long with 7-') pairs of lateral vein

stipules 0.45-1 cm. long, glabrous inside, bifurcate from

ape? -'
,

'_ then I -ngth iob< eurvi d nutwai 1 in-

florescence a lax cyine: corolla tube 2.5-3.2 cm. long,

lobes ovate caudately acuminate; berry obovoid, 10-12

m n long,
|

ii el> hit ute seed 0.67-0 76 mm long

test I with I
') in) <• if m eai h an ole !

] i laxa

N. Leaves densely and softly hirsute i pecialh beneath

variable in shape, 4.4-13 cm. long with 6-10 pairs of

1 L ml i in i pult mii i ' 1 k m tun m
[i ,e [i ii > on hoi I) nit, i , In niu i

I nun ap '

their length, lobes ereel c>ine dm eh hirsute; corolla

tube 2-2.7 cm. long, lobes broadly ovate, apiculate:

1„ i) neatb globo - 10 mm Ion- hghth ( ibroii

seeds 0.6-0.8 mm. long, testa with 3-10 foveae in each

areole 2. M. frondosa.

1. Mussaenda tomentosa Wight in Wall. Cat. 6265. 1832 (Type:

Wallich 6265).

Erect or straggling shrub with pubescent lentici 11 ti stems; internodes

2.3-4 cm. long, hairy. Leaves 4.5-7.5 cm. long, 2.2-4.5 cm. broad, vel-

vety-tomentose on both surfaces, more densely so beneath, ovate-elliptic

or -lanceolate, acute or obtuse, narrowed at the base, with 6-10 pairs of

lateral veins; petiole 1-1.3 cm. long, velvety. Stipules lanceolate, 4-6 mm.

long, about 2 mm. broad, hairy on both surfaces, deeply bifurcate at apex,

lobes subulate. Inflorescence cymose, terminal and with axillary cymes

from the terminal pair of leaves extending beyond the primary cyme, con-

tracted, with no petaloid sepals; bracts and bracteoles elongated, subulate,

hairy on both surfaces, caducous, bracteoles trilaciniate, lobes linear.

Flowers large, on stout, hairy pedicels shorter than the ovaries. Calyx lobes
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linear, subulate, 6-12 mm. long, 1 mm. broad, hairv on both surfaces
Corolla tube 2-2.5 cm. long, hairy on both surfaces, hairs tufted at the
mouth; corolla lobes somewhat orbicular, X mm. long and broad, apiculate,
acute, hairy on the outer surface, papillate within. Ovary 3.5 mm. long!
broadly obcomc-fusitorm, hairv. stigma lobes emerging beyond the mouth
through the tuft ot hairs (long-styled form). Kerry obovoid, about 9 mm.
long, 6 mm. in diameter, puberulous. with persistent calyx teeth; seeds
minute, reticulate, oblong, oval or triangular-ovate, 0.7-0.72 mm. long,
0.5 mm. broad, testa with 3-10 foveae in each areole.

Distribution. This species grows in the Gingee Hills of Arcot, among
rocks in the shade, and along the Western Chats at kannikatti, Tinnevelly
between 500 and 750 meters elevation.

Uhh

Yallich 6265 ( K-holotype) ; Herb. Wight 127 hi (k

vhich is the type, were available for
ination. Both collections are of the long-styled form. The presence of
long hairs tufted at the mouth of the corolla tube indicates that this species
belongs to the Mussacmla jrondosa group in which throat hairs in both
long-styled and short-styled forms are long and equal in length It is safe
to infer that helcrosuly exists in the species.

Mussacnda tomentosa may be distinguished bv its sessile cymes without
petaloid sepals, velvety tomentum on stems and leaves, deeply bifurcate
lanceolate stipules hairy on both surfaces, and obovoid fruits with per-

1759 (T\
2. Mussaenda frondosa L. Sys

Hermann).

M. fr[uctu] frondoso L. Sp. PL 1: 177. 1753.
.1/. zeyhmka. flore rubra, fructu oblong, polvsfjcrmo etc Burm Thesaurus

Zeyl. 165. pi 76. 1737.

M. formo.su L. Mantissa PI. ed. 6. 45. 1767.
M. fruticosa L. Syst. Nat. ed. 12. 168. 1767.
M. smnatrvnsrs Roth. Nov. PI. Sp. Indiae Orient. 152. 1821.
.1/. flavvscens Buch.-Ham. Trans. Linn. Soc 14- 2CH is '4
M. dovinia Buch.-Ham. ibid.

M. bclillu Buch.-Ham. ibid.

M. macrophylla sensu Kurz. Forest Id. Brit. Burma 2: 57 1877 non Wallich
M. iiifimta Wall, ex Hook. f. Id. Brit. India 3: 89. 18S0.
M. tonieuto.su Wight ex Hook. f. ibid. 88.

M. viliosa Wall, ex Hook. f. ibid. 91.

Cercopiiyllum grandiilorum Meyen, Reise urn die Erde 2: 234. 1S35.

Scandent shrub; young stems hirsute, curving gracefully over other
shrubs, older stem elabrate reddish or blackish brown lenticellate. Leaves
opposite, lamina ovate, elliptic, orbicular, lanceolate, oblong or obovate,
4.4-13 cm. long, 2-8.3 cm. broad, short-acuminate, acute, base cuneate,

ntily hirsute

ti the lower
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6-10 pairs, more prominent on the lower surface and more hairy; petiole

0.35-2.1 cm. long, densely hirsute with gray or brownish hairs. Stipules

3.5-6.5 (-9.5) mm. long, oblong-ovate, broadly triangular or oblong from

a broad base narrowing toward the apex and bifurcate 1/4-3/4 their

length, lobes straight, not curved, hairy on both surfaces, with few to

many glands in two groups at the base inside. Inflorescence terminal, of

small, contracted, dichotomously branched, densely hirsute, few-flowered

cymes; bracts and bracteoles subulate, pubescent and caducous, bracteoles

trifid. Flowers heterostylous, on stout, pubescent pedicels as long as the

ovaries. Calyx lobes deciduous, narrowly linear, 6.5-15 mm. long, 0.5-1.5

mm. broad, pubescent on the outer surface, usually glabrous within

(rarely pubescent) with one pair of glands at the base of each; petaloid

sepal creamy white, ovate or oblong-ovate, 3.7-12 cm. long, 2.2-8.9 cm.

broad, acuminate, subacute at apex, short or long attenuate or cuneate at

base, puberulous on the uppei urfa.c< l>ii ute below, 3- or 5-veined, hairs

denser on veins, "petiole" 0.9-2.5 cm. long, hirsute. Corolla tube 2-2.7

cm. long, hairy on the outer surface, hairs denser toward the broader

apex, densely hairy within as far as the bases of the anthers, lower down
scantily short hairy, as far as 1/10-1/4 of the tube from the base, hairs

ligulate, linear, 1.2-1.5 mm. long in both long-styled and short-styled

forms, tufted at the mouth, shorter below the anthers; corolla lobes

broadly ovate, 3-4.5 mm. long, 4-5 mm. broad, apiculate, hairy on the

outer surface, papillate within. Stamens with short filaments inserted

1/2 way on the tube in long-styled forms, 3/4 way up in short-styled

forms; anthers linear, dorsifixed, introrse, 4.5-5.5 mm. long, bilobed at

the sterile base, pollen grains of short-styled forms larger. Ovary 3-4 mm.
long, obconical or turbinate, hairy, 2-locular, with numerous ovules on

cushion-shaped axile placentae; style and stigma lobes 1.6-2.5 cm. and

2-5.5 mm. long respectively in long-styled forms, 1-1.5 cm. and 2.5-4 mm.
long in short-styled forms. Berry nearly globose, 1 cm. long, sparsely hir-

sute; seeds minute, reticulate, 0.6-0.8 mm. long, 0.5-0.6 mm. broad,

somewhat rounded or pyriform, albuminous, testa with 3-10 foveae in

each areole; germination epigeal.

Illustrations. Burmann, Thesaurus Zeyl. pi. 76. 1737; Lindley, Bot.

Reg. 6: pi. 517. 1820; Wight, Must. Indian Bot. 2: pi. 124. 1850; Bed-

dome, Fl. Sylv. S. India 2 (Anal. Gen.) : pi. 16, fig. 3. 1873.

Distribution. The actual geographical range of this species is in doubt.

Merrill (1910) says that "none of the Ceylon material matches any of

our Philippine specimens and our Philippine specimens apparently closely

match some Javan and Caroline Islands material distributed as M. fron-

dosa Linn, and M. glabra Vahl." Further he says that "the typical form

of the Linnaean species does not extend to the Archipelago." These ob-

servations are confirmed by an examination of collections from the Ma-
layan Archipelago and the Pacific Islands distributed as Mussaenda fron-

dosa. Valeton (1926), basing his observations on Konig's collection

from Ceylon, excludes M. frondosa from New Guinea and Java. The plant
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described as M. frondosa from the Moluccas is in his opinion M. reinward-

tiana Miq. In addition, he does not think that collections from Fiji, the

Caroline Islands, and the Samoan Islands distributed as M. jrondosa are

this species.

Stapf (1894) in assigning the collection Haviland 1355 from Kinabalu

to Mussaenda jrondosa was not quite sure of the specimens he had exam-

ined. Short-styled and long-styled flowers never occur together in an in-

florescence nor on the same plant. He seems to have examined a flower in

which the throat hairs had been eaten by an insect, shown by the presence

of its excrements. I have come across several specimens in similar condi-

tion from India, the Philippine Islands, and New Guinea.

Pitard's (1923) description of Mussaenda jrondosa from Annam and

Indo-China does not agree with typical material. He seems to be de-

scribing a glabrous-leaved form with sepals 2-2.5 mm. long and petals

oblong, 4 mm. long, 2.5 mm. broad.

Mussaenda jrondosa therefore occurs in India, extending as far as

Nepal, Assam, the Khasia Mountains, and the Andaman Islands, and

southward along the Western Ghats from Concan as far as Ceylon. Un-

lOllllllll.'b Hilli. l linil ' *, III ill iOi l l.iilll IHOI I" .n\.|.il \ '.

the Khasia Mountains, and the Andaman Islands.

India. Kodaikanal Region, Pulney Hills, Fr. Anglade (A); Yellapur-Karwar

District, Nana 5810 ik>; Herb. Wight 120/ (vyi, 1305 (c) ; Concan, Herb.

Hooker & Thomson (oh); Herb. Rottboell (c); Herb. Schum. (c) ; Herb.

Ilofman Ban*!. Walbch <c>; Calcutta, WalVich 434 (c).

Ceylon. Mid-couxt^ \\v:\ Zo\ Konig (v.) 'erademya Gardner 333 (k)
;

De Silva 38 (a), 210 (xy); layaweera 8, 12-15 (a); Dolosbage, Jayaweera 1

(a); Thomson 1845 (k); Fraser 135 (us); Rostntp 00 (c>. Low-country Wet
Zone: Hermann (n\i lectob > uppei pe •> i n cni pe lower specimen on

same sheet as lectotype); Ratnapura District I 1 0< ism m ' \< </ ill i i

a) Kotamulla, 12; Idellana. 15: Elapatha, 14; Algoda, 15; Kohilntkniya. 17:

Foot of Adam's Peak. 129; Gilimale, 122. Wet Montane Zone: Labookelle,

116; Ramboda. 117. Rangala 118, 119; Hewaheta, J20; Ginigathhena, J27;

Palugama, 130-34; Peragala. 135. Dry Montane Zone: Welimada, 141. Dry
Zone: Nalanda, 19; Pannampitiya J 10. 138, 140; Ritigala, 111; Weragantota,

123; Bibile, 124-2 f; Dambulla. J5fi; Kurunegala, J37; Kodikaragamuwa, 139;

Sigiriya, Cooley & Sixambalagastcnne (US). China. Kvvangtung University

Campus (probably cultivated), Metcalj 17245 (a).

It is difficult to determine the characters of the type from a photograph

of Hermann's original specimen but a drawing in Burmann's Thesaurus

Zeylanicus, supported by a large number of dissections from Ceylonese

material, brings out the characters very clearly.

Mussaenda jrondosa has been the subject of much discussion, and in

the absence of clearly defined characters many collections from Assam,

frondo a I lava; >eera) 4. ] < i!\ lob , >i b I < enanii

2 ^ 1/ timtlt.i 2\ md 1/ "lahrali V, o p

M glabra! a. X 25, note spininess.
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Burma, Siam, China, Malacca, the Nicobar Islands, the Moluccas, Su-

matra, Java, Borneo, Celebes, Fiji, the Philippines, and the Caroline

Islands have been erroneously referred to this species. These are correctly

referred to various others, including M. macrophylla, M. sanderiana M
erosa, M. villosa, M. laxiflora, and M. philippica.

Frere Anglade's collection from the Kodaikanal Region, Nana's collec-

tion from Karwar, Hooker and Thomson's from Concan, and Wallich's

from Calcutta agree with the typical material from Ceylon, the only

difference being the longer stipules which are hairy within at the base

only, a character of Mussaenda glabrata. Voigt's collection (c) from

Calcutta, presumably from cultivated specimens is, I think, M. glabra

with its characteristic glabrous leaves with 4-6 pairs of lateral veins,

small stipules, glabrous within with few glands, short, lanceolate calyx

lobes, glabrous petaloid sepals and lanceolate or oblong-lanceolate corolla

lobes. Both Merrill and Bremekamp, however, have annotated this as

M. frondosa.

The collection Erlanson 5614 (ny) from Travancore is of special in-

terest. The character of the leaves and stipules are typically those of

Mussaenda glabrata while the floral characters are distinctly those of

M. frondosa. It was gathered from an area where the two species overlap.

Kamphovener 528 (c) from Calcutta and Serampore has similar charac-

ters, but the corolla tube is much shorter (1.9 cm. long), the leaves elliptic

and entirely glabrous above, pubescent on veins beneath, and the stipules

glabrous within except at the base. In Calcutta and Serampore the two

species concerned do not occur in the natural state.

I do not agree with Bentham (1861) that the plant figured in Curtis'

- . Magazine {pi. 2099) as Mussaenda pubescens Ait. is M. fron-

dosa. It differs much from the material of M. frondosa examined and

figured elsewhere, in its glabrous stems, leaves and inflorescence, and its

diverging, linear, stipular teeth, which are characteristic of M. pubescens.

Mussaenda frondosa differs from other species in habit and pubescence

and is easily distinguished by its straight stipular teeth; long, deciduous

calyx lobes which are linear and more than twice the length of the ovary

(or about half the length of the corolla tube) bearing a single pair of

glands at the base of each; in the dense hairiness of the corolla tube within,

as well as on the outer surface; and in the hairs of the throat equal in

length and equally dense in both the long-styled and short-styled forms,

but tufted at the mouth.

Uses. Mussaenda frondosa is used medicinally in India and Ceylon.

Different parts of the plant are used for the treatment of different diseases.

In India the root is used for the treatment of white leprosy, the petaloid

sepals for jaundice, the flowers for asthma, intermittent fevers, and dropsy;

also, the leaves are used externally as a detergent for ulcers. In Ceylon,

on the other hand, the plant is not used internally but, the leaves and

flowers are employed externally in the form of a decoction to remove in-

flammations.
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3. Mussaenda glabrata (Hook, f.) Hutch, ex Gamble, Fl. Madras 2:

610. 1921 (Type: Herb. Wight 1269). Fig. 1, n, s, t.

M. jrondosa var. glabrata Hook. f. Fl. Brit. India 3: 90. 1880.

Climbing shrubs; stems nearly glabrous except at nodes or scantily

pubescent, lenticellate. Leaves opposite, lamina narrowly or broadly ellip-

tic, 5.5-10.5 cm. long, 3.3-6 cm. broad, glabrous or subglabrous on the

upper surface, sparingly hairy and villous on conspicuous nerves beneath,

short acuminate, somewhat cuneate at base, primary lateral veins 6-8

pairs, transverse nervules parallel; petiole 0.6-2.5 cm. long, pubescent.

Stipules ovate, 5-6 mm. long, 3.5-5 mm. broad at the base, hairy on
the outer surface, glabrous on the inner surface except at the base, hairs

of medium length dispersed among numerous glands (about 22 pairs)

at the base, bifurcate from apex about 2/5-1/2 their length, lobes diverg-

ing. Inflorescence a terminal, rather spreading, dichotomously branched,

pubescent cyme; bracts and bracteoles lanceolate, hairy, caducous, brac-

teoles broader at base, trifid at apex. Flowers heterostylous on stout,

pubescent pedicels shorter than the ovaries. Calyx lobes 5.5-10.7 mm.
long, 0.8-1 mm. broad, linear, narrowing to a point at the apex, hairy

on the outer surface, glabrous within with one or two pairs of glands at

the base of each; petaloid sepal ovate, 3.3-9.5 cm. long, 3.3-5.3 cm. broad,

shortly acuminate, cuneate, puberulous above and below, hirsute on veins

on the lower surface, "petiole" 2-2.7 cm. long. Corolla orange, the tube

2.5-3.3 cm. long, hairy on the outer surface, more densely so towards

the broader end, rather densely hairy within as far as the bases of the

anthers, farther down the hairs shorter and scantier to 1/5-1/4 the length

of the tube from the base, hairs equal in length (1.5-2 mm. long), tufted

at the mouth in both the long-styled and short-styled forms ; corolla lobes

orbicular-ovate, 2.5-5.5 mm. long, 5-5.5 mm. broad, apiculate, hairy

on the outer surface, papillate within. Stamens with short filaments in-

serted halfway on the tube in long-styled forms and 3/4 way up in short-

styled forms; anthers linear, dorsifixed, introrse, 6.2-7 mm. long, bilobed

at the sterile base. Ovary 3.5-4 mm. long, broadly fusiform, hairy, 2-locu-

lar, ovules numerous on cushion-shaped axile placentae; style and stigma

lobes 2.7 cm. and 3.5 mm. long respectively in long-styled forms, 1.6 cm.

and 4.5 mm. long in short-styled forms [measurements taken from flowers

with corolla tubes over 3.2 cm. in length]. Berry obovoid, 1-1.2 cm. long,

glabrous, calyx lobes deciduous; seeds oblong or ovate, 0.7-0.77 mm. long,

0.56 mm. broad, testa spiny with 4-11 foveae in each areole.

Distribution. Mussaenda glabrata occurs along the Western Ghats

extending from North Kanara through Malabar, Nilghiri and Tinnevelly

hills from sea level upwards. I have not seen it in Ceylon, and it is very

doubtful whether its distribution extends that far. Two collections of

M . glabrata from the Botanic Gardens, Calcutta, presumably from plants

under cultivation as M. corymbosa and M. jrondosa were examined, one

labelled as from Ceylon and the other as from Malabar.
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India. Mysore: Karwar. North Kanara District. Bell 7807 (k); Purl 1158

(bsi); Mangalore, Hohenacker 170 (c. k). Kerala: Mount Nilghiri & Kurg.

(Herb. Hook. & Thomson) Thomson 22 (gh), 23 (gh, k)
;
Herb. Wight 1307

(gh), 7/fr/;. Wight (gh); //<t&. IF///// /JoO (k- lectotype; c. ny); //cr/;. 1 !"/.(,'///

1270 (K-syntype; ny). Cultivated: Hot. Card. Calcutta. Herb. Torrey (ny), ?

Ceylon & Halabar, 7o*# (c)

.

The collection Thomson 23 seems to be from more than a single shrub,

for both long-styled flowers (with longer calyx lobes) and short-styled

flowers are represented. Yoigt's collection has leaves which are pubcru-

lous on the upper surface and conspicuously hirsute on the veins and

parallel venules on the lower surface. The stipules and flowers are char-

acteristic of M. glabrata. The other sheet from the Calcutta Botanic Gar-

den has two mounts, the top specimen being M. roxburghii and the lower

one probably M. glabrata.

The collection Jacob 17518 (k), from Madura, is of doubtful identity;

it differs from M. glabrata in the deeply bifurcate stipules which are pubes-

cent within. lon<- pehoFd leaves, md doiibttulb pno u !

Heterostyly is clearh displayed in this species, but the throat hairs

in both the long-styled and short-styled forms are long and dense.

Mussaaida glabrata may be distinguished by its glabrous berries with

spin\ <
i < I ii n i

i cp; rath <> it from the other Indian mussaendas)

;

glabrous leaves, villous on conspicuous nerves beneath; small, hairy sti-

pules glabrous inside except at the base and bifurcate at the top; and

larger anthers.

4. Mussaenda laxa (Hook, f.) Hutch, ex Gamble. Fl. Madras 2: 610.

1921 (Type; Herb. Wight. 1836).

M. jrondosa var. laxa Hook. f. Fl. Brit. India 3: 89. 1880.

Climbing shrub; stems hirsule lenlicellate. Leaves opposite, lamina

broadly ovate, 6-12 cm. long, 3-7.2 cm. broad, abruptly short-acuminate,

cuneate or rounded a; the base, sparsely pubescent on the upper surface,

loosely pubescent on the paler lower surface, more densely so on the

veins, hairs usually long (sometimes short), loosely dispersed and not

matted together, primary lateral veins 7-9 pairs, prominent on the lower

surface, transverse nervules not prominently parallel; petiole 0.6-3.5 cm.

long, slender or stout, subglabrous or hirsute. Stipules 4.5-10 mm. long,

2.5-5 mm. broad at the base, ovate, densely hairy on the outer surface,

glabrous within except at the base where long hairs form a screen over

the few glands, bifurcate from apex for about 2/5-1/2 their length, lobes

curved outwards. Inflorescence a terminal, very lax. few-flowered di- or

trichotomous, pubescent cyme; bracts and bracteoles lanceolate, hairy,

5.5-8 mm. long, bracteoles broader at the base and trihd at the apex,

caducous. Flowers heterostylous, on short, pubescent pedicels shorter

than the ovaries. Calyx lobes deciduous, narrowly linear, 6—1 7 (—19) mm.

long, 1-1.5 mm. broad, hairy outside, glabrous or hairy inside with 1-3

pairs of glands at the base of each; petaloid sepal ovate, 7.5-10 cm. long,
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3.5-6.5 cm. broad, short-acuminate, cuneate at base, subglabrous or puberu-
lous on the upper surface, minutely pubescent or sparsely hirsute on the

lower surface, more densely so on the veins, 5-veined, "petiole" 1.3-2.5 cm.
long, pubescent. Corolla lube 2.5-3.2 cm ] >ng bail on i

> outer : rface

more lensely so t ard the broader end. hairy within, densely so in

short-styled forms and sparsely in long styled forms as far as the base
of the anthers, hairs equal in length (1.5 mm. long) in both forms and
tufted at the mouth, hairs below the anthers shorter and scantier as far as

1/5-1/4 the length of the corolla tube from the base; corolla lobes ovate,

5.5-7 mm. long, 6 mm. broad, caudate-acuminate, hairy on the outer

surface, papillate within. Stamens with short filaments inserted midway
on the tube in long-styled forms and 4/5 way up in short-styled forms;

anthers linear, dorsifixed, introrse, 6-6.8 mm. long, straight or slightly

curved, bilobed at base. Ovary 3.7-4.5 mm. long, obconical or broadly
fusiform, hairy, 2-locular, with numerous ovules on cushion-shaped axile

placentae; style and stigma lobes 2.8 cm. and 3.5 mm. long respectively

in long-styled forms, 1.65 cm. and 4.5 mm. long in short-styled forms.

Berry obovoid. 1.1-1.2 cm In w pai eh hii ul n'nutt reti: i

late, ovate, oblong or oval, 0.67-0.76 mm. long, 0.39-0.67 mm. broad with
4-9 foveae in each areole of the testa.

Distribution. This species grows along the west coast of India and
in the Western Ghats from sea level to about 1000 meters elevation. It

extends from Konkan southward as far as Travancore, and inland from
Mysore to Tinnevelly and Nilghiri hills. It has been collected in flower

from April to July, October, and November; in fruit in June, October, and
November.

India. Bombay: Malabar. Concan. etc.. Herb. Hooker & Thomson. Stocks,

Lau. etc. (c) ; Ram Ghat, Richie 242 (ki, Yrll.-rpin xYa arali. Fernandes 1642
(a); Manchikeri, Fernandes 1565 (a); Samkhand Sirsi Taluka, Garade (bsi).

Mysore Maisor & Carnatu Herb Ifooke,& r/
l() „ISt)ft ; /,„,„„„, , K , ,\ m

galor, Hohenacker 170 (k). Kerala: Anstead 30 (a); Ouilon, Herb. Wight,
1836 (K-holotype). Madr.a Nilghiri Gamble '.0541 12 ISO, 15598 (k)

; Bil-

ligirirangan Hills, Barnes 403 (A). Ind. Orient: Herb. Wight 1306 (c, gh in

however, differs

from the type in its narrow elliptic leaves, attenuate at the base and with
long petioles, while Fernandes 1642 and 1567, annotated by Razi as M.
glabrata, agree with the type material rather closely but for the smaller

leaves and more prominent veins on the lower surface. I think this ma-
terial is M. laxa. The collection Hohenacker 170 has leaves which are

more or less glabrous on the upper surface and minutely pubescent on the

veins beneath but agrees with the type in the pubescent stems, lax in-

stipular and floral characters, while Anstead 30 from
of Kerala has smalk i .nxl ies-, hain ieavr and shorter stipules.

> 403 the bifurcation of the stipules varies from 2/5 to 1/2 their
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length from the apex. In all these collections both short-styled and long-

styled forms have in the throat of the corolla tube long hairs of equal

length which are tufted at the mouth of the tube; the hairs in the long-

styled forms are less dense.

The chief distinguishing characters for Mussanida laxa are, therefore,

the loosely pubescent stems and leaves; lax inflorescences; stipules bifur-

cate about 1/2 their length, lobes curving back and glabrous inside, fewer

glands and long basal hairs forming a screen over them; broadly ovate,

caudate-acuminate corolla lobes; longer anthers and sparsely obovoid,

liii iil< h lit:

damacrophylla Wall, in Roxb. 1d. Indica e d. Carey & Wall.

1824 (Type: Wallich 6255). Fig. 1, k; Fig. 3, j-1.

M. hispida D. Don. Prodr. Id. Nepal. 139. 1825, non Engl.

M. calycina Wall. Cat. 6253. 1830 ( nomen nudum >.

M. frondosa sensu Wall. Cat. 6250A. 1830, non L.

A large, subscandent shrub with stout branches densely pubescent with

grayish hairs remaining gray or becoming rufous brown when dry. Leaves

elliptic, broadly ovate, or elliptic lameolatc, 8 20 cm. long, 3.8-10.5 cm.

broad, subglabrous or pubescent on the upper surface, entirely hirsute or

hairy on veins and venules only on the lower surface, short acuminate,

cuneate at the base with 9-1 1 pairs of primary lateral veins arcuate and

conspicuous on the lower surface; petioles 0.8-4 cm. long, densely hirsute.

Stipules large, ovate, 1.2-1.35 cm. long, 6-9.5 mm. broad at the base,

bifurcate from the apex 1
/0-2/5 their length, lobes diverging, densely hairy

outside, glabrous or hairy inside with few or numerous glands in two

bundles at the base. Inflorescence a terminal, compact or spreading, tri-

chotomously branched, pubescent, corymbose cyme; bracts and bracteoles

large, very hairy, Ian olal cuminal bi cteoli I ually in opposite

pairs, deeply divided into 2 or 3 lanceolate, acuminate lobes. Flowers

large, heterostylous, nearly sessile or on very short, stout, pubescent pedi-

cels. Calyx lobes nan r broadly obi >ng 1 nc< «la • 8 5-14 mm. long,

1.2-4 mm. broad umi nargin smooth or irregular, hairy on the

outer surface, scantily pubescent oi glabrous within with 1-3 pairs of

glands at the base of each sepa I epal white with faintly green

veins, ovate or broadly lanceolate, 6-9 cm. long, 2.5-6.7 cm. broad, gla-

brous on both surfaces except on veins below, or puberulous on the upper

surface and hirsute below, "petiole" 1.7-2.5 cm. long, hirsute. Corolla

tube greenish, 2.4-3.2 cm. long, hairy on the outer surface, hairs spread-

ing horizontally or directed forward especially toward the broader end,

tube hairy within at the throat as far as the bases of the anthers, and

tufted at the mouth, hairs long in both long-styled and short-styled forms

but less dense in the former, hairs shorter and scantier below the anthers

extending as far as to about 1/12 to 1/4 the length of the corolla tube

from the glabrous base; corolla lobes yellow, broadly ovate or orbicular,

4-5 mm. long, 4-6.5 mm. broad, acute, apiculate or caudate, pubescent
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on the outer surface, papillate within. Stamens with short filaments, cpi-

petalous about 1/2 way up the tube in long-styled forms and 3/5-3/4
way up in short-styled forms; anthers [in ; - do d, introrse, 5-5.7

mm. long, bilobed at the base. Ovary 3.5-4.5 mm. long, broadly fusiform,

hairy, 2-locular, with numerous ovules on cushion-shaped axile placentae;

style and stigma lobes 1.65-2.3 cm. and 2.5-3.5 mm. long respectively in

long-styled forms, 0.9-1.4 cm. and 3.5-4 mm. long in short-styled forms.

Berry dark purple, oblong-ovoid, 1-1.2 cm. long, sparsely hirsute, with
very board nectariferous s< an ,

i alyx lobes deciduous; seeds minute, reticu-

late, oblong-ovoid, 0.9-1.03 mm. long, 0.73 mm. broad, embedded in a

soft, fleshy pulp, hilum conspicuous, testa with 2-6 foveae in each areole.

Distribution. This species grows in the tropical Himalayan range

of hills at an elevation of 300 to 1500 meters above sea level, extending

from Nepal through Sikkim, Khasia, Assam, and Burma to Yunnan in

China. Collections from the Andaman and Nicobar Islands were not avail-

able for examination. Collections from the Philippine Islands differ suffi-

ciently from the typical to be treated as a variety. In connection with the

distribution of the species Merrill (1908) says, "The exact identity of the

Philippine forms referred to this species is doubtful."' It has been col-

lected in flower from May to August, and in October; in fruit in June,

November, December, and January.

India. Nepal: Wallich (c, ch). Wallich Cat. 6255 ( K-holotype; gh, ny-
isotypes). Sikkim: Herb. Kuntze 7083 (ny) ; Darjeeling, Coivan (us). Khasia:
Hooker & Thomson (gh, k). Assam: Lushai Mills, Parry 274 ( k ) ;

Jotsoma.
Naga Hills, Bor 6360 (k)

;
Kilomi. Bor 5054 (k>; Cnchar Mills, Hajlong, Craib,

1909 (k); Kala Naga. Watt 6926 ( K >; Jotsoma, Pram. 1886 (a); Pynursla,

Biswas 4038 (a); Margarita, Pram's collector (A); Manipur, Watt 5050 (k)
;

Tirap River Valley. Juan 179 (k, us); Belcher 145 (us); Namchik River
Valley, Belcher & Juan 73 (k, us); 19 miles from Ledo, Juan 158 (a). Burma.
Myitkyina, White 2 (us). China. Yunnan: Szemao, Henry 12265 (a); Ban-
chiou-chiam, Cheli-Hsiem Wang 79595 (a); Fo-Hai, Wang 74675 (a); Mienning,
Gewanshuei, Yu 17681 (a).

The type specimen described by Wallich obviously refers to Wall. Cat.

6255, although Hooker (1880) erroneously cited the number 6295 which
refers to Hopea wightiana. Wallich's and Lindley's figures referred to by
them (PL As. Rar. 2: pi. 180. 1832, and Bot. Reg. 32: pi. 24. 1846 re-

spectively), are of Alussmiu ,, , <uth > ,\ species which had been con-

fused with M. macrophylla but was distinguished and described by Stapf

in 1909.

Mussaenda man bhylla ha i wide range of variation in the characters

of the leaves, pubescence, inflorescences, and flowers; its stipule character,

The collections from Assam, White 2. Juan 158, Belcher 145, Juan 179,

Belcher & Juan 7 referred t< earlier as Mussaenda Jrondosa, show the

greatest amount of variation. In these the leaves are lance-elliptic, some-

what glabrous, the stipules are glabrous within, and the inflorescences com-
pact {Belcher & Juan 73) or diffuse (/•',-

'

' ' h„ui 158, 179). The
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sepals are linear-lanceolate with ovate-caudate petals {Belcher 73) or

broader and with ovate, acute, or apiculate petals (White 2, Belcher 145).

The corolla tube in Belcher 145 is hairy within to the base, indicating an

affinity with M. hirsutissima and -1/. roxbitr^hii. The Chinese collections

agree well with those from India.

Heterostyly is demonstrated clearly in Mussacnda macrophylla with

both long-styled and short-styled forms. As in M. jrondosa, the throat

hairs are long and tufted at the mouth in both forms. The affinities of the

species are with /I/, frcutlcri from which it may be distinguished by the

oblong-lanceolate calyx lobes, ovate stipules, bifurcate at apex and with

diverging lobes, the hairs of the outer surface of the corolla tube some-

what horizontal and not appressed. the ellipsoid, rugose berry, and smaller

seeds with fewer foveae in the areoles of the testa.

Mussaenda macrophylla is distinguished from other species of the genus

by the hairiness of its stems, leaves, inflorescences, and flowers, by its

larger stipules densely hairy on both sin tares, its broadly lanceolate sepals

and its large, pubescent berries with broad nectariferous scars, as well

as by its larger seeds with fewer foveae in the areoles of the testa.

Mussaenda macrophylla Wall, forma grandisepala, stat. et nom.

M. pentosemia Fischer, Kew Bull. 1928: 2 75. 1928.

Spreading, shrub 2-3 m. tall, slems terete, pilose, branches densely vil-

lous. Leaves opposite, subequal, elliptic or ovate, 7-12 cm. long, 2.5 o

cm. broad, acute 1 m u u nin it< i imeate nul i ion oi less decurrent at the

base, scantily pilose on the upper surface, appressed pilose on veins below

with 7-9 pairs of lateral veins; petiole 0.5-1 cm. long, densely villous.

Stipules broadly ovate, 5-10 mm. long, about 5 mm. broad, hairy on both

surfaces and bifurcate at apex. Inflorescence a terminal, few-flowered,

pubescent cyme; bracts and bracteoles lanceolate, densely hairy on both

surfaces; bracteoles broader, trilobed. the midlobe linear, subulate, much

longer than the lateral lanceolate lobes. Mowers (long-styled forms)

subsessile on stout, hairy pedicels much shorter than the ovaries. Calyx

lobes all petaloid, petiolate, elliptic-lanceolate or elliptic-oblong, 2-7 cm.

long, 0.5-4 cm. broad, acuminate, attenuate at the base, scantily pubes-

cent on the upper surface, setose on veins below, -petioles" 0-2.5 cm.

long, setose. Corolla brownish yellow, the tube 2 cm. long, cylindrical,

slightly broader at the top, hairy on the outer surface at' the mouth and

throat as far as the bases of the anthers, then the hairs becoming shorter

and scantier, extending as far as 1/4 the length of the tube from the

base; lobes orbicular-ovate. 3.5 mm. long, 4.5 mm. broad, apiculate, hairy

on the outer surface, papillate within. Stamens with short filaments at-

tached about halfway up on the tube; anthers linear, dorsifixed, introrse,

5.2 mm. long bilobed at the base. Ovary ml undilmliiorm, I 5 mm loin:,

densely villous; style filiform, stigma bilobed. Berry not seen.
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Distribution. This form of the species was collected in flower at
Nhatial in the Lushai Hills, Assam, at an elevation of 925 meters, in July
1927, by Mrs. N. E. Parry. It has not been collected since.

The collection Parry 275 (k) which is the type specimen of Mussaenda
pentosemia was available for examination. There seems to be no differ-

ence in characters between this and the typical M, macrophylla except
in the petaloid development of all five calyx lobes. The specimen Parry
274 (k) agrees with typical M. macrophylla rather closely in the form
of the leaf and stipules and in the structure and pubescence of the corolla.

Both collections were made in the Lushai Hills in Assam, and I have no
doubt that this form is a variant of the species. This variation is com-
parable to M. philippica var. aurorac from the Philippine Islands and
M. whitei S. Moore (Brass 11682 [a]) from Dutch New Guinea. In the
latter collection two specimens are mounted on the same sheet. Both
specimens, probably from the same plant, are long-styled forms, the one
at the top bearing large, petaloid calyx lobes.

6. Mussaenda treutleri Stapf, Bot. Mag. 135; pi. S254. 1909 (Type-
Wallich 6250E). Fig. 1, 1, r.

M. jrondosa var. grandifolia Hook. f. Fl. Brit. India 3: 90. 1880.
M. macrophylla sensu Kurz. Forest Fl. Burma 2: 57. 1877, non Wall, in Roxb.

Fl. Indica ed. Carey & Wall. 2: 228. 1824.

Shrub 2-3 m. in height, sometimes scandent in its native habitat. Leaves
ovate or elliptic-ovate, 7.5-23 cm. long, 3-14 cm. broad, short acuminate,
cuneate, scantily pubescent on both surfaces, hirsute on the 8-10 pairs of

veins beneath; petioles 0.8-5 cm. long, stout, hairy. Stipules broadly
ovate or triangular-ovate, 1.1-1.4 cm. long, 5.5-10 mm. broad at the base,

bifurcate from the apex for about 1/3 their length, densely hairy on the
outer surface, less hairy within with numerous glands in two ascending
groups. Inflorescence a terminal, trichotomously branching, compact,
many-flowered, pubescent, com mbosi cyme; bracts and bracteoles lanceo-
late, 5-10 mm. long, hairy, bracteoles trilaciniate, broader at the base.

Flowers heterostylous, on stout, pubescent pedicels much shorter than
the ovaries. Calyx lobes linear or subulate, 4.5-12 mm. long, 0.7-1 mm.
broad at the base t;

|

ring oward the apex, hairy on the outer surface
especially along the midrib and the margins, glabrous within with two
pairs of glands at the base of each; petaloid sepal ovate or oblong-ovate,
4.7-14.5 cm. long, 2.5-10 cm. broad, short acuminate, short cuneate at

base, glabrous on both surfaces except on veins below or scantily hairy
on the upper surface and hirsute below, hairs denser on veins, "petiole"
2.5-2.8 cm. long, scantily pubescent or hirsute. Corolla tube 2.9-3 cm.
long, appressed pubescent on the outer surface, hairy within at the throat

as far as the bases of the anthers, and tufted at the mouth, hairs long in

both the long-styled and short-styled forms, less dense in the former,

below the anthers the hairs shorter and scantier extending about 1/4 the
length of the corolla tube from the glabrous base; corolla lobes 5.2-6 mm.
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long, 4 mm. broad, ovate, caudate-apiculate, hairy on the outer surface,

papillate within. Stamens with short epipetalous filaments, inserted 1/2

way on the tube in long-styled forms and 3/4 way up in short-styled forms;

anthers 4-5.5 mm. long, linear, dorsifixed, introrse, faintly bifid at the

base. Ovary broadly fusiform, 2.5-4 mm. long, hairy, 2-locular, with

numerous ovules on cushion-shaped axile placentae; style and stigma

lobes 2.7 cm. and 4 mm. long respectively in long-styled forms, 1.4 cm.

and 4.5 mm. long in short-styled forms. Berry globose, 1-1.3 cm. long

and as broad, glabrescent, with calyx lobes deciduous; seeds minute,

reticulate, broadly ovate or pyriform, 1.1 mm. long, 0.8 mm. broad with

•i conspicuously protruding hilum, testa with 2-10 foveae in each areole.

Illustrations. Wallich, PI. As. Rar. 2: pi. 180. 1831; Lindley, Bot.

Reg. 32: pi. 24. 1846; Paxton, Mag. Bot. 12: 197. pi. C. 1846; Stapf,

Bot. Mag. US: pi. 8254. 1909.

Distribution. This species grows in the tropical Himalayan range of

hills in India, Sikkim, Bhutan, and Khasia, at elevations between 650

and 2200 meters above sea level. It was first collected by Wallich in the

mountains of Nepal and later by Hooker in Khasia and Sikkim. It is

said to flower during the rainy season and fruit in the winter months. It

has been collected in flower in June and July and in fruit in December.

India. Kumaun: Almora Div., Biskam 2298 (ny). Nepal: Wallich [6250

E], 1821 (K-lectotvpe). Herb. Meisner. Basil. 1853 (ny). Bhutan: Trongsa to

Tsanka, Gould 629 (k). Khasia: Hooker & Thomson 20 (k). Stkkim: /. D.

Hooker 20 (gh, k. ny); Treutler 6500 ( K-syntype ) ; Darjeeling, Gamble 3758A

(K), 9565 (k).

The type specimens of this species come from the original collection

of Wallich from Nepal in 1821 and Treutler's collection from Sikkim

Himalaya in 1874. Wallich 0250E is selected as the lectotype. The species

was introduced into cultivation by Knight and Perry about 1840 as a

form of Mussaenda jrondosa from Nepal and was confused with M. macro-

phylla and figured as such by Wallich, Lindley, and Paxton until Sir

Joseph Hooker pointed out that it was distinct and treated it in his Flora

of British India as M. jrondosa var. grandifolia. Stapf elevated the variety

to the rank of species.

All figures match well with the species. Wallich figured a short-styled

form and showed the characters of the stipules and sepals clearly, while

Paxton and Stapf figured long-styled forms. Heterostyly is obvious in

this species. Throat hairs are long and tufted in the mouth in both types

of flowers but less d< i in th I- tig ;tyled forms Mussaenda treutleri is

distinguished from M. macrophylla by the large, ovate or elliptic-ovate,

scantily pubescent leaves, euneate from a broad base; the broader, tri-

angular-ovate stipules; the linear or subulate sepals, hairy along the mid-

rib on the outer sui i >se ciliate at the margin, glabrous within

'.villi two |>
1

. H dnnd ai il ' base of each; the corolla tube appressed-

pubescent on the outer surface, lobes caudate-apiculate (recognized in the

unopened flower by recurved tips at the top); and the glabrescent fruits
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and larger seeds. Mussaenda treutleri is distinguished from other species

by its large leaves and stipules; its linear, setose-ciliate sepals; its ovate,

caudate-apiculate petals; and its globular, glabrous berries and larger

seeds with 2-10 foveae in each areole of the testa.

M. pubescens sensu Buch.-Ham. in Wall. Cat. 6257. 1832, non Ait.

Small, erect shrub less than 1 m. tall; stems simple, terete, pubescent,

not commonly -branched except at the top before flowering, internodes

6-11 cm. long. Leaves ovate-oblong, 3.5-11 (-18) cm. long, 1.7-6(—10)
cm. broad, tapering, acute or acuminate, the base acute or rounded, in-

equilateral; hairy above, villous and white beneath with 6-14 pairs of

arcuate, parallel, lateral veins, prominent on the lower surface; petiole

stout, 2-5 mm. long, densely hairy. Stipules triangular, tapering from a

broad base, 7-9.5 mm. long, 4.5-6 mm. broad, erect, bifurcate from apex

for about 1/3-1/2 their length, hairy on the outer surface, within glabrous

with a few glands in two groups at the base, 6-19 glands to each group.

Inflorescence a terminal, small, subsessile, few-flowered di- or trichotomous

cyme, the terminal pair of leaves also producing axillary, long-stemmed

cymes extending beyond the primary one, exceedingly hairy; bracts and

bracteoles linear, subulate and hairy. Flowers heterostylous, subsessile or

on very short, stout, hairy pedicels. Calyx lobes 4-5.5 mm. long, 0.8-1

mm. broad at the base, filiform, hairy outside, glabrous inside with a pair

of glands at the base of each; petaloid sepal milky white, 5-7 cm. long,

2.8-3.6 cm. broad, ovate or broadly oblong, acute, cuneate at base, gla-

brous or hairy on the upper surface, pubescent below, 5- or 7-veined,

"petiole" 2.5 cm. long, densely hairy. Corolla tube 2-2.3 cm. long, hairy

on the outer surface, hairs scanty within, long, slightly shorter (1-1.2

mm. long) in long-styled flowers but tufted at the mouth in both forms;

below the anthers hairs shorter, scantier, extending as far as 1/12-1/4

the length of the tube from the base; corolla lobes 4.5-5.5 mm. long,

2.5-3.2 mm. broad, ovate-lanceolate, acuminate, sometimes almost cau-

date, hairy on the outer surface, papillate within. Stamens with short

filaments, epipetalous 1/2 way on the tube in long-styled forms and 3/4

way up in short-styled forms; anthers linear, dorsifixed, introrse, 3.7-4.3

mm. long, bilobed at base. Ovary broadly cup-shaped, 3-3.2 mm. long,

hairy, 2-locular, with numerous ovules on cushion-shaped axile placentae;

style and stigma lobes 2 cm. and 2.5 mm. long respectively in long-styled

forms, 1.1-1.3 cm. and 2 mm. long in short-styled forms. Berry globose,

1.3-1.5 cm. long, hairy at first, later glabrous, nectariferous disc small

with subpersistent calyx segments; seeds brown, numerous, minute, ovate,

reticulate, 0.9-1.16 mm. long, 0.83 mm. broad, testa with 2-7 foveae in

each areole.



250 JOURNAL OF THE ARNOLD ARBORETUM [vol. xliv-

Distriiu -Tin rhis specie xtiii in tin iiopical I imalayan range be-

tween 600 and 1200 meters elevation, extending bom Nepal (where the

type was collected), through Sikkim, the Khasia mountains as far as Assam
to the east, and southwards to Orissa. It has been collected in flower in

July, in fruit in October.

India. Nepal: W'allich 625n < k-holotvpe b Sikkim: Darjeeling, Gamble
840A (k); Herb. Griffith 2781 IkI, Kew Distribution 1861-2. Assam: Khasia

Mts., Hooker & Thomson (c. k, nyi. Orissa: Chota Na-pore. Clarke 20344,

20455A (k); Cult. Bot. Card. Calcutta, Voigt 136 (c).

This species seems to be allied to Mussiu ulo hi, nf/ssinm in mam o

spects. The form and pubescence of the leaves and stem, the size of

the fruits and seeds are characters common to both species. It differs,

however, in the habit: the ^ubsessile mad lev- dowered inflorescence;

and the smaller stipules, flowers, calyx and corolla lobes. Heterostyly is

demonstrated in the species; the throat hairs in the long-styled forms are

slightly shorter and scantier than in the short-styled forms.

Mussaenda incami is distinguished by its short -pctioled, hairy, ovate

leaves; subsessile. feu-llouui d .'<
. I In,

:
. \me-: ti iangular-acuminate

stipules glabrous within and with few glands; small linear-subulate calyx

lobes glabrous within and with one pair of glands; short corolla tube;

small lance-ovate corolla lobes; and large fruits and seeds.

8. Mussaenda hirsutissima (Hook, f.) Hutch, ex Gamble, Fl. Madras
2: 610. 1921 (Type: Herb. Wight 1268). Fig. 1, m; Fig. 3. m-o.

.1/. jrondosa var. hirsutissima Hook. I. Fl. Brit. India 3: ()0. 1SS0.

Large climbing shrubs; stems roughly hirsute-pilose. Leaves opposite,

lamina ovate-elliptic, rarely elliptic-lanceolate, 4.5-11 cm. long, 2.5-5 cm.

broad, acuminate, cuneate or rounded at base, shaggily hirsute on both

surfaces, primary lateral veins 7 9 pairs, prominent on the lower surface;

petiole 0-5 mm. long, densely hirsute. Stipules 10-12 mm. long, 4.5-8

mm. broad at the base, bifurcate from apex 1/2-2/3 their length, lobes

spreading, hairy on the outer surface, glabrous or scantily pubescent

within, usually hairy at the base within and among the numerous glands

occurring in two groups, vascular strands about 5-7 pairs, branched. In-

florescence a terminal, close, hairy, dichotomously branched, few-flowered

cyme; bracts and bracteoles 1-1.5 cm. long, lanceolate, hairy, bracteoles

trifid at apex, broader at the base. Flowers large, heterostylous, on stout,

densely hairy pedicels shorter than the ovaries. Calyx lobes 6.5-13 mm.
long. 1-1.2 mm. broad, lanceolate, hirsute on the outer surface, glabrous or

scantily pubescent within with a tuit of hairs ami 1-3 pairs of glands at the

base of each; petaloid sepal 5.5 10 cm. long. 2.7-0 cm. broad, ovate-ellip-

tic, short acuminate, cuneate or even cordate, scantily pubescent or hirsute

on both surfaces, hairs denser on veins below, "petiole" 1.7-3 cm. long,

hirsute. Corolla tube 2.3-3.2 cm. long, hairs on the outer surface horizon-

tally spreading, longer toward the broader end. hairy within at the mouth
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and throat as far as the bases of the anthers, densely so in short-styled
forms and scantil} hai i Ion styled forms, hairs in both forms long
(1.5 mm.) and tufted at the mouth, below the anthers the hairs shorter,
linear, and scantier, extending as far as the base in long-styled forms and
to 1/4 the length of the tube from the base in short-styled forms; corolla
lobes broadly ovate, 5-12 mm. long, 4.5-8 mm. broad, acuminate, hairy
on the outer surface, papillate within. Stamens with short filaments in-

serted midway on the tube in long-styled forms and 3/4 to 4/5 way up in

short-styled forms; anthers 4.2-6.5 mm. long, linear, dorsifixed, introrse,

bilobed at the sterile base. Ovary 2.7-4.5 mm. long, turbinate, hairy,
2-locular with numerous ovules on cus u . ha] ed I ile placentae; style

and stigma lobes 2.35 cm. and 1.8 mm. long respectively in long-styled

forms, 1.1-1.5 cm. and 2.5-3.5 mm. long in short-styled forms. Berry
globose, 1.2 cm. long, and about equal in li; i :i paringly hirsute, calyx
teeth deciduous; seeds minutely reticulate, triangular-ovate or oval, 1.1-

1.16 mm. long, 0.87 mm. broad, some smaller (0.67 mm. by 0.5 mm.),
testa with 4-8 foveae in each areole.

Distribution. This species occurs along the Western Ghats in India
confining itself to higher elevations (1200 to 2400 meters), extending from
Mysore through the Nilghiri and Pulney hills to Madura, Tinnevelly, and
Travancore. It has been collected in flower in March, April, May, and
December; in fruit in January and June.

Ii^lu ConvnoR \'il Khiri hill; Bourne (k) Gambit 1 1
'><> ? (k) ; Prain (a),

1899; Clarke 10701 I (k >
- „/, n i , , , Mount ' iM.m <<v Kurg, Thomson 9

(<". i--
»

I '<>" i Kliio Y\Aw\ lill m\hnh (\> Bourne 50 (k)
Mm>i

i / oh t < (k> Ti (i Ko int i

,
,i, m shola Barnes 120

(a). Ind. Orient: Herb. Wn:ht 130*. m pari (on), 1305 ( c, gh, ny) ; Herb.
Wight 126S (K-lectotype; ny).

Heterostyly may be seen clearly in this species. In both short-styled

and long-styled forms the throat hairs are long and tufted at the mouth,
but less dense in the long-styled form. Below the anthers the hairs arc
shorter and scanti< i ixtending through the entire length of the corolla tube
in the long-styled forms as in Mussaenda roxburghii, but only 3/4 the

length in short-st\h (I mim !i< i < ,i id dm \nother character

pn Ml \\ n in 1/ , >, ,«/?,, i|| ',,,,, ,| , , , , , », t h< , ih v
lo|

within. The collet lion Hi rb. f
; ight 1306 (gh) has two specimens mounted

on it. The branch at the top is M. hirsutissima, while that below is M. laxa.

The leaves of the Anglade collection from the Pulney Hills are less hairy

than those of other collections. Barnes 120 is remarkable for its large

flowers, stipules, and long, almost lanceolate filiform calyx lobes.

Mussaenda hirs d guished by il \ pilose stems and
leaves, the latter almost essili ovate-elliptic, and more or less rounded
at the base; its larger flowers with rather horizontally placed hairs on
the outer surface of the corolla tube, its throat hairs long and tufted

within at the mouth in both forms, hairs less dense in the long-styled

forms; and its larger seeds triangular-ovate and of two different sizes.
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9. Mussaenda roxburghii Hook. f. Fl. Brit. India 3 : 87. 1880 (Type:

Wallkh 6252C). Fig. 1, a, b; Fig. 3, a-c.

M. corymbosa sensu Wall. Cat. 6250C (in part), 6252A, B (in part), C, & D
(in part). 1832, non Roxb.

M. fnwdo.sa sensu Wall. Cat. 6250E. 1832, non L.

1/ imhvscnis sensu Wall. Cat. (..'571!. 1S52. non Ait.

M. corymbosa sensu Kurz, Fore>t 11 Ihinna 2: 5S. 1877, non Roxb.

Large, erect, spreading shrub, 2-9 m. tall with stems almost glabrous

to densely hirsute. Leaves oblong-lanceolate, ovate or elliptic, 9-28 cm.

long, 3.5-9.8 cm. broad, acuminate, euneale al base, glabrous or minutely

pubescent on the upper surface, pubescent on the lower surface and hir-

sute on veins, or densely hairy throughout, with 7-14 pairs of lateral veins;

petioles 0.5-2.5 cm. long and hirsute. Stipules triangular-lanceolate,

7.5-23 mm. long, 4-9 mm. broad at the base, bifurcate from apex 1/3-1/2

their length, hairy on the outer surface, hairs concentrated on the body

with the margin glabrous, hairy within at the base and between the few

or many glands on uning in 1\\<> ^nuips. the lobes straight. Inflorescence

a terminal, pubescent, many-flowered, somewhat capitate cyme; bracts

and bracteoles small, lanceolate, hairy; bracteoles trilaciniate into short or

long, linear segments, broader at the base, blowers heterostylous on stout

pedicels as long as or shorter than the ovaries. Calyx lobes lance-filiform,

6-12 mm. long, 1 mm. broad, hairy on the outer surface, glabrous within,

usually with a tuft of hairs and 1 3 pairs of glands at the base of each;

petaloid sepal white, oblong-lanceolate, 4-11.5 cm. long, 2-5.8 cm. broad,

short-acuminate, cuneate, glabrous above, minutely pubescent and hirsute

on veins below; "petiole" 1.5-4.5 cm. long, hairy. Corolla tube green,

2.4-2.8 cm. long, narrow, silky, appressed pubescent on the outer surface,

within hairy throughout the tail ire length with a tufted ring of hairs at

the base, hairs above the bases of the anthers longer (1.5 mm. long) in

the short-styled than in the long-styled forms, tufted at the mouth, hairs

scantier and shorter below the anthers; corolla lobes yellow to orange,

oblong-lanceolate, 4 8 mm. long, 2 2.5 mm. broad, acuminate, filiform

at the apex, pubescent on the outer surface, papillate within. Stamens

with short filaments, epipetalous on the tube about 2/5-3/5 way up in

long-styled forms and 3/5 way up in short -styled forms; anthers linear,

dorsifixed, introrse, 5-5.5 mm. long, acute, bilobed at base. Ovary 2.5-

4.5 mm. long, hairy, soon glabrous, 2-locular with numerous ovules on

cushion-shaped axile placentae; style and stigma lobes 2 cm. and 2.5-3

mm. long respectively in long-styled forms, 1.25-1.35 cm. and 2.5-4 mm.

long in short-styled forms. Berry globular, about 0.8-1.3 cm. long, gla-

brous, with persistent calyx lobes: seeds minute, numerous, reticulate,

0.6-0.67 mm. long, 0.53-0.56 mm. broad, oblong, oval or triangular-

ovate, albuminous, testa with 4-10 foveae in each areole.

Distribution. This species occurs in the tropical Himalayan range of

hills up to an elevation of about 1500 meters above sea level, extending

from Nepal through Sikkim. Bhutan. Khasia, K. Bengal, and Assam to
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Arracan and Upper Tenasserim in Burma. It has been collected in flower

from April to September, and in November; in fruit in September and

October.

India. Nepal: Wallich (c ) ; Clarke 26486 (k). East Himalaya & Sikkim:

Chungthan to Singhik, Biswas 6968 (a) ; Simulbari-Tindharia, Biswas 8697

(lwg), Biswas s. n. (a); /. D. Hooker 18 (k, ghi; Herb. Kuntze 665 (ny);

Darjeeling, Gamble 1760A (k) 1761A (k) Cowan Imp For. 24466 (us);

Herb. Griffith 2780 (c, gh, k); Herb r unlzc 6643 (ny). Bhutan: Kalimpong.

Gamble 10476 (k). Khasia: Mairong. Schlaginweit 501 (gh)
;
Hooker &

Thomson 18 (c, ny) ; Mungklow. Clarke 44821B (us) ; Hooker & Thomson 19

(gh, k); Shillong Clarl 21

A

flhf.i ir«i///V/r 6252C (A-photograph

of lectotype in K ) ,////r// n M, <r) L\si i,i i Mi it tagong, ffoofcer <5-

Thomson 18, in part (k), #er£. Griffith 2780 (c, k). Assam: Cachar, Keenan,

1873 (k); Manipur 1/, ,-fi»W pJ,v; < bm ) , K da Naga Hills, Wa« 7J22 (k) ;

Upper Assam, Jenkins 496 (k)
;
Namchik River Valley, /mam 225 (us);

19 miles from Ledo, /wan 178 ( * > Barni Hat. R.ns< >6 > \ ) Kamakhya, Kamrup,

;y«; /J i,
1

vvg") haltcrji \ bsj gh") Jacoba ', <tn> \ Collector 43 {a);

Tura Mountain. Air; y '•

,

; - ; > ultivated: Calcutta Bot. Card., IFrt///c// 6250C

(in part), 6252A. 6252D ( in part ) (A-photos ipt ot ynlypi m i ;//(ci.

./Jn (a, o, rs). J^r) (a, c") : without locality, afz/.w />»/ //c//^. 11538 (c. rsi.

Pennsylvania, Longwood Gard., IFi^o# JJ52 (gh).

Hooker's description of this species is based on Wallich specimens labeled

Mussaenda corymbosa (see synonymy above), his own collections 18

and 19 from Sikkim and Khasia, Herb. Griffith 2780, and several other

collections. Of these, one sheet of Wallich 6252C (k; photograph, a),

from Silhet, is most characteristic and is chosen as the lectotype. In his

discussion he remarks that this is "not the same plant described under

that name by Roxburgh in the Flora Indica, which is stated to be native

of Ceylon and Malabar." No plant answering Hooker's description nor

that by Roxburgh has been collected from Ceylon and Malabar. Further,

it is very unlikely that the distribution of this species extended so far

without a trace of it among the collections from the Western Ghats.

Hooker distinguished two varieties: var. 1, representing the typical

M. roxburghii with nearly glabrous branches, oblong-lanceolate leaves,

and silky bracts and flowers; and var. 2, from higher elevations and pos-

sessing more or less villous branches, large, elliptic and hairy leaves, and

villous bracts and flowers. The second variety is represented by Clarke's

and Hooker's collections from Khasia and Parry's collection from Assam.

Clarke distinguished this from M. incana "as sepals persistent a species

next incana. It has spreading hairs on the stem, upper surface of leaves

glabrous. Therefore it is not incana." Another worker, with the initials

"DN," 2 added to the same specimen in Oct. 1902, "I see no difference

of importance between this and the Khasia specimens of M. Roxburghii

Hook. f. with hirsute branches." I am inclined to agree with the latter

statement as the sepal, petal, and internal characters of the flower are the

same in both varieties.

2 According to Dr. R. C. Foster, "DN" represents the initials of Lady Dorothy
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The collection Parry 276 (k) from the Lushai Hills, Assam, is of par-

ticular interest. The leaves are over 30 cm. long, the stipules broadly

ovate, 17.5 mm. long, cordate at base, glabrous within, not bifurcate at

apex, also the hairs in the corolla tube not extending to the base, char-

acters common to .1/. coivm, , I ,
.

[ characters Parry

276 resembles M. roxburghii. Another collection, Kingdon-Ward 8455
(k), also from Assam at an altitude of 1500 m., resembles M. treutleri in

all the external characters, such as the form and pubescence of leaves,

inflorescence, and the internal hairs in the corolla tube, but differs from

it in characters of the sepal and stipules, which are those ot typical J/.

roxburghii with the characteristic tuft of hairs at the base of the sepal.

Mussacnda ro.xhm [hii i distinguished from other species by its com-
pact or almost capitate cymes; pubescent and filiform calyx lobes, gla-

brous within with a tuft of hairs at the base of each; narrow, silky corolla

tube, hairy within and with a tufted ring of hairs at the base, the lobes

caudate, globose nits with persistent calyx segments; and

leaves glabrous on the upper surface.

10. Mussaenda corymbosa Roxb. Fl. Indica ed. Carey & Wall. 2:

226. 1824, non Kurz, Forest Fl. Burma 2: 58. 1877; Hook. f. Fl. Brit.

India 3: 91. 1880 (Typk: Wallkh 6252D. in part).

Fig. l,d, e, q.

Stout, rigidly erect, branching shrub with glabrous stems. Leaves oppo-

site, ovate- or oblong-lanceolate, 8 -16.5 cm. long, 3.5 -8 cm. broad, short

acuminate, cuneate at the base, glabrous on the upper surface, minutely

puberulous below, with 9-14 pairs of lateral veins conspicuous on the

lower surface and pubescent; petioles stout, 0.3-4.2 cm. long, glabrous

or pubescent. Stipules broadly oblong or triangular ovate, 13-18 mm.
long, 7-12 mm. broad at the base extending to within the petioles, hairy

along the midline on the outer surface, glabrous wit Inn with numerous
glands in a continuous band at the base, apex abruptly acuminate ter-

minating in an acute point or bifurcate at the tip only, margin entire or

somewhat undulate, vascular strands many, parallel and branched. In-

florescence a terminal, compact, many-flowered, glabrous, di- or tricho-

tomous cymose corymb; brads and bracteoles lanceolate, glabrous, brac-

teoles becoming somewhat ovate and larger lower down. Flowers hetero-

stylous on stout, glabrous pedicels shorter than the ovaries. Calyx lobes

erect, filiform, 3.5-8.5 mm. long, 0.8-1 mm. broad at the base, glabrous

on both surfaces with 2 or 3 pairs of glands at the base of each within;

petaloid sepal white, 5 6.5 cm. long, 2.5-3.7 cm. broad, ovate or oblong-

elliptic, glabrous on both surfaces except on veins below, acute at apex,

narrowed at base, 5- or 7-veined "petiole" 8 8.5 cm. long, minutely pubes-

cent. Corolla tube 2.2 -2.6 cm. long, glabrous on the outer surface, hairy

within, tufted at the mouth, hairs in the throat long and dense in both

long-styled and short-styled forms, below the anthers the hairs shorter
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and scantier up to 1/5-1/4 the length of the tube from the base; corolla

lobes deep, bright orange, greenish underneath, fleshy, ovate-lanceolate

or oblong-ovate, 3.5-4 mm. long, 1.7-2.4 mm. broad, minutely pubescent

along the midline of the outer surface, papillate within. Stamens with

short filaments, epipetalous about 1/2 way up on the tube in long-styled

forms and 2/3 way up in short-styled forms; anthers linear, dorsifixed, in-

trorse, 4.5-5.3 mm. long, straight, blunt at the apex, faintly bifid at the

base. Ovary 2.3-4.5 mm. long, broadly obconic-fusiform, glabrous, 2-locu-

lar with numerous ovules on cushion-shaped axile placentae; style and

stigma lobes 1.65-2.05 cm. and 2-3.5 mm. long respectively in long-

styled forms, 1.25 cm. and 3 mm. long in short-styled forms. Berry (im-

mature) oval, 7-8 mm. long, glabrous with numerous seeds embedded in a

fleshy pulp, calyx lobes subpersistent, seeds (immature) reticulate, 0.43-

0.46 mm. long, 0.33-0.39 mm. broad, oblong or broadly triangular ovate,

testa with 4-7 foveae in each areole.

Illustration. Roxburgh's Fl. Indica drawing No. 1220 in Kew (Kew
Bull. 1957: 361), not seen.

Distribution. The collections of Mussarnda corymbosa made so far

have been from the Bengal-Calcutta area only. The localities of this species

were erroneously reported by Roxburgh .
> ylot -

! Malabar. Hooker

(1880) says that "no Ceylon or Malabar plant known to me answers to

his [Roxburgh's] description or to a figure of a Calcutta Garden plant

which bears this name in a collection of drawings at Kew made for Dr.

Roxburgh." I have not come across this plant in Ceylon either, nor has

it been collected from Malabar. It flowers dm ig th n is<

India. Bengal: Herb. Griffith 2779/1 (on); Calcutta, Galathea Expedition

MM ' tmph i i <> ' ' ) Herb Duhichscn (< i Hurt Bot Calcutta

Wallich 6252D (v photograph ol IritoUp. it k
; gh-j otype) H[ort]. B[ot].

Serampore [Calcutt ' l\ <tlln h 'i V ex Her! Bentliam < \-isosyntype ) : Bot.

Gard. Calcutta, Wallich (gh); cult. Hort. Bot. Calcutta (ny).

Mussaenda corymbosa is allied to M roxhurgh'ri >ok. f., from which

it differs in its hti-< pc . i rcr, hpnk ,mri in Iumt» all parts of the

plant glabrous. Its affinity to M. kecnanii Hook. f. is closer still. The

large stipules, co labrous ii i form calyx teeth

are characters con it ' i o b'>tl m uldition to tin i . Mm upp

surface glabrous. tJ M\ l< mon i tte<] in the species. Kamp-
hovener's collection bore only a cluster of miniature berries along with

short-styled tlow< hr< i haii m botl (h loo tyled and short-

styled forms are long and of equal length, a character of M. frondosa.

The species is distinguished from others by the glabrous stems, leaves

and inflorescences; the large persistent stipules, glabrous within and with

numerous glands in a contimiou h in J it I he bj c, glabrous, filiform

calyx lobes with two or three pairs of glands at the base of each; narrow

corolla tube, glabrous on the outer surface with ovate-lanceolate, non-

appendaged lobes; and glabrous, oval berries.
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11. Mussaenda keenanii Hook. f. Fl. Brit. India 3: 87. 1880 (Type:

Kcenan, 1874). Fig. 1, p.

Herbaceous shrub, stems glabrous or scantily appressed pubescent, in-

ternodes 3.7-5.7 cm. long, stout. Leaves petioled, 9.5-23.5 cm. long, 4.7-

11.3 cm. broad, broadly elliptic or oblanceolate, coriaceous, acuminate,

rounded or narrowing towards the base, glabrous ;md shining above,

densely tomentose or hirsute on veins below, the 9-12 pairs of lateral

veins arcuate and very prominent on the lower surface; petioles 0.5-3 cm.

long, stout, hirsute or appressed pubescent. Stipules broadly ovate, acumi-

nate, 1.6 cm. long, 7 mm. broad at the base, many veined, hairy along the

midline and the margin of the outer surface, glabrous within, faintly

bifid at the apex, bases extending to within the petioles. Inflorescence

terminal, glabrous ! i i ii. , i about 5 cm. in diameter, on

stout peduncles; flowers glabrous, on stout, glabrous pedicels shorter than

ihe ovari lobes linen filiform, 0.8-1.2 cm. long, 1 mm. broad

at the base, scantily pubescent on the outer surface and along the margin,

glabrous within, bases fused to form a short tube. Corolla tube about

2-2.5 cm. long, puberulous towards the top, lobes lanceolate, 5 mm. long,

2.2 mm. broad, fleshy, minutely puberulous on the outer surface, papillate

within. Ovary about 3 mm. long, broadly fusiform, glabrous. Berry ovoid,

8 mm. long, glabrous, with persistenl calyx segments; seeds minute,

numerous, reticulate, 0.36-0.46 mm. long, testa with 2-5 foveac in each

Distribution. This species, occurring on the margins of flats, was
collected by Keenan, in Cachar in 1874, and in Chittagong by Hooker.

India. Cachar. Kcenan (k hnlotvpe'i ; up to 300 m. elevation, Chittagong,

J. D. Hooker & T. Thomson IS, in part (k).

This species, Mh <a .7, was noted by Hooker as "a remarkable

plant, described by its finder as herbaceous, large and robust in all its parts,

and flowering later than the other Cachar species.
1

' Hooker's collection

from Chittagong has two specimens mounted on the same sheet, both with

fruits. The top specimen collected from Seetakoond on Jan. 5, 1851, is

Mussaenda roxburghii, while the specimen below, marked "Flagstaff 228"

and collected on Dec. 29, 1850, has the characters of M. keenanii: leaves

glabrous on the upper surface with 12 pairs of lateral veins, glabrous

fruits with persistent calyx, smaller seeds and smaller number (2-5) of

foveae in the areoles of the testa.

Mussaenda keenanii is allied to M. roxburghii in its almost capitate,

glabrous cymes, filiform, crinite calyx leeth. and glabrous berries with

persistent calyx segments, but differs from it in the glabrous stems, corolla

tube, and the smaller seeds with, fewer foveae in the areoles of the testa.

I see no relationship to M. incana except in the persistent calyx.

From the other mussaendas, M. keenanii may be distinguished by its

large, thick, leather} li ive glabrous on the upper surface and tomentose

beneath; its glabrous and almost capitate cymes: its glabrous corolla

tube; and its berries with persistent calyx segments.
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12. Mussaenda intuspilosa, sp. nov.

Frutex, caulibus et ramis glabris. Folia oblongo-lanceolata, acuminata,

basi cuneata, supra glabra, subtus minute puberula, venis lateralibus 8-10

paribus; stipulae triangulari-lanceolatae, apice bifidae, extus basi et secun-

dum medias pilosae. Cyma terminalis, trichotoma, diffusa. Flores hetero-

styli; calycis lobi lanceolati, acuminati, glabri vel pubescentes; corollae

tubus 2.5-3 cm. longus, extus pubescens, intus totus pilosus vel pubescens

et basi pilis penicillatis; corollae lobi lanceolati, acuminati; antherae

lineares ; bacca ovoidea calycis segmentis deciduis coronata, semina numer-

osa, minuta, reticulataque.

Shrub about 2.5 m. high with glabrous stems and branches. Leaves

oblong-lanceolate or elliptic-lanceolate, 8.5-24 cm. long, 3-8 cm. broad,

acuminate, cuneate at base, glabrous on the upper surface, minutely

puberulous beneath with 8-10 pairs of lateral veins prominent on the

lower surface; petiole 0.5-3 cm. long, glabrous or puberulous. Stipules

triangular-lanceolate from a broad base, 6.5-8.5 mm. long, 3.5-6 mm.

broad at the base, bifurcate at the apex, hairy at the base and along the

middle on the outer surface, hairy within at the base and among the numer-

ous glands. Inflorescence a terminal, glabrous or minutely appressed-

pubescent, trichotomous, diffuse cyme; bracts and bracteoles small, lan-

ceolate, glabrous or pubescent, bracteoles broader. Flowers heterostylous,

on stout, glabrous or appressed-pubescent pedicels shorter than the ovaries.

Calyx lobes five, lanceolate, 4.5-9 mm. long, 1-1.5 mm. broad, acuminate,

glabrous or pubescent on the outer surface, within glabrous with one or

two pairs of glands and a tuft of hairs at the base of each sepal; petaloid

sepal ovate or elliptic-lanceolate, 6.5-10 cm. long, 4.5-6 cm. broad, short

acuminate or acute, cuneate, glabrous on both surfaces, 5-veined, "peti-

ole" 1.2-2.8 cm. long, minutely puberulous. Corolla tube 2.5-3 cm. long,

glabrous or minutely pubescent outside, hairy inside from mouth to base

of the tube; hairs long in both long-styled and short-styled forms, tufted

only at the base; corolla lobes 5, lanceolate, 4.5 8 mm. long, 2-2.5 mm.

broad, acuminate, glabrous on the outer surface and minutely papillate

within. Stamens five, with short filaments, adnate to the corolla tube

below the middle, 2/5 way up in long-styled forms and 3/5 way up in

short-styled forms: anthers linear, dorsifixed, introrse, 5-6 mm. long,

acute, bilobed at base. Ovary inferior, turbinate or globular, 3-4 mm.

long, glabrous or minutely and scantily appressed pubescent, 2-locular,

with numerous ovules on cushion-shaped axile placentae; style and stigma

lobes 2-2.35 cm. and 2-2.5 mm. long respectively in long-styled forms,

1-1.1 cm. and 3.5 mm. long; in short-styled forms. Berry (immature)

ovoid, 0.75-0.9 cm. long, 6 mm. in diameter, glabrous or pubescent, with

a deciduous calyx; seeds minute, reticulate, 0.53-0.73 mm. long, 0.36-0.53

mm. broad, oblong or broadly ovoid, testa with 3-10 foveae in each areole.

Distribution. '/• at ida intuspilosa grows at the edge of semiopen

glades or on roadsides in dense, heavy jungle in Assam and Burma at an

elevation of 200-300 meters above sea level. It has been collected in

flower in July, August, and October; in fruit in December.
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India. Assam: 23 mi. on Ledn Road. Namrhik River Valley, Belcher, U.S.A.

Typhus Comm. 953 (us). Burma. Upper Burma: 40 mi. n. of Myitkyina,

Malihka. Nsop Zup. McKee 6242 <k>; 26.2 mi. on Mvitkvina-Sumpsabum Road.

Belcher, U.S.A. Typhus Comm. Sll-E (us); Cle<- Hill Traverse, e. bank of

Irrawaddy. Belcher, U.S.A. Typhus Comm. Ill, Aug. 17. 1945 (us-holotype)
;

Belcher, U.S.A. Typhus Comm. S69 (k); Katha District, Atohuyin Reserve,

Lace 5318 (k). Lowkr Burma: Mvawaddi to Kawkereik Hills, Rock 712, 714

(US).

These collections previously have been doubtfully assigned to Mussacnda
glabra from which they differ in many respects: larger leaves; larger

stipules glabrous or pubescent along the midline and base on the outer

surface, pubescent within at the base with numerous glands; sepals larger,

pubescent {Lace 53 IS, Belcher 953) or glabrous {Belcher 111, 869) on the

outer surface, all glabrous within and carrying a tuft of hairs at the base

of each, a character typical of M. roxburghii. Other characters of M.
roxburghii are the pubescence of the corolla tube inside where hairs are

long in both short-styled and long-styled forms and tufted at the base

but not at the mouth. The species differs however, from I\I. roxburghii in

the diffuse inflorescence, lanceolate sepals glabrous or minutely pubescent

outside the corolla lube, and the calyx segments deciduous from the fruit.

Lace 53 IS is more pubescent than other collections; Belcher 953 from

Assam differs slight])- from the type in the longer corolla tube and banded
glands at the base of the stipule. The collections of Rock from Lower
Burma agree with the typical form in the leaf, stipule, fruit, and seed

characters, though their petaloid sepals are somewhat lanceolate-elliptic

and narrowed at both ends.

The species can be distinguished by the large ellipticdanceolate leaves,

triangular-lanceolate stipules with numerous glands, diffuse cymes, lance-

olate sepals with a tuft of hairs at the base of each; corolla tube not

tufted at the mouth, entirely hairy within and tufted at the base, and
glabrous berries with deciduous calyx segments.

13. Mussaenda parryorum Fischer. Few Bull. 1928: 274. 1028 (Tv
Parry 359).

Scandent shrub, stems terete, brown,

2.5-6.5 cm. long, lenticellale, lenticels

ellipticdanceolate, 8-15.5 cm. long. 3.5-7 cm. broad,

at base, scantily pubescent with long hairs on both surfaces and 7-9 pairs

of arcuate, lateral veins prominent below; petiole 0.8-1.5 cm. long, ap-

prcssed-pubescent. Stipules caducous, triangular-lanceolate, 4-6.7 mm.
long, about 3.5-4 mm. broad at the base, hairy outside, bifurcate from
apex for about 1/2 their length, lobes subulate, straight. Inflorescence a

terminal, trichotomous. many- flowered, dilTuse. pubescent, sessile cvme;
bracts and bracteoles linear-ensiform, pubescent on both surfaces, 4-8
mm. long, bracteoles trilaciniatc. 1-'lower* short, on stout, pubescent pedi-

cels shorter than the ovaries. Calyx lobes 3-4 mm. long, about 0.8 mm.



1963] JAYAWEERA, MUSSAENDA OF INDIA AND CEYLON 259

broad, linear-ensiform, pubescent on both surfaces, caducous; petaloid

sepal white with green veins, 4.5-6.5 cm. long, 2.2-3.5 cm. broad, elliptic,

acute, narrowed and tapering to base, puberulous on the upper surface,

hirsute on veins below, 5-veined, ••petiole" 1-1.2 cm. long, hirsute. Corolla

tube 2.1-2.5 cm. long, hairy on the outei urtaee. probabh hain within

tufted at the mouth, lobes yellow, small, suborbicularly ovate or reni-

form, 2-3 mm. long, 3.5 mm. broad, apiculate, hairy outside, papillate

within. Ovary turbinate, 3-4 mm. long, hirsute, style filiform, stigma bi-

bbed, lobes emerging through the tuft of hairs at the mouth (long-styled

form). Berry subglobose. 7-8 mm. long cantilj pubescent, lenticellate,

calyx lobes deciduous; seeds few. minute, reticulate, black, about 80 to

a berry, consisting of large and small seeds embedded in the soft pulp,

larger seeds 0.9 mm. long, 0.77-0.83 mm. broad, testa with 5-18 foveae

to each areole.

Distribution. This species was collected in flower and fruit, Oct. 1927,

at an elevation of 1500 meters above sea level. It has not been collected

India. Assam: N. Vanalaiphai, Lushai Hills. Mrs. N. E. Parry 359 (K-lecto-

type, in fruit; syntype, in flower).

The type collection consisting of two sheets, one in flower and the

other in fruit, was iv; labl< foi examination Fischei was of the opinion

that Henry 8270 from Hainan, China, is this species. Mussaenda parry-

orum is related to M. pubescens, but the two differ in the size of the

leaves, number of lateral veins, size of fruits and seeds. The leaves of

M. pubescens are smaller with 5-7 pairs of lateral veins, while those of

M. parryorum bear 7-9 pairs and are more pubescent. The fruits of the

former are larger and bear numerous, smaller seeds (0.77-0.8 mm. long).

Further, the number of foveae in the areoles of the testa is 3-10 as against

5-18 in M. parryorum.

Mussaenda parryorum may be recognized by its elliptic-lanceolate,

pubescent > and diffuse cymes, smaller fruit

larger and fewer seeds embedded in soft pulp.

14. Mussaenda samana, sp. nov. Fig. 2.

M. frondosa L. var. |8. glabra ta sensu Trimen. Hand-book Fl. Ceylon 2: 324.

M. glabrata sensu Alston in Trimen, Hand-book Fl. Ceylon 6: 150. 1931. non

Hutch, ex Gamble.

Frutex scandens, caulibus et ramis longis tenuibus arcuantibus glabris.

Folia oblonga vel obovato-elliptica, acuminata, utrinque glabra, venis

lateralibus 5-9 paribus. Stipulae parvae, triangulares vel lanceolato-

acuminatae, apice bifidae, extus pubescentes intus glabrae cum glandulis

paucis. Cymae terminales dichotomae pauciflorae. Flores tenues hetero-

styli; calycis lobi pai i Ian ol ti acuminati; corollae tubus 2.1-3.1 cm.

longus, extus adpresso-pubescens, pili ad orem penicillati, lobi lanceolati
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Kir,. 2. Mn.ss.tcml,! .sniihiinr. a. branch with intlorescence and pelaloid sepals.

X X>; b. stipule seen from adaxial surface. >( 10; c, calyx lobes from within, X
4X; d, corolla lobe from within, X 4; e. longitudinal section of a long-styled
flower, X 2; f, longitudinal section of a short -six led tinner. X 2; R^voune

iminato-caudati; antherae linearis rpipeiulae; ovarium fere cylindri-

n sparsim ct minute adpresso-puhescens; barca ovoidea glabra seg-

nulosa. ( Fig. 2.)
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Shrubby climber about 6-10 m. high with long, slender, glabrous, arch-

ing stems and branches. Leaves oblong, elliptic or obovate-elliptic, 4-9.2

cm. long, 1.5-4 cm. broad, acuminate, cuneate at base, glabrous on both

surfaces with 5-9 pairs of lateral veins, veins prominent below and

minutely appressed pubescent; petiole 0.5-1 cm. long, minutely appressed

pubescent. Stipules small, 3.5-5.5 mm. long, 2.7-3 mm. broad at the

base, triangular or lance-acuminate, bifid at apex, appressed pubescent on

the outer surface, glabrous within with few, large glands in two groups

at the base. Inflorescence a terminal, diffuse, dichotomous, few-flowered,

slender cyme; bracts and bracteoles minute or small, triangular or lanceo-

late, hairy outside, within glabrous with one or two pairs of glands at the

base, bracteoles larger, 3.5-4.5 mm. long, trifid at apex, the midlobe

longer than the lateral lobes. Flowers heterostylous, on stout, minutely

appressed-pubescent pedicels longer than the ovaries. Calyx lobes 5,

small, lance-acuminate or triangular-subulate from a broad base, 1.2-3.5

mm. long, 0.6-1.5 mm. broad at the base, appressed pubescent on the

outer surface, within glabrous with 1 or 2 pairs of glands at the base

of each; petaloid sepal white, elliptic or ovate, 5.5-8.5 cm. long, 3.7-5

cm. broad, acute or rounded at apex, base cuneate. glabrous on both sur-

faces or minutely pubescent on the lower surface or on veins only, 5-

veined; "petiole" 1-2.5 cm. long and pubescent. Corolla tube 2.1-3.1 cm.

long, appressed pubescent on the outer surface; hairs on the inner surface

long, tufted at the mouth, dense at the throat and between the anthers

in both short-styled and long-styled forms, below the anthers the hairs

shorter and scantiei exl id ng , far as 1/7-1/5 the length of the corolla

tube from base; corolla lobes 5, orange, broadly lance-ovate, 5.5-7.5 mm.

long, 3.5-5.5 mm. broad, acuminate, caudate, pubescent on the outer

surface, papillate within. Stamens 5, with short filaments, adnate to corolla

tube 3/5 its length in long-styled forms and 2/3 its length in short-styled

forms, filaments free for a short distance (about 2 mm.) midway on the

corolla tube; anthers linear, dorsifixed, introrse, 5.3-7 mm. long, subacute

or rounded at apex, bilobed at base. Ovary inferior, 3.5-5.5 mm. long,

somewhat cylindrical, scantily and minutely appressed pubescent, 2-locu-

lar with numerous ovules on cushion-shaped axile placentae; style and

stigma lobes 2-2.4 cm. and 2-3 mm. long respectively, in long-styled

forms, 1.6-1.75 cm. and 4.5 mm. long in short-styled forms. Berry ovoid,

1.3-1.5 cm. long, 1 cm. in diameter, glabrous, calyx lobes deciduous; seeds

minute, reticulate, spiny, oblong or irregularly triangular-ovate, 0.83-

1.33 mm. long, 0.67-1 mm. broad; testa with 4-12 foveae in each areole.

Distribution. This is an endemic species growing at Gilimale in the

Ratnapura District in Ceylon at an elevation of 150 meters above sea

level, extending on to the foot of Adam's Peak or Samana Kande (eleva-

tion 1350 meters), a locality sacred to Buddhists all over the world be-

cause of a rock carving of a foot of Buddha it t t The vegeta-

tion in this area is transitional between the Tropical Wet Evergreen For-

ests and Subtropical Montane Forests with a rainfall of over 250 centi-

meters a year. Species characteristic of this type of jungle are Celtis cin-
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namomca Lindl.. Calophyllum calaha L.. Garcwia cchiuocarpa Thw., 7Yr-
minalia parvijlora Presl, Kunimla zcylanica Arn., Z>oo«ff gardneri Thw.,
Scmccarpus aigroviridis Thw.. Myristka malabarira Lam., and Diospyros
sylvatica Roxb. ftlmsunula samami flowers and fruits between Septem-
ber and January, the less rainy months of the year.

Ceylon. Ratnapcra District: Gilimale. Jayawceni 46. Jan. 24, 1961, hololype
(a), Jayawcera 43. 47 (a); Foot of Adam's Peak, Jayaiveera 42, 44 (a).

This species was referred to Mitssanida jrondosa var. glabrata by Tri-
men (1894), but it differs from that plant in its glabrous stems and
leaves, smaller stipules. longer, lance-ovate corolla lobes, and larger fruits

and seeds. The only common character is the spininess of the seed. It

resembles M. glabra to a certain extent but differs from it in the large
spiny seeds and in having in the throat of the corolla tube of long-styled
forms long hairs which are tufted at the mouth of the tube, in contrast to
M. glabra with its smooth seeds and short hairs in the corolla tube of the
long-styled forms. This species stands distinct from M. jrondosa var.
glabrata and from M. glabra but is related to both of them. I describe
this species as new. not only because of its distinctive characters, but
:>' s <> because of its isolation. Trimen says in reference to this, "Var. /3,

which looks quite distinct, is perhaps the M. corvnibosa of Roxb. which
he states (Fl. Ind. i. 556) to be a native of Ceylon, or possibly M. glabra,
Yahl, which has a wide Malaya and Burma distribution but is not re-

corded for Peninsular India in Fl. B. Ind."

Mussaenda samana is easily distinguished from other species of the
genus by its glabrous stems and leaves; small stipules; slender, few-
flowered terminal cymes; small calyx lobes; lance-ovate, acuminate corolla

both long-styled ami short-styled forms; gla-
uilh dclm.. .'!•.

| ,,

15. Mussaenda glabra Yahl, Symb. Bot. PI. 3: 38. 1790; Hook f Fl
Brit. India 3: 90. 1880 (Type: Vahl). Fig. 1, f-j; Fig. 3, g-i.

M. jrondosa sensu Wall. Oat. 6250B & E (both in part). 1832, non L.
M. setulosa Klotzsch. IU-r. Akaci. Wiss. Berlin 1853: 499. 1853.
M. penangensis Miq. Fl. Ned. Indie 2: 214. 1857.

Rambling or climbing shrub with almost glabrous branches. Leaves
elliptic, oblong or elliptic-lanceolate, 5-14 cm. long, 1.6-5.5 cm. broad,
acuminate, cuneate, acute or obtuse at base, usually glabrous on both
surfaces and minutely pubescent on veins below or on both surfaces, or
on the lower surface only, with 4 10 pairs of lateral veins; petioles 0.4-2.5
cm. long, glabrous or pubescent. Stipules triangular or lanceolate, 2.7-8.5
(-11) mm. long, 1.5-7 mm. broad at the base, pubescent on the outer
surface, glabrous within or hair} at the base onl\ bearing a few glands
in 2 groups, apex bifurcate 1/3—1/2 way, lobes straight or diverging. In-
florescence a terminal, di- or trichotomous, many-flowered, diffuse cyme;
bracts and bracteoles lanceolate, deciduous, pubescent on both surfaces,
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1 tt le laisei in opposite pairs, trifid about 1/2 way. Flowers small,

slender, on pubescent pedicels as long as the ovaries. Calyx lobes lanceo-

late, 1-7.5 mm. long. 0.7-1.5 mm. broad, pubescent on both surfaces or

on the outer surface only; petaloid sepal white, oblong or elliptic, 3-12

cm. long, 1.5-9.2 cm broad, usually glabrous on both surfaces except on

veins below or minutely puberulous on both sides, cuneate, 5-veined,

"petiole" 0.8-2.5 cm. long and hairy. Corolla yellow or orange, the tube

1.4-2.5 cm. long, hairy on the outer surface (more densely so towards

the upper half), hairy within at the mouth, the throat, and between the

anthers as far as the anther bases; hairs long in short-styled forms and

I
., i 1= .1 < ii ir-:11a lobes 1.5 -6 mm. lomi. 2-3.5 mm. broad,

lanceolate, broadlv ovate or orbicular, acuminate or apioulatc, hairy on

the outer surface, papillate within. Stamens with short filaments, epi-

petalous on the upper 2/5-1/2 of the tube in long-styled forms and 1/4-

1/3 of the tube in short-styled forms; anthers linear, dorsifixed, introrse,

2 5-5.5 mm Ion I
I base shorter in long-styled forms. Ovary

obconical or turbinate, 2-4 mm. long, glabrous or minutely pubescent,

2-locular, with numerous ovules on cushion ha] ed ixile placentae; style

and stigma lobes 1.4-2 cm. and 4.5-7 mm. long respectively in long-

styled forms, 1.6-6 mm. and 1.5-5 mm i Lg in iorl tyled forms. Berry

ovoid-elliptic, 1-1.2 cm. long, glabrou . lenticellaie calyx lobes deciduous;

1U M ;m i( « li.ulate 0O/-0S3 mm. long. 0.46-6 mm. broad, testa

with 2-7 or 3-14 foveae in each areole.

Illustrations. Loddiges, Bot. Cab. 13: tab. 1269. 1827; Rumphius,

Herb. Amboinense 4: tab. 51. 1743.

Distribution. Collected widely from Sikkim, Khasia, Assam, and

Chittagong at elevations up to 2440 meters above sea level; in Burma

mostly for the Mergui area with Kmgdon-Ward 22098 from the Triangle

in North Burma between 900 and 1500 meters elevation; in Siam from

the Chantaboon area; in Singapore from lower altitudes; also in Java,

China and the Ryukvu Islands. (The distinction between Mussaenda

glabra and M. erosa Champ, from China is very little. Bentham '(1861)

says in reference to M. erosa, "It may however be a variety of M. jrondosa

or of M glabra of Vahl, which Miquel unites with M. jrondosa:') It has

been collected in flower from January to June, September, October, and

December; in fruit in January, April, June, and December.

India. Sikkim: /. D. Hooker 17 (gh, k) ;
Treutler, 1874 (k)

;
Darjeeling,

Schlavnuat U* > i o t ?; /• F 44<>4\\ >
Choonbutte Clark

i

^fifiOlB (k) Kh\sia Hooka ,

l

; Thomson 17 (ny); Silhet, Walhch 6250D

(c)-' Hooker cV Thomson 17 <x\>, Mamlo > Choke 4^21 (k); Chura, Hooker

& Thomson 17 no , >m b'uf/s.on .."<//" <
i Inilms 501 ( ny)

Naga Hills, Henim:, Ho, 6471 (k) d\ hmi Hill - .db ,
I'l in Kmgdon-W ard

18588 (a), Janakmi.ll. '>ookill >nM>7 (k lull UiN l.nuln'l "»" " ll"

(k) ;
Cachar, Bazer 140 ( k ) Sittong. Biswas 747 (i'MH Ledo, Juan 76 (a);

Ind. Orient. Herb. Wn'M 1266 (ny); Ind. Orient.. Vahl ( c-holotype)
;

culti-

vated, Calcutta Bot. Card, Voigt (c, a). Burma. North Triangle: Kmgdon-

Ward 22098 (a). Rangoon: Mogok, Dickason 5005, 7093 (a). Mergui:
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Fig. 3. Lon-n udiiul

bldu'l :.|H'Cit'S ()f M/tSSt

burghii: a. (Gamble 104

d. (r»/j?/ 1J6), X 1; e, (#V™. (w7//;7// _V,vn. >( :

-1/. xlttbra (Siedenfaden 2nOn): p, lon^-style-d Ik

k, </Wy 274!)

HJ9J), X 1;

base of calyx lobes.

Palauk. Parker 3070 ixy'i; Palauk Uhaun- Parker 3137 |xv|; Kwin-ta-bin taw.
Mining Po Khant 13200 (k); //<W>. Heljer 277S (k). Kcw Distribution ISO 1-2;

67/$M (k). S. Tknasserim : Kallin kwan chanp. Parkinson 1692 (k)\
Chaun-naukpyan, Parkinson le3S iki. Siam. Uhantaboon, Vrstcrdal Vli. OK.
K (c); Chantabura. West of Kao Sabab. Siedenjaden 2n0n u-i China. Kw \\<-.-

tung: Lantau Island. Taai ue Shaan, 7'.v,/;/.i,' 7rtY>72 (a). Kwangsi: Shap Man
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Taai Shan, Tsang 22095 (a). Japan. Ryukyu Islands, Wright 119 (gh, us).

Malaya. Singapore, Pahang, Sungai Bera, Henderson 24128 (ny) ; Bot. Gard.,

Clemens 1013 (ny). Java. Delessert (c) ; Blume (ny) ;
Didrichsen 3926 (c)

;

Depok, Jensen (c) ; Soegandirerja 244 (a) ; Reinwardt (c) ; Sargent (a)
;

Mousset 230 (us) ; Goenoeng Boto, Franck 93 (c, gh, us) ; Mount Salak,

Palmer & Bryant 371 (us); Nogosari, Gandrup (c).

There are two collections included in the type cover (c) ; one, which

agrees with the description of Vahl, I select as the lectotype; the other,

with large, oblong-elliptic leaves bearing 13 or 14 pairs of lateral veins,

large flowers, and long, pubescent calyx lobes does not seem to belong

to this species but rather to be a form of Mussaenda macrophylla Wall.

Vahl did not mention the locality of the collection he described, but G.

Don said it was a native of the East Indies. Delessert's collection from

Java closely resembles the type.

Most of the collections from India have been made from elevations

below 1500 meters, but Schlaginweit 12385 was gathered from Darjeeling

between 1830 and 2440 meters elevation.

Hooker divided the species into four varieties distinguished by the

character of the leaf base and the proportion of the calyx lobes to the

ovary. As there are a large number of transitional forms the boundaries

between them can hardly be maintained. Therefore, the species is con-

sidered as a whole with variations.

Most of the leaves of gatherings bear 4-6 pairs of lateral veins, except

Herb. Wight 1266 which has the leaf bases long attenuate and nine pairs

of lateral veins. The stipules in all collections are small, except Treutler's

which bears stipules about 11 mm. in length with glands in a continuous

band at the base. The calyx lobes vary in size but agree in shape and

hairiness on the outer surface. In all Indian forms the calyx lobes are

glabrous inside, while the type specimen bears short lobes, minutely

appressed pubescent on both sides. Although the corolla tube is generally

short, the lobes in some forms are broadly ovate or orbicular.

According to the number of foveae in the areoles of the testa of the

seed, the specimens of this species fall into three groups which cannot,

however, even be considered formae. The collections /. D. Hooker 17,

from Sikkim, and Burkill 36467 and Parry 600, from Assam, bear 2-7

foveae in each areole of the seed coat, while Clarke 26603B, from Sikkim,

and Jenkins 501, from Assam, bear 3-10 foveae, and still others such as

Hooker & Thomson 17, from Khasia, bear 3-14 foveae. The seed is

reticulate and usually smooth, but there is a tendency toward spininess in

some forms (such as Herb. Wight 1266 and /. D. Hooker 17) but not

sufficiently marked to be termed spiny.

Voigt's collections from Calcutta, probably from cultivated material,

are of special interest. Of the ten specimens examined, three have been

annotated by Bremekamp as Mussaenda frondosa and three as M. glabra,

two specimens have been identified by Merrill as M. frondosa and the re-

maining two as M. frondosa by Voigt himself. All these specimens are

of the short-styled form with stigmatic lobes as long as the styles. The

throat hairs are long and not tufted at the mouth, a character which re-
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moves them from the M. jrondosa group. The leaves of those which Breme-
kamp and Merrill have named as .1/. itond,-,. .oe ellmticdanceolate, acu-
minate, attenuate at the base, short petioled, very scantily hairy on both
surfaces, and with -1-0 pairs of lateral veins not unlike Treutler's collec-

tion from Sikkim Himalaya. Stipules are small, appressed pubescent on
the outer surface, glabrous within with lew glands in two groups. The
corolla tube is short (2 mm. long) and not tufted at the mouth, and the
lobes are lanceolate. As they agree with the typical M. glabra in their

stipule and floral characters] have reidentilicd I hem all as M. glabra.

The collections of Parker, Griffith, Heifer, and Parkinson from Burma
are conspicuous in their sturdy, trichotomous, many-flowered, diffuse,

cymose panicles, glabrous stems, leaves, and larger stipules (7-8.5 mm.
long) bearing numerous glands in two groups at the base. The corolla

tube is longer (2.2-2.5 cm. long) than in the typical form, the lobes ovate,

and the anthers in long-styled form- do ;mi seem to dehisce. Hairs in-

side the corolla tube of the long-styled forms are short (0.2 mm. long)

extending to below the bases of the anthers as far as 1/5 the length of

the tube from the base, a feature not observed in other forms. The speci-

mens of Kingdon-Ward 22098 from North Triangle are said to be abundant
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at elevations between 900 and 1500 met

but the corolla tube is shorter (1.5 cm. lc

as far as 1/3 the length of the tube from the base. The style is looped

somewhat inside the tube and the stigmas protrude beyond the mouth.

The anthers do not seem to have pollen. Dickason 5005 from Mogok is

a short-styled form with the anthers attached to the upper third of the

tube. The stipules are typical of M. glabra, and the style and stigmas

are well developed.

Vesterdal's and Seidenfaden's collections from Siam agree with Mus-

saenda glabra var. 1 of Hooker in the form of the leaves and pubescence,

though the flowers are more slender. The stipules are narrow, densely

pubescent outside and bifurcate at the apex to about 3/4 way. Seiden-

jaden 2696 (c) has two specimens mounted, one belonging to the long-

styled form and the other to the short-styled form. The flowers of the long-

styled form bear large stigma lobes (7 mm. long) and reduced anthers

(3.2 mm. long) placed lower down in the corolla tube. The ovary is about

twice as long as that in the short-styled form.

There seems to be some confusion in the identities of Mussaenda erosa

and M. glabra from China. Collections labeled as M. erosa are made up

of the true M. erosa Ait. (e.g., the collections Henry 10646, 13648, 13694

bearing linear calyx lobes more than twice as long as the ovary) and a

form of M. glabra erroneously labeled as M. erosa. True M. erosa differs

from M. glabra in its stipules bearing i
- in a continuous

band at the base within and each calyx lobe bearing two or three pairs of

glands at the base. Wright 119 from the Ryukyu (Loo-choo) Islands

agrees with true glab -
I il the testa of the seed contains a larger

number of foveae (7-17) in each areole.

Four collections from Singapore and Johore were examined. Henderson

24128 and Clemens 1013 agree with ilussarnda glabra except for their

longer sepals and broadly ovate petals. They are short-styled forms, and

their style, stigmas, and ovaries are much reduced. Clemens' collection

seems to be from a cultivated specimen in the Botanic Gardens, Singa-

The collections from Java show the greatest variation in the species.

They differ from the type in the number of pairs of lateral veins in the

leaf, which normally exceeds six, and in the broader corolla lobes. There

is a considerable development of the styles and stigmas in the long-styled

forms and conversely a reduction in size of these organs in the short-styled

Mussaenda glabra can be distinguished by its glabrous stems and leaves,

small stipules with fewer glands at the base within, hairs not tufted at

the mouth of the corolla tube (very short in long-styled forms), glabrous

fruits with dehiscent calyx lobes, and minute seeds with fewer foveae in

the areoles of the testa.

Royal Botanic Gardens.
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A REVISION OF THE NEW CALEDONIAN SPECIES
OF OSMANTHUS *

P. S. Green

Throughout much of the Oleaceai; genen;- limits are obscure; par-
ticularly is this so in the Tribe Oleeae, and until detailed revisions on a
world basis have been completed it is in many ways advisable to take a
broad view of genera. In consequence of this the species included in this

revision are treated as members of the genus Osmanthus Lour., notwith-
standing the fact that Johnson, in his relatively recent review of the family
(Contr. New S. Wales Natl. Herb. 2: 295-318. 1957), segregated them,
along with some other Australasian species, in the resurrected genus
Ncstegis Raf. (Gymnelaea (Endl.) Spach). These New Caledonian spe-
cies, however, differ from the other members of Osmanthus in their in-

florescence characters and should be nvcgni/cd a- diluting a separate
section. This is proposed and described below.

In addition to being treated in Ncstegis, which has been characterized
by the possession of a dec ussa inflon m together with either no corolla
or one in which the aestivation of the lobes is imbricate, these species have
at times been classified in the genus Notelaea Vent. However, although
the basic inflorescence t\pi

\

. u \ i ..limit the whole Pacific com-
plex, the true members of this last genus are distinguished by their in-

duplicate-valvate corolla lobes. Three of the species maintained in this

revision were first classified as Notelaea but other New Caledonian plants
which have been described in this latter genus are excluded from Osman-
thus by characters of the flowers. The first such species described was
named Notelaea brachystachys and the type specimen, one of the only
flowering specimens of this group, bears flowers with induplicate-valvate
corolla lobes arranged in two pairs and appearing as though, when fully

developed, they would be long in proportion to their breadth. This sug-
gests the genus Linociera with many species in Malaysia and a few outliers

in Australasia. The appearance of the other species. \ . irancii Guillaum.
and N. paniculata Guillaum., would also suggest Linociera, as does that
of Sarlina cylindocarpa Guillaum., a rel, .• •

i , ,1, bribed monotypic

I should like to express my grateful 1 hanks and appreciation to the
directors and curators of the various herbaria cited in this revision, either

for the loan of material or for facilities to study. All the material cited
has been examined and the respective herbaria are indicated by the
abbreviations published in the Index Herbariorum. I should particularly

* Results of the Botanical Expedition to New Caledonia 1950-52 (French-Swiss
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like to thank Dr. H. Hiirlimann, of Basle, for help with information about

the habitats of Osmanthus austro-caledonicus, and Miss Judith Kroll for

the drawing and diagrams used to illustrate this paper.

Osmanthus Sect. Notosmanthus P. S. Green, sect. nov.

Ab aliis sectionibus inflorescentiis decussatis differt. Folia integra. In-

florescentiae axillares decussatae. Flores androdioecii. Corolla tuba brevi-

campanulata, lobis quattuor imbricatis. Antherae 1-2.2 mm. longae, appen-

dice terminali parva.

Evergreen shrubs or small trees up to 10 m. in height, branches gla-

brous or puberulous when young. Leaves glabrous or minutely puberulous

towards the base of the midrib when young, lamina thick coriaceous; mar-

gin entire, slightly thickened; apex acute to rounded; venation obscure

or reticulate. Inflorescence axillary, decussate with terminal flower, 1-6

per axil from 1-2 superposed buds, 1.5-6 cm. long with 5-13 flowers per

rachis, sometimes the five terminal flowers subumbellate; bracts nar-

rowly triangular-linear to more or less ovate or subfoliaceous. Flowers

androdioecious. Calyx 1-2.5 mm. long with 4 somewhat irregular more

or less triangular lobes 0.5-1.5 mm. long. Corolla short campanulate,

tube 1.2-2.8 mm. long, lobes 4, broadly ovate, rounded, imbricate in bud,

0.7-2.5 mm. long. Stamens 2, subsessile near the middle of the corolla

tube, anthers 1-2.5 mm. long, the largest in male flowers, with a slight

terminal appendage often barely discernible. Ovary 1.7-2.5 mm. long,

triangular flask-shaped without differentiated style; terminal stigma more

or less bilobed, 0.4-0.6 mm. long; in male flowers abortive, more or

less conical 0.3-1.2 mm. long. Drupe ovoid or ellipsoid, often slightly

asymmetrical, 7-12 mm. long by 4-8 mm. broad; endocarp hard, 0.2-1

mm. thick, sometimes slightly ridged.

Type species: Osmanthus austro-caledonicus (Vieill.) Knobl.

KEY TO SPECIES

Petioles up to l.S cm. long; inflorescence one per axil terminated by a single

flower (Fig. 1, A & B) 2.

2. Inflorescence bracts narrowly triangular or linear, 0.5-3 mm. long, more

or less early deciduous; calyx 1-1.5 mm. long with lobes 0.3-1 mm. long;

petioles 1-2 mm. broad, 2—10(—15) mm. long; lamina very narrowly to

broadly elliptic or occasionally narrowly ovate or obovate, ( 1.8—)3-7(-9.5)

cm. long; apex acute, obtuse or rounded, less commonly subacuminate. 3.

3. Leaves very narrowly elliptic to elliptic or occasionally narrowly ovate

or obovate, thickish, more or less coriaceous, (1.8-) 3-7 (-9. 5) cm.

long; apex acute, obtuse or rounded, sometimes subacuminate; vena-

tion usually with only primary veins visible, sometimes obscurely

reticulate; petioles 2-10(-15) mm. long; found from sea level to

1000 m. alt 1.0. austro-caledonicus.

3, Leaves broadly elliptic, thick, coriaceous, 2.8-4.2 cm. long; apex

subacuminate; venation with primary veins clearly visible, more or less
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;
. >

'

( II lute 2184)
;

cr 15315); C, (). cymosus (Balansa 1222).

ililoil - M suhUsI in i'

long;

. . . . 2. 0. crassifolius.

to lanceolate or elliptic. (2-13-5
(-12) mm. long, more or less persistent; calyx 2-2.5 mm. long wiih lobes

1-1.5 mm. long; petioles 3-4 mm. broad, stout, 3-T(-10) mm. long;

lamina elliptic to broadly elliptic (-1.5- >6.5- (J( -12.5 ) cm. long, apex shod

. Petioles 2.5-3 cm. long; intlorescences 5 to 6 per axil, the five terminal

flowers subumbellate (Fig. 1, C) 4. 0. cymosus.

. Osmanthus austro-caledonicus (\
T

ieill.) Knoblauch, Repcrt. Sp.

Nov. 41: 152. 1936; Guillaumin, Bull. Soc. Bot. France 89: 232.

1942, Bull. Mils. Hist. Nat. Paris II. 15: 454. 1943, ibid. 28: 314.

1956. Fl. Nouv.-Caled. 283. 1948 et Mem. Mils. Hist. Nat. Paris II

(B). 8: 161. 1959.

Xotclaea uustro-calcdonica Yieillard, Hull. Soc. Linn. Xorniand. 9: (PI. Nouv.-
Caled. 16) 345. 1S65; Guillaumin. Ann. Mus. Col. Marseille II. 9: 192.

1911.
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N. badula Vieillard ex Pancher & Sebert in Sebert, Not. Bois Nouv. Caled.

184. 1872, [eannt'nc\ Nou I Ual Vpricole 115. 1894; Schlechter, Bot.

Jahrb. 39: 228. 1906; Guillaumin, Ann,. Mus. Col. Marseille II. 9: 192. 1911,

Bull. Mus. Hist. Nat. Paris. 18: 40. 1912, ibid. 19: 522. 1913, ibid. 25:

291. 1919, ibid. 27: 560. 1921, ibid. II. 2: 169. 1930, ibid. 4: 701. 1932,

ibid. 5: 323. 1933. ibid. 6: 45S. 1934, /7;/'rf. 13: 476. 1941. in White, jour.

Arnold Arb. 7: 100. 1926, Bull. Soc. Bot. France 89: 232. 1942 et Not.

Syst. Paris 11: 55. 1943; L);iniker. Viert. Naturf. ties. Zurich 78 (Beibl.

19): 363. 1933.

N. collina Schlechter, Bot. Jahrb. 39: 229. 1906; Guillaumin, Ann. Mus. Col.

Marseille II. 9: 192. 1911, Bull. Mus. Hist. Nat. Paris II. 4: 693. 1932,

tbid <: 3'.' I" ,

V. eucleoides .Schlechter. Bot. Jahrb. 39: 229. 1906; Guillaumin, Ann. Mus.

Col. Marseille II. 9: 192. 1911, Bull Mu li Xal. Paris 18: 40. 191

ibid. 25: 652. 1919, ibid. II. 6: 458. 1934; Daniker, Viert. Naturf. Ges.

Zurich 78 (Beibl. 19): 364. 1933.

A vacanwsdes Schlechter Bot Jahrb J9 ?30 f^ 22 1906 Guillaumin, Ann.

Mus. Col. Marseille II. 9: 192. 1911. Bull. Mus. Hist. Nat. Paris 18: 40.

1912, ibid. II. 5: 323. 1933. in Sarasin & Roux, Nova Caledonia. Bot. 1:

206. 1921 et in White. Jour. Arnold Arb. 7: 100. 1926; Daniker, Viert.

Naturf. Ges. Zurich 78 (Beibl. 19): 364. 1933; Guillaumin, Bull. Soc. Bot.

France 89: 232. 1942.

Osmanthus vafcinioides (Schltr.) Hochreutiner, Bull. New York Bot. Card. 6:

284. 1910; Moore, Jour. Linn. Soc. Bot. 45: 356. 1921; Guillaumin, Bull.

Soc. Bot. France 89: 233. 1942. Bull. Mus. Hist. Nat. Paris II. 15: 340,

454 1943 ibid -"'! 19 1" ibid U 179 1959. Fl >ou\ 'Hi >

1948. et Mem. Mus. Hist. Nat. Paris II (B). 4: 49. 1953; Virot, Veg.

Canaque 175. 1956.

dephmchci Hnchreutinei Guillaumin \nn Mil Col Marscill if 9:

192. 1911 et Bull. Soc. Bot. France 89: 232. 1942; Nakai, Bot. Mag. Tokyo

0. badula (Vieill.) Hutchinson ex Moore, Jour. Linn. Soc. Bot. 45: 356.

1921; Guillaumin, Bull. Soc. Bot. France 89: 232. 1942, Bull. Mus. Hist.

Nat. Paris 11. 15: 340, 454. 1943. ibid. 20: 571. 1948, ibid. 23: 64,3. 1**51.

ibid 27: 47^ 19 d i( 97 I" Fl \'om led 2S3 1943 Mem
Mus. Hist. Nat. Paris II (B). 4: 48. 1953, ibid. 8: 161. 1959, et Not. Syst.

Paris 15: 38. 1954; Virot, Veg. Canaque 211. 1956.

ollim hlti i li blauch, Repert. Sp. Nov. 41: 152. 1936; Guillaumin,

'

i ,, Mus. Hist. Nat. Paris II (B). 8: 161. 1959.

O. eucleoidcs (Schltr.) Knoblauch, Repert. Sp. Nov. 41: 152. 1936; Guil-

laumin. Bull. Soc. Bot. France 89: 232. 1942, Fl. Nouv.-Caled. 283. 1948,

Mem. Mus. Hist. Nat. Paris 11 < II). 4: 49. 1953, ibid. 8: 161. 1959 et Bull.

Mus. Hist. Nat. Paris IP 27: 475. 1955.

Gymndaea badula (Vieill.) L. Johnson. Contr. New S. Wales Natl. Herb. 2:

413. 1957.

G. collina (Schltr.) L. Johnson, loc. cit.

G. eucleoides (Schltr.) L. Johnson, loc. cit.

i
L iL ,ii„id * i -1 lii i I fohn o„ lot cit

Nestegis badula (Vieill.) L. Johnson in Degener, New 111. Fl. Hawaiian Is.

300. Nestegis. 1958.

N. collina (Schltr.) L. Johnson, loc. cit.
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Evergreen shrub or small tree (microphanerophyte) 0.5-3 (-7) m. tall;

branches glabrous or puberulous, often minutely so. Leaves glabrous,

sometimes minutely puberulous towards the base of the midrib when
young; petiole 2—10(— 15) nn 1 glabr r

] berulous, often min-
utely so; lamina thick or thickish, more or less coriaceous, very narrowly
elliptic to elliptic or occasionally narrowly ovate or obovate (Fig. 5),

(1.8-) 3-7 (-9. 5) cm. long by (0.3-)0.5-2.5(-3.5) cm. broad; margin en-

tire, slightly thickened, fiat or slightly recurved; apex very acute to ob-

tuse or rounded, sometimes subacuminate, tip blunt; base attenuate into

the petiole, acute or rarely obtuse; venation usually more or less obscure,

often only primary veins visible, 4-7 (-8) per side, sometimes obscurely

reticulate. Inflorescence axillary, decussate, 1.5-4 (-6) cm. long, (5-) 7-

9 (-13) -flowered with a single terminal flower (Fig. 1, A), glabrous or
puberulous, often minutely so; bracts narrow triangular or linear 0.5-3
mm. long, deciduous. Flowers androdioeci u whiti | >r yellowish-white,
Baumann-Bodenheim 6291) scentless (fide Compton)

;
pedicels 1-5 (-13)

mm. long. Calyx glabrous or puberulous, 1.5 mm. long, lobes 4, blunt-
triangular, 0.3-1 mm. long, margins glabrous or ciliolate. Corolla short
campanulate, tube (1.2-) 1.5-2 (-2.5) mm. long, lobes 4. imbricate in the
bud, broadly ovate, rounded, (1-) 1.5-2 (-2.5) mm. long. Stamens 2,
subsessile near the middle of the corolla tube; anthers 1-2 mm. long in
hermaphrodite flowers and 1.5-2.2 mm. long in male flowers, broadly
elliptic to slightly ovate, apex rounded with a very slight, blunt (some-
times barely discernible) appendage. Ovary in hermaphrodite flowers
1.7-2.2 mm. long, triangular-flask shaped without differentiated style;
stigma terminal, more or less bilobed, 0.4-0.6 mm. long (Fig. 2,A); in
male flowers abortive, 0.3-1 mm. long, more or less conical, often' with a
slightly notched apex (Fig. 2,B). Drupe dark purple or black when ripe,
ovoid to ellipsoid, often slightly asymmetrical, 7-12 mm. long by 4-7
mm. broad, endocarp hard 0.2-0.7 mm. thick, sometimes slightly ridged.

Habitat: serpentine or ferruginous lateritic soils; river and stream



1963] GREEN, NEW CALEDONIAN OSMANTHUS 273

banks, thickets or heath, scrub, and forest; from sea level to 1000 m. alti-

tude.

Grande Terre: Montagnes de Balade, 1855-60, Vieillard 327, 872 & 874 (p)

;

Cap Tonnerre. 1861-67. Vieillard J23 Ibm, gh, p — as Osmanthus deplanehei)
;

am Fusse des Piton Pandop bei Koumac, 20 Feb. -1925, Daniker 1300 & 1325

(z) ; an der nordlichen Erhebung im Kaala Massif bei Koumac, 26 Feb. 1925,

Daniker 3087a and 19 May 1925, Daniker 3087 (z) ; Montagne de Temala pres

Galop 1861 (>7 ! u illatd 2002 (< n i » Ml I'muh i< on ids b< hw n I ,» r

Tipindje and Upper Kamendoua abo\ K\ u, 29 Aug. 1956, McKee 5169

(hull); slopes of Mt. Koniambo M Mai L956, I/(Ah~ 4263 (hull) and

4265 (a, hull); prope Wagap I ////,//«/ < li-«,tM LN im c. k, l, le, p) ;

Poya valley, road to Roches d'Adio, 18 Oct. 1956, McKee 5455 (a); slopes

along ocean, 13 miles southeast of Ponerihouen on route to Houailou, 5 Aug.

1952, McMillan 5213 (a, e) ; au point culminant de la route conduisant de

Bourail a Canala, (
> Mai 1869 Balansa 1221 (p) ; collines entourant la Baie

Duperre dans la rade de Canala, 2 Sept. 1869, Balansa 1682 (p) ; Kanala,

montagne du lac 1861-67 Vieillard 123 < a h, p) ;
I aula 23 Feb. 1912,

Sarasin 550 (z) ; rive de la riviere Toou'du baie le rupiti 1861-67, Vieillard

328 (a, bm, g, k, le, p); lie Grand Tupit 1861-1 « Blanche 432 (g) ; auf

den Bergen am Ngoye, 31 Oct. 1902, Schlechtei 15164 (isotypes of Notelaea

eucleoides: bm, e, k.'i.e, ysvv p. z) and 15106 (cm v ki, <.h, k, le, nsw, p, z)
;

Riv. Ngoye, 1914, Compton 2049 (bm, nsw) ; north bank of Tontouta River near

junction with Kalou ( I /-("( 19 : i\ . 1271 (hull)
; Upper Tontouta

Valley, near Mine Gallieni, 14 Oct. 1956, McKee 5447 (nsw)
;
auf der Sudwest-

seite des Mt. Humboldt und an der Tontouta, 2 Nov. 1924, Daniker 434 (z)
;

an der Kalouehola auf der Sudwestseite der Mt. Humboldt, 9 Nov. 1924, Daniker

434a (z) ; im Tale des vom Mt. Humboldt kommenden zuflusses der Kalouehola,

3 Nov. 1924, Daniker 468 (z)
;
am Abhang der Siidcrete des Mt. Humboldt, 6

Nov. 1924, Daniker 468a (z) ; Mt. Dzumac, Le Rat 155 & 1073 (p) ; bas du Mt.

Dzumac, 28 Apr. 1951, Guillawnin & Baumann-Bodenheim 12693 (a, z)
;
auf

den Huegeln bei Paita, 28 Sept. 1902, Schl . hi '
'

" (isotypes of Notelaea

collina: bm, e, k, le, nsw, p, z) ; auf den Bergen bei Paita, 9 Oct. 1902,

Schlechter 14976 ( j oi - ol Xo'eia a ma it ides bm, e, fi, gh, k, le, nsw,

p, z) ; le long des rivi eli I Nov. 192 Fram 05 (a, bri, e, k, nsw,

ny, z); ravin de la Couvalee, 1907, Le Rat 2842 (p) ; Mts. Kouvelee moyens, 9

M s i" I >iilla,i>>n« ,', ^umann-r.nd.nham 1 V)fin Uo, ' r0S~ <
r
r J ,170

(a, z); Dumbea, Le Rat 2385 (a) & Sept. 1909. Le Rat 924 (k, le, p) ;
rives de

la Dumbea audesstu de Koe. 1S6S Balansa 531. ( lf p), 131a (a, p) & 1220

concession Werquin, Haute Dumbea branche Nord, 29 Nov. 1942, Virot 903 (a)
;

Dumbea valley, north bank. 8 May 1955. McKee 2477 i'hlll); vallee de la

Dumbea-Nord 14 Mar. 1 I, Hurl nann 1041 (a, z)
;
pente N. des montagnes

entre le Pic de Casse-Cou et la Dumbea, 7 Mar. 1951, Hurlimann 1014 (a, z)

;

massif du Tchingou entre P 743 et P 1187, 17 Apr. 1951, Hurlimann 1214 (a, z)
;

plaine de I'Odjijoni, 2 June 1951, Hurlimann 1457 (a, z) ; chaine du Mont
Podchoumie, 27 July 1951, Hurlimann 1626 (a, z) ; bas de l'Oua Tilou, 13 Apr.

1951. Guillaumin & Baumann-Bodenheim 12304 (a, z)
;
route vers la Montagne

des Sources, 5 Dec. 1950, Hurlimann 248 (a, z) and 28 Jan. 1956, McKee 3868

(hull, k); Crete am Mt Koghi I Feb. 1926, Daniker s. n. (z); summit ridge

of Mt. Koghi, 25 Feb. 1956, McKee 4008 (a, k) ;
crete au SW. du Mt. Bouo

(Koghis), 6 Nov. 1951, Baumann-Bodenheim 15808 (a, z) ; crete au SE. du Mt.
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Bouo (KoghisL 20 Apr. 1951. GuUlaumin & Baumann-Bodcnheim 12565, 12629
& 12631 (a, z); a 1'Est de la Conception, Dec. 1868, Balansa 1220a (p) ; Mt.
Dore. 1801 67. Yicillard 228 (on) and 1 May 1955, ,1/rAVc 2457 (hull);
pente N. du Mt. Dore. 8 Nov. 1950. Guilhuimin & Baumann-Bodcnheim 7861 &
7871 (a. z); versant E. du Mt. Dore, 21 Mar. 1951, GiiiUaumin & Baumann-
Bodcnheim 11558 & 11557 (a, z); vallee de la Poueta Koure, 26 Aug. 1950,
Iliirlimann 21 & Baiimann-Bodenheim 5750 Yr 5754 (a, z); Col de Volcain, 11

Nov. 1950, Baumann-Bodcnheim 8054. 8085, 8159, 8102. 8165, 8167 & 8267
(a, z) and 24 Sept. 1951. Baumann-Bodcnheim 15542 (a, z)

;
sur la Riviere

Mil I ! I
i , , ,

/" /

(a, z)
;
bord du Marais Kiki t> i pi i

i /'m/im an Botlcuhcim < / i

<

Mt. Kafeate, 22 Dec 1950 (/» / < n ,
',<,

, n ,',•',
, n <

i
•

9695 (a, z)
;
Col de Plum, 22 Aug. 1950. Baumann-Bodcnheim 5535, 5554 & 5599

(a, z); vallee superieure de la Riviere des Pirogues, 29 Mar. 1951, Guilhuimin &
Baumann-Bodcnheim 11605 (A. z); crete ou SW. du P 247 (W. de la Baie des
Pirogues), 17 Dec. 1950, Ilurlimann 380 (a, z); Ria de Pirogues, Oct. 1923,
White 2184, 2200 (a. hri. k) & 22^7 (a, bki. k, o, p) ; Baie du Carenage, 22 July
1952, McMillan 5152 (a, f. ) ; Le Carenage. 8 Apr. 1955, McKee 2370 (a, hull,
nsw); Col d'Amieu, 15 Aug. 19.^0. Baumann-Bodcnheim 5468 (z); Champ de
Bataille in Tale des Ngo, 15 Oct. 1924, Ddniker 346 (z); Prony, Sept. 1913,
Franc 1537A (a, bri, ny. z), Mar. 1914, Franc 114 (a, hm'. bri, e,' k, le. nsw!
ny, o, p, z) & 114 A (a, bm, gh, ny. p, z) and 20 Jan. 1916. Franc 2011 (p);
Baie de Prony. Sept. 1910, Godcfroy 180 (p); Baie du Sud, 1903, Le Boucher
1508 (nsw); Val Suzon, 80 July 1980. Franc 2480 (a, bri, e, k, nsw, ny, z)

;

Yate, 16 Mar. 1912. Sarasiu 659 (p. zi; Plaine des Lacs und oberen Yate, ges'.

im Yatetal, 8 Oct. 1924, Ddniker 255 (z); in der Plaine des Lacs. 12 Oct. 1924.
Ddniker 297 (z); beim Lac en 8. Plaine des Lacs, 12 Oct. 1924, Ddniker 504
(z). Without localily: Baudouin 654 (pi

Kay 26 (p), Pancher 114 (a, k, p) & s.n. ( ~i type collection, Xotelaca badula, p)

Isle of Pines: creek sur la pente S. du Pic Nga. 29 Mav 1951. Baumann-Bodcn-
heim 13691 (A, z); tlanc NE. du Pic Nga, 1 June 1<>51. I'aumann-Bodenhcm
13842 (a, z).

The reduction of so many species to synonymy may at first appear
somewhat drastic but from a thorough study of the numerous collections
which have been assembled ami cited above, I am convinced that they all

represent facets of one and the same species.

When the dowers of each individual specimen were examined it soon
became apparent that they were androdioecious, a condition also found
in all the species of Section Osmanthus and in some species of related

genera (e.g. Olca dioica). In the hermaphrodite flowers the ovary is fully

developed and topped by a bilobed stigma (Fig. 2.A) whereas' in those
which are functionally male it is much smaller, more or less conical and
lacks the stigmatic lobes (Fig. 2,B). Nor is the sex difference confined
to the ovary alone for measurements were made of the length of the anthers
and it was found that whilst the sizes for the two sex forms overlapped,
those for the functionally male flowers were larger on the average (for

dimensions see the description above). In all some 68 different collections

bearing flowers were examined and of these 32 were hermaphrodite and
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36 male; from this it may be safely assumed that the two forms occur

in equal numbers, as might perhaps be expected. The failure to recognize

that the ovaries of the type specimens of Osmanthns austro-caledonicus

and 0. vaccinioides were the abortive ovaries of male flowers led to their

being contrasted with the larger functional ovaries possessing distinct

stigmatic lobes in specimens named 0. badula and O. eucleoides. Guil-

laumm in the Key presented in his Flore de la Nouvelle-Caledonie (p.

284) uses stigma size to separate these species. If, however, in the light

of the occurrence of androdioecism, one discounts these differences then

one is left with two instead of four possible species, and these are distin-

guished by leaf shape.

The diagnostic value of leaf shape was therefore considered, and the

numerous collections cited above were analyzed for leaf length, breadth

and outline. It soon became evident, as was suspected from a purely visual

appraisal, that continuous variation exists between the two extremes of a

very narrowly elliptic leaf on the one hand and a narrowly ovate to obo-

vate outline on the other. Measurements of leaf length and leaf breadth

for each collection when plotted in the form of a frequency histogram

showed a normal variational spread (Fig. 3). Nowhere could the material

be separated into discrete groups and the separation of species by leaf

shape alone was found to be purely artificial. The specimens were also

examined for other possible characters which could perhaps be used for

the differentiation of separate taxa, e.g. characters of the petiole, leaf

apex, base and venation, inflorescence and flowers, but nothing was found

to justify any subdivision of the material. In tact, apart from andro-

dioecism the flowers throughout were identical, which in itself is strong

evidence that one is dealing with a single species.

Measurements of a leaf length-breadth factor (the length divided

by the breadth) were plotted in the form of a frequency histogram (Fig.
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4) and it was seen th;it i 'lativeb i'eu pocimens with proportionately

broad and long leaves (Fig. 5,A) had been collected; generally they were

either long and narrow (Fig. 5,B) or short and broad (Fig. 5,C). This

observation led to an examination of the field notes accompanying the

specimens and it was found that wherever the habitat was mentioned, the

long ;uid i.'ii .i Caved ;p < mini in almost all cases, came from the

banks or margins of streams, rivers, mountain torrents, etc., whereas most

of those with the shortest and broadest leaves came from heath, maquis,

scrub, forest, etc. This raised the question whether the narrow leaves

might be an adaptation to periodic immersion in swiftly flowing water;

in other words, could the plants be rheophytes? Van Steenis in an article

on rheophytes (Proc. Roy. Soc. Queensland, 62: 61-68. 1952) mentions

Notelaea from New Caledonia, and Schlechter in his account of the

vegetation of New Caledonia ( Hot. Jahrb. 36: 1. 1905) includes N. badula

as an interesting |mi < k t.u i n4k of river courses. In the introduc-

tory paragraph to the account of species he collected (Bot. Jahrb. 39:

228. 1907) Schlechter remarks that .V. badula. X. collina, and A7
, eucleoides

seek the banks of water courses whereas the other species (including AT

.

vaccinioides) are found in woods. Hut if, as 1 am convinced, one is deal-

ing here with a sing] peci md i i ten iphyllous only when growing

by the side of mountain torrents, etc., then one has a case of facultative

rheophytism. Although Dr. van Steenis informs me, in correspondence,

that in an overwhelming number of cases rheophytes are good species,

from the material examined in this revision, any separation, even at the

rank of variety, appears to be artilicia]. Facultative rheophytism would

infer that the stenophyllous habit was phenotypic and develops only where

the plant is subject to periodic inundation. Not only is it doubtful

whether a strong but intermittent current of water could produce such an

length/breadth facte
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effect but amongst the many collections examined one might reasonably

expect to find gatherings made from trees which bear more than one type

of leaf, where the lower branches only are subject to immersion. In no

case however, has such a condition been found in these collections. More-

over, there are occasional exceptions to the rule that the narrow-leaved

specimens have been collected from river banks, etc.: Baumann-Boden-

heim 8159 is perhaps the best, for it was collected in serpentine maquis

at the same locality and on the same day as numbers 8054, 8085, 8162,

8163, 8167 and 8267, yet it is the only one of these numbers with extremely

narrow leaves. Guillaumin & Baumann-Bodenheim 13066, 13072, 13085

and 13170 all exhibit very narrow leaves, yet for all of them the field notes

say "foret mesophile sur serpentine."

An alternative explanation was suggested by my colleague Dr. Lorin I.

Nevling who pointed out that stenophylly is one of the recognized features

of plants growing in serpentine soils, in temperate regions at least. Os-

manthus austro-caledonicus is a serpentine endemic. Could it be that in

New Caledonia the serpentine effect is more intense in some areas than in

others, due perhaps to severe leaching by the tropical rains, with the result

that stenophylly tends to be greater in some local areas than in others?

These areas might include those where the subsoil was continuously dis-

turbed or exposed (such as river and stream banks), or the effect might be

due to differences in the size of soil particles with all the physico-chemical

effects that might be attributable to this (and on a stream bank the per-

centage of coarse soil particles is greater than in undisturbed soil). Most

of the literature on the vegetation of serpentine soils deals with that of

the temperate regions of Europe and North America and no published

observations have been found to support the hypothesis that a differential

effect on leaf shape based on edaphic factors may be found within a ser-

pentine endemic. The problem of 0. austro-caledonicus calls for studies

in the field combined, if possible, with transplant and other experimental

techniques.

The original holotypes of Schlechter's species were presumably de-

stroyed in Berlin during the Second World War but fortunately duplicates

of his collections were widely distributed and many isotypes are avail-

able. Neither has the holotype of Xot, i\

Vieillard in his protologue cites one gathering, Vicillard 333, the holotype

of which is suspected to be in the herbarium at Caen in Normandy; how-

ever, three duplicates have been examined in the course of this investiga-

tion. Although he only cited one gathering Vieillard must have examined

other material as well when he drew up his description, for the flowers

of Vieillard 333 prove on examination to be functionally male whilst in

his description he includes references to the style, stigma and fruit. No
actual specimens or collections are cited for N . badula but an unnum-

bered specimen at Paris collected by Pancher in 1862 is annotated as

"type collection." No locality is given, only "Massifs de la Caledonie et de

l'lle des Pins" in Pancher's hand, together with "Olea convoluta de la

, r lie u
J

i t t i des ft 11 ^rbre de 5 metres, cime arrondie, dense.
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Fleurs blanches, Juin-Septembre, selon les localites. Bois tres dur." Some
of these phrases appear in the protologue and even though this may per-

haps not be the type, since the epithet is attributed by Pancher to Vieillard,

who does not appear to be associated with this specimen, and since as

its flowers are functionally male it bears no fruit (as described in the

protologue), it may nevertheless be taken as authentic and used to indicate

the proper application of this name.

Finally, one or two specimens (e.g. Daniker 8087 and McKee 2370)
may be slightly confusing at first sight as they bear galled flowers in

which the bud is attacked and never opens. The corolla tube enlarges and
lengthens considerably and presumably persists, for some specimens show
both fruit and galled flowers.

2. Osmanthus crassifolius Guillaumin, Mem. Mus. Hist. Nat. Paris

II (B). 4: 48. 1953; Virot, Veg. Canaque 218. 1956.

Evergreen glabrous shrub 5 m. tall. Leaves glabrous; petioles 3-4 mm.
long; lamina coriaceous broadly elliptic, 2.8-4.2 cm. long by 1.7-2.5 cm.

broad; margin entire, slightly thickened and recurved; apex short acumi-

nate; base attenuate into the petiole; venation more or less reticulate

below, primary veins only visible above, 7-8 per side. Inflorescence axil-

lary, decussate, 1.5-2 cm. long, 7-flowered, with a single terminal flower,

glabrous; bracts linear-triangular 1-2 mm. long. Flowers androdioecious,

white; pedicels 1-2 mm. long. Calyx glabrous 1.5 mm. long, lobes 4, blunt,

broadly triangular, 0.8-1 mm. long, margins glabrous. Corolla short cam-

panulate, tube 1.5 mm. long, lobes 4, imbricate in the bud, broadly ovate-

rounded, 1.5 mm. long. Stamens 2, subsessile near the middle of the

corolla tube; anthers 1.4 mm. long in a male flower, very broadly elliptic,

apex rounded with a very slight blunt appendage. Ovary not seen in

hermaphrodite flowers, in male, abortive, 0.4 mm. long, slightly conical.

Drupe unknown.

Habitat: Serpentine, maquis, 1400 m. alt.

Arete meridionale du Humboldt, 12 Dec. 1940, Virot 339 (holotype, p).

Osmanthus crassifolius is retained as a distinct species in this revision

with a considerable measure of doubt. It is very similar to O. austro-

caledonicus but in vegetative morphology it lies just outside the range of

variation of this species and so until more material is available for study

it seems advisable to maintain its separate recognition. In characters of

the inflorescence and flower, however, there appears to be no differentiation

at all; yet such a difference might reasonably be expected in two distinct

The type, Virot 339, was collected at an altitude of 1400 meters which

is comparable with that for Osmanthus monticola and some 400 meters

higher than any recorded altitudes for O. austro-caledonicus, although

from the localities it is suspected that some Daniker specimens of the lat-

ter species may have been collected from above 1000 meters. It is possible

that the thicker, broadly elliptic leaves are a response to altitude or,
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alternatively, that hybridization may occasionally occur between 0. austro-

caledonicus and 0. montkola. Both species grow on Mount Humboldt and

whilst the suggestion of hybridization, when so little is known about the

species, is almost too facile a hypothesis, in leaf characters the type of

O. crassijolius, the only known specimen, is intermediate between the two

The collection of Virot. however, is

two others have been collected from !

represented in the herbaria of the Arnold Arboretum and Zurich: Baumann-
Bodenheim 15361 (western summit of Mt. Humboldt, 1400 m. alt., 20

Sept. 1951) and Hurlimann 1652 (slope to the N. E. of summit of Mt.

Mone (Koghis), 1060 m. alt., 28 July 1951). These also show some-

what intermediate characters. In the former the leaves (3 to 6 cm. long)

are too short to be Osmanthus montkola, and the remains of an inflores-

cence rachis shows bracts like those in O. austro cah lonicus, but the tex-

ture, shape, and general appearance of the leaves with their short acumi-

nate apices is very strongly reminiscent of O. montkola. It is interesting,

too, that on one of the sheets of Daniker 468 (z), here named O. austro-

caledonicus, there is one small shoot which does not conform with the

rest of the material under this number, yet is an exact match for part of

Baumann-Bodenheim 15361. It is perhaps also significant that this sheet

is an obvious mixed collection since the remainder of the material con-

tains both sex forms and was, in consequence, named O. eucleoides in

part and O. vaccinioides in pari by Knoblauch in 1935. No altitude is

given for the gathering but it was collected on the slopes of Mt. Hum-
boldt. The other anomalous specimen, 11 ihiinumn 1652. was collected on

Mt. Koghis, from which O. montkola has not been collected, and from as

low as 1060 meter:, However, although the .mallei leaves resemble the

short broad-leaved expn ion of < omt /. m th Ian; n

(up to 6 cm. long) are broadly elliptic, and thick in texture, resembling

small leaves of O. montkola. It also bears very immature inflorescences

(with large brads which when mature may well be subfoliaceous) which

certainly resemble immature inflorescences of O. montkola rather than of

O. austro-caledonkus.

Clearly more collecting, mindful of the variation and altitudin I \: n e

of the known species, is required to elucidate the (rue status and exact

differentiation of Osmanthus crassijolius.

3. Osmanthus monticola (Schltr.) Knoblauch, Repert. Sp. Nov. 41:

152. 1936; Guillaumin, Bull. Soc. Bot. France 89: 232. 1942, Fl.

Nouv.-Caled. 283. 1948, Mem. Mus. Hist. Nat. Paris 11(B). 4: 49.

1953, ibid. 8: 161. 1959; Virot, Veg. Canaque 218. 1956.

Notched monticola Schlechter, Bot. Jahrb. 39: 229. 1906. Guillaumin, Ann.

Mus. Col. Marseille II. 9: 192. 1911 et Bull. Mus. Hist. Nat. Paris 18: 40.

1912.

CivDiarliiCti moiilicol,/ (Scblir, i 1, Johnson, (,'outr. New '- ; Wales Natl. Herb.
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Evergreen shrub or tree, 1-10 m. high; branches glabrous or minutely

puberulous when young. Leaves glabrous; petioles stout 3-7 (-10) mm.

long, glabrous or minutely puberulous when young; lamina very thick,

coriaceous, pale beneath and dark above even when dried, elliptic to

broadly elliptic (4.5-)6.5-9(-12.5) cm. long by (1.5-)2-4.5(-6) cm.

broad; margin entire, somewhat thickened, more or less recurved; apex

acute, short, very short acuminate or subapiculate ; base attenuate into

the petiole ; venation with reticulations more or less visible, primary veins

visible above and below, 6-7 (-10) per side. Inflorescence axillary, decus-

sate, 2-4.5 cm- long, (7-)9-13-flowered, with a single terminal flower,

minutely puberulous; bracts ovate to lanceolate or elliptic, subfoliaceous,

(2-) 3-5 (-12) mm. long, more or less persistent (Fig. 1,B). Flowers

androdioeceous, white; pedicels 2-5 mm. long. Calyx minutely puberulous

or glabrate, 2-2.5 mm. long, lobes 4, bluntly and broadly triangular, 1-1.5

mm. long, minutely ciliolate. Corolla short campanulate, tube 2.5-2.8 mm.

long, lobes 4, imbricate in the bud, broadly ovate-rounded, 1.6-2 mm.

long. Stamens 2, subsessile near the middle of the corolla tube; anthers

about 1.5 mm. long, in hermaphrodite flowers and 2.5 mm. long in male

flowers, broadly elliptic to slightly ovate, apex with a barely discernible

appendage. Ovary in hermaphrodite flowers 2.5 mm. long, triangular-flask

shaped without differentiated style; stigma terminal, more or less bilobed,

0.5 mm. long; in male flowers abortive, 1-1.2 mm. long, slightly conical.

Drupe ovoid-ellipsoid, 11 mm. long by 8 mm. broad (Baumann-Bodenheim

15481) ;
endocarp hard, 1 mm. thick.

Habitat: Serpentine soils, rocky maquis or hygrophilous forest, mon-

tane, 1100 to 1600 m.

Auf den Abhangen des Mt. Humboldt, 16 Nov. 1902, Schlechter 15315 (iso-

types: bm, e, k, le, p, z) ; arete meridionale du massif du Humboldt, 12 Dec.

1940, Virot 426 (a); crete S. et sommet secondaire du Mt. Humboldt, 23 Sept.

1951, Baumann-Bodenheim 15481 & 15523 (a, z) ; crete ouest du Mt. Humboldt,

19 Sept. 1951, Baumann-Bodenheim 15344 (a, z) ; a l'ouest du sommet du Mt.

Humboldt, 21 Sept. 1951, Baumann-Bodenheim 15433 (a, z) ; Mt. Mou, Aug.

1908, Le Rat 203 (p) ; sommet du Mont Mou, 13 Mar. 1951, Guillaumin &
Baumann-Bodenheim 11238 (a, z).

Quite distinct from Osmanthus austro-caledonicus, this species is known

only from higher altitudes on two of the higher mountains towards the

southern part of the island. O. crassijolius, and the two specimens discussed

under it, blur the differences between O. monticola and O. austro-cale-

donicus, whilst the great range in leaf variability in this last makes it

difficult to distinguish and use diagnostic vegetative characters in a key

for specific identification. The flowers of O. monticola are much larger

in their various parts and the subfoliaceous bracts of the inflorescence

give a ready character for differentiation, but even in purely vegetative

specimens its leaves are distinctive. They are broadly or very broadly
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elliptic and generally longer limn those of 0. austro-caledonkus. The
leaves are also very much thicker in texture than 0. austro-caledonkus,
and in contrast to this very variable species, are remarkably uniform in
general shape, texture, and dimensions.

Schlechter in his protologue describes this species as a tree 10 m. tall

but Virot (La Vegetation Canaque, 218. 1952) classifies it as a nano-
phanerophyte and, in the field notes accompanying his specimen number
426, describes it as a shrub 1 in. high. The recent collections of the 1950-
52 Franco-Swiss Expedition, whilst indicating a height of as much as 4 m.
for one of the gatherings (Baumann-Bodenheim 15344), state that two
others are only 1 m. high. However, like the Virot specimen, they are
mature enough to bear flowers and fruit. Within its family, the Oleaceae,
this species is somewhat unique in reaching maturity at so low a stature
yet with such relatively large leaves, but as a New Caledonian serpentine
endemic it is probably no more remarkable in the field than many other
unrelated plants growing together in the same vegetational communities.

4. Osmanthus cymosus (Guillaumin) P. S. Green, comb. nov.

Notrhwa? cymosa Guillaumin. Hull. Soc. Hot. France 89: 282. 1943 et Fl.

Nouv.-Caled. 2&.1. 1948; Johnson, Contr. New S. Wales Nad Herb 2-

411. 1957.

Shrub (?) or small tree (?); branches minutely puberulous when young,
later glabrous. Leaves glabrous; petiole 2.5-3 cm. long, glabrous or
minutely puberulous when young; lamina thickish, broadly elliptic or
almost narrowly ovate, 6.5-1 1 .5 (-16) cm. long by 3.5-5.5 (-7.5) cm.
broad; margin entire, very slightly thickened, flat; apex rounded-obtuse;
base attenuate into the petiole, more or less obtuse; venation more or less

reticulate above and below, with 8-10 primary veins per side. Inflores-
cence axillary, decussate, 3-6 arising from 1-2 superposed buds, each
2.5-6 cm long slendei minute!} puberulous (5-)7-9-flowered, with
usually 5 flowers borne together terminally (Fig. EC); bracts ovate, 1

mm. long, early deciduous. Flowers androdioecious (?), pedicels 4-12 mm.
long. Calyx glabrous, 1-1.5 mm. long, lobes 4, blunt triangular, 0.5-1.7
mm. long, margins more or le - iliolate ' o oh hori eampanulate, tube
1.5-1.7 mm. long, lobes 4, imbricate in the bud, very broadly ovate,
rounded, 0.7-1 mm. long. Stamens 2, subsessile near the middle of the
corolla tube; anthers 1.6 mm. long in male flower, more or less orbicular,

i'"" io::.;..-o 'N' :
- '

, ibt i .Vi^iu'Egc i „ \ -,,id.

flower only examined) abortive, more or less conical, 0.5 mm. long. Drupe

Habitat: montane forest.

Mont Mi, 9 March 1869, Balansa 1222 (holotvpe (not seen] and isotype, p).

Most distinct because of its fasciculate inflorescence with slender rela-

tively few-flowered rachises and usually five flowers arising together ter-

minally (Fig. 1,C). The inflorescence is basically decussate as in the other
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species but the terminal subumbellate group of five pedicels would seem
to be a contraction of the apical group of three, together with the penulti-
mate pair normally (cf. Osmarithus austro-calvdoniais) borne below. The
large more or less elliptic leaves on relatively long petioles are also dis-

tinctive and it is a pity that for a more ample description and better assess-
ment of this species, more adequate material is not available, the species
having been collected once only, nearly one hundred years ago.

INDEX TO EXSK'CATAE

The list is arranged alphabetical!}r by the last name of the collector.

Numbers in parentheses refer to the corresponding species in the text.

Balansa 531. 531a, 1220, 1220a, 1221 12695. 13066. 13072. 13085. 13170
(1); 1222(4); 1682(1)

Baudouin 634 (1) llurlinKmn 21, 748. 580, 1014, 1041,
Baumann-Bodenheim 5468. i555. - • ! 1214. 1457, 1620 { 1 ); 1072 hinder

i ~>W •:•() ; w 02'Jl S054 ,S0S5 2)
S15'7 ,sin2 SI 6 : \ 1 o; \ V>; / ,v><;/ Kay 26 (1)
15S42 (I); 15344 (3); 15361 (under Le Boucher 1508 (1)
2); 15433. 15481, 15523 (3); 15542. Le Rat 155 (l); 203 (3); 924, 1073,
15808 (1) 2385, 2842 (1)

Compton 2049 (I i McKee 2370, 2457, 2477, 3271, 3868,
Diiniker 255. 297. 304. 346. 434, 434a, 1O08 120 !'(>; >loo, - 147 G'vT

468. 468a. 1300. 1325. 5087. 3087a. (1)

McMillan 5132, 5213 (1)
Deplanche 14, 432 (1) Pancher 114, s.n. (1)
Franc 114. 114A. 192. 1537A, 2011, Sarasin 550, 639 (1)

2405, 2480 (1) Schlechter 14834, 14976, 15164, 15166
Godrfrov 180 ( 1 i (1); 15315 (3)
Guillaumin & Baumann-Bodenheim Vieillard 228, 323, 327. 328. 333. 872,

7861. 7871, 9627. 9667. 9095. 10837, 874, 2062, 2861 (1)
10845 (1); 11238 (3'); 11338. 11357. Virot 339 (2); 426 (3); 903 (l)
11605. 12304. 12565, 12629, 12631, White 2184, 2200, 2267 (1)
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DESMODIUM: PRELIMINARY STUDIES— IV

Bernice G. Schubert

During the dozen years since the series Desmodium; Preliminary

Studies (Schubert, 1940, 1941, 1950) was interrupted it has been possible

for me to examine in some detail material of the species of several regions

(including central and east tropical Africa and Panama), to photograph

the types of many species, as well as to observe certain other species in the

field in various localities in Latin America. As a result, the long-term

project of a monographic treatment of Desmodium, though still a some-

what distant objective, now is more likely to be accomplished than it

has been at some periods in the past. To avoid bibliographic confusion

the series of Preliminary Studies will be continued and, as in the past,

will include taxonomic and nomenclatural notes best published as a

prelude to, rather than in, a floristic or monographic study.

In this paper there will be considered some problems concerning tropical

American and African species. Many of the problems necessitating these

notes arose during studies toward the preparation of a treatment of species

of Desmodium for the Flora of Panama, others for the Flora of East Tropi-

cal Africa. Some of the conclusions presented here are, however, correc-

tions of previous misinterpretations now clarified by a study of the types.1

The genus Desmodium, widespread and consisting of a large number

of species, is distributed throughout most tropical and temperate regions

of the world. One of its great centers of distribution is in Mexico where

there is perhaps the largest number of species with the most diverse de-

velopment of plant parts. The habit may vary from delicately herbaceous

to tall frutescent or subarborescent. Each of the organs also has a wide

range of diversity, probably the most conspicuous being in the Ioment.

^he studies on which this paper is based (including the photographs taken in

European herbaria) were carried on largely while I was a fellow of the John Simon

Guggenheim Memorial Foundation (1950-51) and, to a lesser extent, during a trip

sponsored by the Gray Herbarium of Harvard University (1946), and during a period

in Belgium (1951-^ M mil i i I « i m. ii i u. ulnm i i ill ' Konomic Coopera-

tion Administration under the auspices of I.N.E.A.C. at the Jardin Botanique de l'Etat

in Brussels. Field observations in Latin America were made during various collecting

trips while conduclim . |e< i i botanist, for the New Crops Research Branch,

Agricultural Research Service, U. S. Department of Agriculture and the National Heart

Institute, National Institutes of Health.

To the friends and colleagues who facilitated field work and library studies and in

various ways disposed of numerous difficulties I am most appreciative. To the directors

and curators of the institutions in winch 1 was able to study and take photographs and

to those who kindlv made material available on loan I an \irem. . i i d I n<

1,1, I. Mil I

,/,'",,,- Ill
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Fig. 1. Holotype of Hedysarum axillarc Sw., X V2.
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The characters of the inflorescence and loment offer the best means for

distinguishing species, as well as the best clues to discovering their rela-

tionships. Among the Mexican species of Dcsmodium, sensu lato, there

are at least three subgenera. The species treated by Schintllcr as Meibomia,
schsu stricto, would form the largest subgenus (although unfortunately in

the subgeneric category this name will probably not be available). As a

unit this group of species is composed of two sections, each of which
contains several easily recognizable species groups probably best designated

as series. The subgeneric classification will be considered in detail in a

later paper. It is interesting to note, however, that within the two sections

distinguished by characters of the inflorescence there are several occur-

rences of parallel development in the modification of the loments.

In tropical Africa, although many subgeneric categories of Dcsmodium
are represented, there are many fewer species and far fewer species groups

(Schubert, 1952, 1954). Endemics do occur, but there seems to be a

much lower level of development in the genus in Africa than in America,

and there are scarcely any unquestionably native species which have
American relatives.

In Asia the genus reaches a far more interesting level of development
with large numbers of species showing much diversity and modification.

The Section Podocarpii/m Bentham (Isely, 1951) has three representa-

tives in eastern North America. Also many of the widespread tropical

species have an Asiatic origin.

DESMODIUM AX1LLARK AND ITS VARIETIES — A CLARIFICATION

In tropical America Dcsmodium axillarc is widespread and well known.
It extends from southern Mexico through Central America, the West In-

dies, and at least the northern half of South America. The confusion which
has surrounded the definition of its varieties is largely the result of insuffi-

cient knowledge of the types.

Desmodium axillare (Svv.) DC. Prodr. 2: 333. 1825.

Var. axillare

J; Fl. Ind. Occ. 1274. 1806. Holotype,

Meibomia axillaris (Sw/) O. Ktze. Rev. Gen. PI. I: 195. 1891.

D. axillarc ( Sw/) DC. var. a. ^eniunum Urb. Symb. Antill. 2: 505. 1900.

Xcpliromeria axillaris i
.
Sw. ) Schindl. Repert. Sp. Nov. 20: 284. 1924.

Meibomia axillaris ( Sw .
i ( ). Ktze. var. «. obtusijoliola 0. Ktze. Inc. tit. Holo-

type, Cayey, 2000'. Portorico, Mar. 1S74, Kuntze (ny; ch, negative no.

4022).

D. axillarc (Sw.) DC. var. a. obtusijoliola (O. Ktze.) Urb. op. tit. 4: 291.

Ncphromcria axillaris < Sw.) Schindl. var. a. obtusijoliola (O. Ktze.) Schindl.
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Hedysarum reptans Poir. in Lam. Encyc. Meth. Bot. 6: 422. 1804. Holotype,

Santo Domingo, Dcsportcs Cp-ju. no. 15.543; oh, negative no. 8190).

Meibomia reptans i \>ii ' ' r ibid 19S

D. ra&aw Mad i I 1/1 mi I 269 1S37 >ased on Hedysarum axillare Sw.

Meibomia andina Ru 1,n ' .m mrre\ Club 3: 21 18 ( >3, /»ro £arre\ as to

isotypes (gh. mo. is), not as to holotype (xv), Yungas. Bolivia. /itm.i,' 650.

The typical variety of Dcsmodium axillare, based on Hedysarum axillare

Sw.. has been recognized by authors under various epithets. It should

now properly be called var. axillare "without citation of an author's

name/' 2 It was possible to stu 1} th< iol< I pi oi I dysarum axillare Sw.

at the Regnellska Typherbariet of the Botanical Department, Naturhisto-

riska Riksmuseum, Stockholm, and a photograph of this specimen is re-

produced here (Fig. 1). A specimen in the British Museum (Nat. Hist.)

annotated b\ Schiiicllei as "probably the type specimen of Hedysarum

i I, [c Sv hi 1 ( .in eUp-MGu o' l H \ in 77 (l 4) but the specimen

from Swartz's herbarium should be accepted as the holotype. Schindler

cam' lo lln' viiiii mucin inn 'iter he had annotated the sheet in the

British Museum (probably in 1922), for in his bibliographic study on

Desmodium [Schindler, 1928, p. 5, entry (356)] he noted "Or. in H.

Stockh. [var. obtusifoliola]."

From a study of material in Paris the conclusion in my earlier paper

(Schubert, 1941) to place // ly inn fj 'oris in the synonymy of this

variety, is confirmed. The holotype of H. reptans Poir., a specimen col-

lected by Desportes, is in the Herl ier Jussieu (p-ju) of the Museum

National d'Histoire Naturelle. Another specimen, in the Herbier Generate

(p) of the same museum, also determined as H. reptans, is var. stoloni-

jerum (var. sintenisii) . A photograph of Poiret's type is reproduced

here (Fig. 2).

r
ar. acutifolium (O. Ktze.) Urb.

D. axillare (Sw/) DC. var. ,i, acutifolium (0. Ktze.) Urban. Symb. Antill. 4:

292. 1905. Holotype, Panama. Colon. June 1874. Kuntze (xv; GH, negative

no. 6273).

Meibomia axillaris (Sw.) O. Ktze. var. /3. acutijolia O. Ktze. Rev. Gen. PL 1:

195. 1891.

Nephromeria axillaris (Sw ) Schindl. vat (S acutijolia |as "acutifoliola"
|

(Urb.) Schindl. Repert. Sp. Nov. 20: 284. 1924.

D axilla', l-v, i
" „ , .»,/ tan,. I ih op ,u 2: 0^ l'KK)

D axillae, ( Sv ) DC var ji. angustutum L.'rb f robusiin d> lot cit J o-

i
» k i) t l. ii j.iillo

T

Otlt K ( , / < 'O '" I. II

D. axillare (Sw.) DC. var. p. acutifolium (O. Ktze.) Urb. f. robustius (Urb.)

Urb. op. cit. 4: 292. 1905, based on D a ilia re i d angustatum f. robus-

Nephromeria axillaris (Sw.) Schindl. var. jS. acutijolia (Urb.) Schindl. f.

robustior (Urb.) Schindl. loc. cit.

Hedysarum oblongifolium Bertero ex DC. Prodr. 2: 332. 1825, pro syn.

2
Int. Code of Bot. Nomenclature, 1961. Article 26.
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D. oblongijolium Bertero ex DC. loc. cit.

Meibomia mnbrosa Britt. Bull. Torrey Club 37: 353. 1910. Holotype, Troy,

Jamaica, Sept. 13-18, 1900 Brit ton 444 i ,\ cm ncgativ< no (, 03)

Meibomia prorepens Blake. Contr. U. S. Nat. Herb. 24: 6. 1922. Holotype,

Los Amates, Dept. Izabal. Guatemala, May 29, 1919, S. F. Blake 7718 (us;

In my earlier treatment (p. 79) I placed (with some doubt) the names

Hedysarum stolonijerum Rich, ex Poir. and Desmodium stolonijerum

(Rich, ex Poir.) Steud. in the synonymy of var. acutijolium, following

Schindler, who treated Desmodium axillare as a Nephromeria and made

the required combinations. Examination of the type shows that in this

.instance Schindler was in error and that the epithet stolonijerum must be

taken up for var. sintenisii. The question will be discussed under that

variety. I also noted in my earlier studv (Schubert, 1941, p. 86) that

Schindler placed D< ( and ll< name, D. spirale (Sw.) DC, var. /?. stoloni-

jerum (Rich, ex Poir.) DC. in the synonymy of D. wydlerianum Urb.

DeCandolle's material in Herbier DeCandolle of the Conservatoire et

Jardin Botaniques, Geneva, is D. wydlerianum, but it is the Richard ma-

terial in Herbier Jussieu, Paris, which must be taken as the type.

iferum (Rich, ex Poir.) comb. nov.

ch. ex Poir. in Lam. Encyc. Meth. Bot. 6: 421.

Richard (p-ju, no. 15,570; ch, negative nos.

8191 a, b, c, d).

D. spirale p. stolonijerum (Rich, ex Poir.) DC. Prodr. 2: 333. 1825.

D. stolonijerum I Rich e Poh i Steud. Nomencl. ed. 2, 1: 496. 1840.

D. axillare var. y. Sintenisii Urb. Symb. Antill. 2: 303. 1900. Lectotype,

Sierra de Yabuu) in \l\) i> nine* i monu IYito I iido. Smtenis 2781

(ch).

Meibomia Sintenisii (Urb.) Britt. in Britton & Wilson, Sci. Surv. Porto Rico

& Virgin Isl. 5: 402. 1924.

Nephromeria axillaris (Sw..) Schindl. var. y. Sintenisii (Urb.) Schindl. Repert.

Sp. Nov. 20: 284. 1924.

D. axillare var. Sintenisii sensu Schubert, Contr. Gray Herb. 135: 84-86, pi. 1.,

jigs. A 1-7. 1941.

Meibomia albida Blake. Contr. U. S. Nat. Herb. 24: 5. 1922. Holotype,

Quebradas, Dept. Izabal, Guatemala, Blake 7510 (us; gh. isotype and nega-

tive no. 7510).

As noted under var. acutijolium the epithet stolonijerum must be taken

up for var. sintenisii, not as earlier supposed for var. acutijolium. The type

material of Hedysat tolonijerum in Herbier Jussieu docs not have

long, spreading pilosity on the stems, nor leaflets velutinous beneath,

characters of var. acutijolium, but does have the characters of var. sin-

tenisii. Therefore, stolonijerum, a much earlier epithet, should be taken

up for the taxon in place of sintenisii. A photograph of the holotype and

enlargements of significant details are reproduced here (Figs. 3-6).



290 JOURNAL OF Till'. ARNOLD ARUOKHTLM



1963] SCHUBERT, DESMODIUM, IV 291

COMMENTS ON JUNGHANS' LIST OF THONNING'S

AND ISERT'S COLLECTIONS

A valuable addition to the many recent studies of African plants has

been made by Dr. Jens Junghans (1961. 1962) in his paper on Danish

collections in West rropical Aim;) in which he emphasizes the collec-

tion <>i I In ii in- ihi I

j
i an ! hi < i isi public itio i ol I um <

li< i

with its descriptions based on them. The purpose of the study was to

locale lh" type pecimens and give th pertinenl bibliographic refer-

ences. This has been carefully done and the paper should be a most

useful tool in worl treating African pi nl H hould be kept in mind

however, thai although new descriptions were formulated for many species

based on the collection.- of the Oanish botanists, Schumacher himself did

not consider all the species new, and. as a result, although the specimens

are the basis of hi> description the\ aie types only when they repre-

sent new species. An unfortunate omission in the paper, from the biblio-

graphic point of view, is that page references for descriptions of species

are made only to the "preprint" edition of Schumacher's paper. Junghans

notes in his bibliography that Schumacher's paper, originally published

in 1827, was republished in 1828 and 1829 (Schumacher 1827, 1828,

1829). He neglects to note however, that the preprint was differently

paged and that as a result authors may cite different page references for

the same names, depending on uliith coin < I the publication they have.

The table below will --how iuw gnat lh< discrepance may be. The first

column lists the species of Ilcdysarum in Junghans' paper, the second

column the page reference from Junghans and/or Index Kcwensis, and the

third column the page reference from Schindler (1928).

Reference to Schumacher Rcfereiin to Schuma ! i i

if, ,/vwm»i from Juntrhans and 'or IK from Schindler

deltoideum 361 135

fruticulosum 363 13/

granulation 362 136

lanceolatum 360 134

ovalifolium 359 133

pictum 364 138

rugosum 358 132

During my stay in Copenhagen T was able to study and photograph

, in U |
||, </, '

, um olleetion d< <rihed in S< humacher, and it

seems appropriate to equate the names under Hedysarum in Junghans'

list with the names in current use. Eight species of Hedysarum were

listed (pp. 350, 351). all of which are now maintained in other genera or

relegated to synonymy of species in other genera. T list here the names

from Junghans with their equivalents and in the following pages add

some relevant synonymy and discussion.

3 Xot in Index 1 , . • not cih I b\ Schindler.
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1. Hedysarum deltoideum Schum. & Thonn. in Schum. in Beskr.
Guin. PI. 361. 1827, 1 Danske Vid. Sel.sk. Naturv. Afhdl. 4: 135. 1829; 5

Junghans, Bot. Tidsskr. 57: 350. 1961 = Desmodium velutinum
(Willd.) DC.

2. Hedysarum fruticulosum Schum. & Thonn. in Schum. BGP. 363.

1827, DVS. 137. 1829; Junghans, ibid. 350 = Desmodium ramosissi-
mum G. Don.

3. Hedysarum granulatum Schum. & Thonn. in Schum. BGP. 362.

1827, DVS. 136. 1829; Junghans, ibid. 351 = Desmodium triflorum
(L.) DC.

4. Hedysarum lanceolatum Schum. & Thonn. in Schum. BGP. 360.

1827, DVS. 134. 1829; Junghans, ibid. 351 = Desmodium gangeticum
(L.)DC.

5. Hedysarum ovalifolium Schum. & Thonn. in Schum. BGP. 359.

1827, DVS. 133. 1829; Junghans, ibid. 351 = Alysicarpus ovalifolius
(Schum.) Leonard.

6. Hedysarum pictum Jacq. Collect. 2: 262. 1788, Icones 3: pi. 567.

1792; Willd. 3(2): 1204. 1802; Hornem. De Ind. PI. Guin. 23. 1819;
Schum. BGP. 364. 1827, DVS. 138. 1820; Junghans, ibid. 351 = Uraria
picta (Jacq.) Desv.

7. Hedysarum rugosum Willd. Sp. PI. 3(2): 1172. 1802; Hornem.
De Ind. PL Guin. 23. 1819; Schum. BGP. 358. 1827, DVS. 132. 1829;
Junghans, ibid. 351 = Alysicarpus rugosus (Willd.) DC.

8. Hedysarum umekosum Lsert ex Schum. BGP. 362. 1827, DVS. 136.

1829 (nomen nudum): Junghans. ibid. 351 = Desmodium velutinum
[?]
The species of this list are, in general, either of wide natural distribu-

tion, or introduced by various means throughout tropical areas of the

world. Since, therefore, they have been much collected and several have
been redescribed and renamed many limes from different regions, it seems
worthwhile to include what synonymy 1 have been able to check and to

effort toward eventual

Desmodium velutinum (Willd.) DC. Prodr. 2 : 328. 1825.

Hedysarum velutinum Willd. Sp. PI. 3(2): 1174. 1S02. Holotype, lib

13763 (b; gh, negative no. 8194).

Hedysarum lasiocarpum P. Beauv. 1-1. Oware & Benin 1: 32. pi. IS.

Lectotype, Palisot de tteanvois [in fruit] (c; a, photo, c no. 635;

|

in flower] g; a, photo, c, no. 633).

Desmodium lasiocarpum ( P. Ueauv. ) DC. ibid.

Hedysarum luti folium Roxh. Hod. Bengal. (Cat. Calc.) ed. Carey 57

nomen nudum, but based on Hardieicke. 1,301; Ker, Bot. Reg. 5:

and descr. 1819.

Desmodium lati folium (Roxh. ex Ker) DC. ibid.

i deltoides Poir. in Lam. Knevc. Suppl. 5: 15. 1817.

I ;.s I)\S
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Hedysarum deltoideum DC. Prodr. 2: 328. 1825 pro syn. Reference to

Poiret's species was made here, with a query, in the synonymy of Des-

modium lasiocarpum as "Hedys. deltoideum."

Hedysarum deltoideum Schum. & Thonn. in Schum. BGP. 361. 1827, DVS.

135 1829, based on Guinea: Aquapim [or Akwapim], Thonning [2 collec-

tions, one in fl., one in fr.] (c; GH, negative nos. 8192a, b, c, d). This seems

to be a redescription of Hedysarum deltoides Poir. presumably based on a

specimen "misit Vahl, 1804 e Guinea," labeled Hedysarum deltoideum

(p-ju, no. 15,578; gh, negative no. 8193).

Anarthrosyne cordata Klotzsch in Peters, Reise Mossamb. Bot. 1: 39, pi. 7.

Pseudarthria cordata (Klotzsch) C. Muell. in Walp. Ann. Bot S>st 7: 765

1868. There is no doubt about the plant concerned here, but the validity of

the combination is somewhat questionable.

Additional references to and synonyms of D. velutinum may be found in the

following papers: Schindler, A. K, [1925, p. 6; 1928, p. 28 entries (499)

and (692)]. Schubert, B. G. (1952, p. 294; 1954, p. 194). M. S. Knaap-

van Meeuuen n vlalaysia in Reinwardtia 6(3): 264. 1962.

[It should be noted throughout this last cited paper that references to

"Leon., Fl. Congo Beige 5: . .
." should be attributed to B. G. Schubert

rather than Leonard.]

.sissimum G. Don, Gen. Syst. 2: 294. 1832, non

Arechav. 1901; B. G. Schubert, Bull. Jard. Bot. Bruxelles 22: 293.

1952. Holotype, W. Trop. Air.: St. Thomas, G. Don (bm; gh, nega-

tive no. 7799).

Hedysarum mauritianum Willd. Sp. PI. 3(2): 1185. 1802. Holotype, hb

Willd. 13794 (b; gh, negative no. 8201) [ = D. canum (Gmel.) Scninz &

Desmodium mauritianum (Willd.) DC. Prodr. 2: 334. 1825. based on //.

InauntnniiHH \\ ilhL is to name but not as to plant.

[cschmomenc arborea Bleb e; IX ibid bn ?vh based on S,cbei /'/.

Maurit. exs. 155 (dupl. a)
;
presumal ly noi '. «hv,w,m ,u a, bo, ,o L

rj.dvannn hvtuvhsinn Si hum at Thorn, m ^ hum I *
? ,f> 1 1, I)

137. 1829, non Desv. 1826; Junghans, ibid. 350. Holotype, Guinea:

Aquapim, Thonning [with mss. no. 203, fl. & fr.] (c; gh. negative nos.

8202 a, b); another sheet, in fruit, coll. Thonning (c;_ gh, i.-.hu no

8202 c) is a probable isotype; a presumable isotype is in Paris "misit D.

Vahl 1804 e Guinea" (p-ju 15,580; gh, negative no. 8203). An Isert

collection cited by Junghans I have not seen.

, k > ., , •// {'." in. ..on (Schum.) Walp. Repert. 1: 737. 1842, based on the

preceding. The name Hedysarum fruticulosum Schum. & Thonn. in Schum.

is preoccupied by H. fruticulosum Desv. It is very frustrating not to know

the basis of the latter name. Desvaux said his plant came from Madagascar,

but the name seems neither to have been taken up by any later author nor

considered by Schindler who examined all the Desvaux material available.

Desmodium triflorum (L.) DC. Prodr. 2 : 334. 1825.

Hedysarum triflorum L. Sp. PI. 749. 1753. Holotype, Hedysarum no. 45

"Hedysarum 3-foliatum repens . .
." coll. Burmann (linn; a, photo.).
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Hedysarum granulation Schu

136. 1829; Junghans, ibu

negative nos. S204 a. b). A presumable isnlvpe is a sheet in Paris, sent by
Vahl in 1804 "e Guinea" (p-ju 15,576; on, negative no. 8204 c).

It is interesting that both the collection at Copenhagen and that at

Paris are annotated Hedvsorinu erannlijeruni in Schumacher's hand, but
the epithet under which the species was published is granulatum. Jung-
hans (p. 351) noted also that two sheets of Isert are this species. A very
curious fact overlooked by both Junghans and Schindler, and perhaps by
Schumacher, is that Bichler (p. 32, 1807) described Hedysarum granu-
Ujcrum in a doctoral dissertation in 1807, based on a Thonning collection

from Guinea. The dissertation was republished by Sprengel in the Man-
tissa Prima of Florae Halensis (Sprengel, p. 48. 1807), and the species

//. granulijerum was attributed to him in Index Kewensis. (For notes

concerning these two papers and the dates of publication sec Fernald,

1945.) What plant Eiehler had from Sprengel's herbarium, however, it

is hard to say. for he described it as having "pedunculis axillaribus uni-

floris, leguminibus monospermis." Schumacher described his plant with
"Racemus laterifolius. 4-6 florus. . . . Lomentum 2-7 articulatum, . .

."

It is possible that Schumacher knew of Bidder's publication and for that

reason changed the epithet of his species.

Desmodium gangeticum (L.) DC. Prodr.2: 327. 1825.

Hedysarum gangeticum L. Sp. PI. 746. 1753. Holotype, Hedysarum no. 13

"gangeticum 5" (linn; a, photo.).

Aesehinomene gauge tica (L.) Poir. in Lam. Encyc. Meth. Hot. 4: 453. 1798

|.-|, based on specimen in Lamarck herhariam (p-i.a; c.h. negative no
8200).

Pleurolobus gangetieus (L.) J. St. Hil. Nouv. Bull. Soc. Philom. 3: 192.

1812, Jour. Bot. 1: 61. 1813.

Meibomia ^angetiea <L.) t). Ktze. Rev. Gen. PL 1: 196. 1891.

Hedysarum ociiroleueum Mocnch. Meth. US. 1794. based on "Hedysarum
gangeticum L. lean. Burmann. Zeyl. Tab. 49. fig.

2." This seems to be a

simple renaming of the Limiaean Hedvsarum ^ngetieum. It has nothing to

'I" wiili ih.' la:ei
:

i
•.'!!

' Desmodium ochroleucum M. A. Curtis ex Canbv,
of eastern North America. Moench's name was prnperlv placed in svnonvmv
by DeCandolle (p. 52 7, 1S2 5).

Hedysarum maculatum L. Sp. PL 746. 1755. Holotype. Hedysarum no. 14

"maculatum 4 // Hedysarum eapparidis folio" (linn; A, photo.).

Aeschinomene maculata (L.) Poir. in Lam, Km we. Meih. Hot. 4: 452. 1798

[?], based on specimen in Lamarck herbarium (p-la; gii, negative no.

Pleurolobus maeulatus (L.) J. St. Hil. in Nouv. Bull. Soc. Philom. 3: 192

1S12. Jour. Bot. 1: 61. 1813.

Desmodium ^w^etieum var. maeulatum (L.) Haker in Hook. f. Fl. Brit. Ind.

2: 168. 1876; Hepper in Keav. 1 bitch. & Dab:. Fl. West Trop. Afr ed 2

1(2): 584. 1958.

Hedysarum colinum Roxb. Hort. Bengal. (Cat. Calc.) ed. Carey 57. 1814,

nomen nudum but based on Xalla-mandu, 1802.
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Hedysarum collinum Roxb. Fl. Ind. 3: 349. 1832; Wight, Icon. 1: pi. 272.

Hcdysanim lauceolatum Si hum & Thonn. in Schum. BGP. 360. 1827, DVS.

134. 1829; Junghans. ibid. 351. Holotypt Guinea: I honning [with mss.

no. 201, in fr.] (c; gh, negativi no 196 a b> pioh hi • isotype "e Guinea"

sent in 1804 hy Vahl fp-ju 15.577 ;gh. negative no -I" -

unodium Una ola urn ( chu i W'alp. Repert. 1: 737. 1842, non Schindl.

ex Gagnep. 1920.

Desmodium polygonoides Welw. ex Bak. in Oliv. Fl. Trop. Afr. 2: 161. 1871.

Holotype, Angola: highlands of Pungo Andongo, Welwitsch 2160 (bm; gh,

negative nos. 7802 a, b).

Meibomia polygonoides (Welw.) O. Ktze. Rev. Gen. PI. 1: 198. 1891, as

"polygonodes."

Desmodium cavalerien Leveille, Fl. Kouy-Tcheou 232. 1914. Holotype,

/. Cavalerie 3274 (e; a, photo.).

Desmodium gauge 1 1 urn i widespread polymoiphic species varying

considerably in habit and leaflel shape but not in its more significant char-

acteristics. I have cited above only those species for which I have seen

authentic material or a photograph, or purely nomenclatural synonyms

for which the basis is known. Additional synonymy which 1 have not yet

checked or of species from areas not yet studied may be found in Schind-

ler (1928) and Knaap-van Meeuwen (pp. 249, 250, 1962).

(Schum.) Leonard, Bull. Jard. Bot. Bruxelles

Leonard illustrated his full discussion of this species with a photograph

of the holotype and cited full synonymy, op. tit. The species has been

taken up in Desmodium as D. ovalijolium (Schum ) Walp. Repert. 1: 737.

1842 (which is a later homonym) and also as D. thonningianum Dietr.

Synop. P1.4: 1147. 1847.

Hcdxsanun ph-tiui [acq 'oiled
,

?62 1 - Icon . / 567. 1792; Willd.

Sp. PL 3(2): 1204. 1802; Hornem. De Ind. PL Guin. 23. 1819; Schum. BGP.

364 1827, D\S. 138. 1829; Junghans ibid > 1 Mo! pe Guinea: Isert

(w [fide Schindler]); isotype, Isert (c [fide Junghans]). Junghans also

cited a Thonniim collection (c).

Thb ,
loc.
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Alysicarpus rugosus (Willd.) DC. Prodr. 2 : 353. 1825; Leonard, Bull.

Jard. Bot. Bruxelles 24: 92. fig. 12. 1954.

Hedysarum rugosum Willd. Sp. PL 3(2): 1172. 1802; Hornem. De Ind. PI.

Guin. 23. 1819; Srhum |!(T 5S 1827 I)\S 152 1829; Junghans. ibid.

351. Holotype, Cuiiu\i: /serf, lib. Willd. (>; mv\. photo.). A presumable
isolvpe was sent to Paris by Vahl in 1804 d'-iu 15.575; git negative no.

8195).

This species was not considered new by Schumacher who cited the refer-

ence to Willdenow and included a transcription of Willdenow's diagnosis.

The species, with its synonymy is amply treated by Leonard, ibid.

Hedysarum umbrosum Isert ex Schum. BGP. 362. 1827, DVS. 136. 1829,
nomen nudum in not a; Junghans, ibid. 351.

Schumacher wrote, under Hedysarum dcltoideum that a sheet in Isert's

collection bears the name Hedysarum umbrosum, and that it might be a
variety of //. dcltoideum or the same thing. Schindler did not cite this

name, nor is it listed in Indiw A >ni I, i- ! , | „, t collection of Isert
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THE MORPHOLOGY AND RELATIONSHIPS OF CIRCAEASTER

The present morphological study of Circucastcr agrestis Maxim,

was initiated because this plant is another example, in addition to King-

donia. of an angiosperm with open rlicholum. n- \.-i.i'i«m. This type of

foliar vasculature is extremely iare in tl diioti l-'di ind \. -< i< mi

and phylogenetic significance raises vei nil • »lems which have

recently been discussed in detail (Foster 1959, 1961a, 1961b; Foster &

Arnott 1960). Throughout the long and vexed taxonomic history of

Circaeaster, little attention has been given to its dichotomous venation and

no attempt has been made to study possible fluctuations in the details of

this pattern or to determine the existence of anastomoses or blind vein-

endings. It is believed that the present study, based on the comparison of

a wide range of 1< il m iterial give ; fairlj accurate picture of the trends

of variation and demonstrates the often remarkable symmetry of the

dichotomous pattern of venation.

In addition to the study of foliar vasculature, an effort was made to

gain an accurate idea of the organization of the inflorescence and the

morphology of the flower. This aspect of my investigation, supplemented

by the embryological data provided by Junell (1931), has made it possible

to review critically the various ideas which :
i idvanced regarding

the systematic relationships of Circaeaster. It is my hope that the present

article may serve to stimulate renewed interest in such relic genera as

Kingdonia and Circaeaster and to demonstrate the fascinating evolutionary

and taxonomic problems illustrated by the morphology of these herbaceous

representatives of the Ranales.

DISTRIBUTION

The accompanying map (Fig. 1) reveals the extensive pattern of dis-

tribution of Circaeaster in Asia. Its present "range," to judge from the

herbarium collections which I have examined, lies roughly along a curve

extending from Kumaun Through the Himalayas, southeastern Tibet, and

northwestern Yunnan to

1 This portion of China corresponds a



western China. The extremely few collections from Nepal, Sikkim,

Szechuan, Kansu and Shensi do not necessarily indicate the in frequency

of the genus in these areas. Further botanical surveys will very probably

indicate a much wider and more continuous distributional pattern than is

shown on the present map. Throughout its area of distribution, Circaeaster

consistently occurs at relatively high altitudes which range from 8000-
9000 feet in Shensi. Szechuan, and Sikang to 11,000-12,000 feet in Yunnan
and Tibet. The highest altitude represented in any of the collections

studied was 14,000 feet in Bhutan.

The data included on many herbarium labels gives some idea of the

ecology of Circaeaster and the plants with which it is associated. It evi-

dently prefers moist, shaded environments and has been found growing
in habitats described as wet leaf mold under Rhododendrons; in the shade
of a damp cave associated with bryophytcs, Circaea alpina and other

plants; forming large colonies on dam]) soil under Hippophae; in open
fir forest, etc. Despite- its small size. Circaeaster must have considerable

charm and attractiveness in nature, as illustrated by notes from a collec-

tion of Polunin, Sykes, & Williams in Nepal: "Growing in shallow soil

on damp rock ledge. Stems pink. Leaves pale green. Filaments pale

green, anthers brown. Ovaries green, with white hairs, stigma brown."

"Tangut" by the Mongols, a fact which explains Maximowicz's (1881, p. 557)
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The map also indicates the much more restricted pattern of distribution

of Kingdonia, a genus which Diels (1932) and Janchen (1949) assumed

is closely related to Circaeaster. According to my limited information,

both genera grow under very similar ecological conditions and it is

interesting, and perhaps taxonomically significant, that their distribution

coincides so exactly in northwestern Yunnan and in the mountains of

Shensi and Kansu provinces (see map, Fig. 1). Future botanical explora-

tions may result in the discovery of other localities for Kingdonia and

thus remove the puzzle of its present apparent restriction to only two

widely separated regions in China.

TAXONOMIC HISTORY

Specimens of the same kind of plant, later described and published

as the genus Circaeaster 2 by Maximowicz in 1881, were discovered and

collected about 1854 in Kumaun by the British botanists Strachey and

Winterbotham. Their collections were sent to J. D. Hooker at Kew
who prepared a drawing and an analysis of the plant for the Linnean

Society. Unfortunately his data and the specimens were lost and in 1882

Hooker wrote to Mr. Duthie, who was to collect plants in the Himalayas,

asking him to make an effort to find Circaeaster and emphasizing that

"the plant is worth a pilgrimage, for I know nothing in the least like it"

(see Huxley, 1918, p. 248). Duthie was successful in his search and his

copious material, collected in Kumaun, enabled Oliver (1895) to prepare

the detailed description and illustrations of Circaeaster which appeared in

Hooker's Icones Plantarum.

During this early period of discovery and description, efforts were made

to assign Circaeaster as an "anomalous genus" to some existing family

in the dicotyledons. Maximowicz (1881), who based his description of the

genus on specimens collected in 1880 in Kansu by Przewalski, was the

first to suggest the possible affinities of Circaeaster with the Chloranthaceae.

However, he confessed that its divergence in several respects might justify

segregating it in a new family near the Chloranthaceae. Oliver (1895), on

the other hand, expressed serious doubt as to Maximowicz's proposals and

regarded Circaeaster "as a degraded form, allied perhaps to Anemoneae

(Ranunculaceae)."

The disagreements as to the relationships of Circaeaster became intensi-

fied in subsequent taxonomic works and unfortunately were not always

accompanied by additional studies on the actual morphology of the plant.

On the one hand, Bentham and Hooker (1883) and Hooker (1890) fol-

lowed Maximowicz and classified Circaeaster under the Chloranthaceae.

Bentham regarded Circaeaster as "a very distinct genus but, it seems to

us, with essential characters relating it to Chloranthus and indeed in its

2 Maximowicz (1881) devised the name "Circaeaster" on the basis of the resem-

blance of its fruits with those of Circaea and because of the stellate disposition of the

leaves. It is interesting to note that the vernacular Chinese name for Circaeaster is

"Hsin Yeh Shu," literally "star-leaf herb" (How, 1958).
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habit to some specimens of C. japonica Sieb." On the other hand, the

affinities of Circaeaster with the Ranunculaceae were re -emphasized by
Diels (1932) who based his decision upon the assumption that a close

relationship exists between this genus and Kingdoma. The latter had
previously been assigned to the Ranunculaceae by Hal four and Smith
(1914). Diels's conclusions were later adopted without reservation by
Janchen (1949) who segregated Circaeaster and Kin^loriia as the two
genera comprising the subtribe Kingdoniinae under the tribe Clematidae,
subfamily Ranunculi lideae of the Ranunculaceae.

These attempts to assign Circaeaster to either the Chloranthaceae or

Ranunculaceae were in strong contrast with the efforts of other authors
to segregate the genus in a new. independent family, the Circaeasteraceae.

Post and Kuntze (1904) appear to have initiated this taxonomic treatment
by suggesting that Circaeaster is cither to be regarded as the sole genus
in the subfamily "Circaeastereae" of the Chloranthaceae or as the repre-

sentative of a distinct family, the Circaeasteraceae. Hutchinson, in both
the 1926 and 1959 editions of his Families of I<'lmvcrini> Plants placed
Circaeaster in the monotypic family Circaeasteraceae under the order

Berberidales. Several other authors also accepted the family Circaeastera-

ceae. Hallier (1903), in his preliminary conspectus of dowering plants,

included Circaeaster in the Ranunculaceae but later (1912) he grouped
it under the family "Circaeastracees" in the order Ranales. Handel-
Mazzetti (1931) located the family between the Ranunculaceae and Ber-
beridaceae and Johansen (1950). following Hutchinson, classified it as a
family under the Berberidales. Gundersen (1950). however, was less

certain of the ordinal position of the family and apparently regarded

Circaeaster as a possible genus to be included in the Herberidaceae.

Without question the detailed and meticulous investigations of Junell

(1931) represent the most comprehensive morphological study of the past

on Circaeaster. The living colony :!

of this plant which had been maintained
for some years in the botanical Garden at Upsala. Sweden, provided Junell

with abundant material for his research on floral ontogeny, micro- and
megasporogenesis. and the development of the gametophytes, endosperm,
and embryo. Despite his expectations that an embryological study would
shed new light on the vexed relationships of Circaeaster, this hope was
not realized. In his skeptical opinion, "the systematic position of the plant

is. on the contrary, about as uncertain as before.'' He correctly empha-
sizes that one of the inherent difficulties is the fact that the "life history

1 '

of those plants with which Circaeaster might >c eompa red, is far too little

known. This is certainly true with reference to !< iiii'douia. the embryology

of which will continue to remain unknown until adequate preserved

material can be obtained from China (see Foster. 1961a, p. 408).

malt rial ondnaU'd, in turn, from collections of Cir

W. W. Smith.
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MATERIALS AND METHODS

The material used as the basis for the present investigation was obtained

from the following herbaria, the abbreviations for which are taken from

Lanjouw and Stafleu's Index Herbariorum, Ed. 4, pt. 1. (Regnum Vegetabile

15. 1959): Arnold Arboretum of Harvard University, Cambridge (a),

British Museum (Natural History), London (bm), Indian Botanic Garden,

Calcutta (cal), Royal Botanic Garden, Edinburgh (e), Conservatoire et

Jardin botaniques, Geneve, Switzerland (g), Herbarium, Royal Botanic

Garden, Kew (k), Botanical Museum and Herbarium, Lund, Sweden (ld),

Museum National d'Histoire Naturelle, Paris (p), Naturhistoriska Riks-

museum, Stockholm (s), U. S. National Museum, Smithsonian Institu-

tion, Washington (us), and Botanical Research Station of Academia

Sinica, Shensi, China (wuk). Grateful acknowledgement is made to the

directors and curators of these herbaria for allowing me to remove leaf

specimens, and in some cases entire plants, for my morphological studies.

The complete citations of the localities in China. Tibet and the Himalayas

im-( nap. En;. I) wheie iht ,p< ( nnc-n- wen rolleitcu a, lollop China.

Kwst v. \ Potanin \ // (p) mii m Hum in Vu < lpice, alt. 2800 m.,

Liu 10678 (wuk) i, v < Ui in^mhK hndisttni Uietol h ou

i
'<> v had l, " h i i Chi na turn 1 ,.i \m tiini I

> > ' / .
'v )

(a); Sacred Mount un I it w it ' u loo It , h)0 in no <>(>
< " >

( l( -71

(in \ Karlan alt 100 m TIarr) Smith '141 (ld i Yunnan: Western
11 ink 01 th Lichian" mg< I' 12,000 1 Forrest '416 (1 k) ; moist rocky

situations on the Chung-Tien plateau neai lOi clump Hen alt. 12,000-13.000

ft., Forrest 118 (e, k); Handel Uazzetti 3035 (x
T
s) '"ad confines Tibeticas

subjugo Dokerla," Handel-Maz-i tti SYl;?j (c. ) ; \nougu (Ngan(schang') lit ^50

1 J,/ /riW- !0 . / / n7v ( Tibet 1 1 »()]< r ///; (( 1 I . ,
'

(Thin dt R11I 1 l w>/'//< mi
1 Koii<'lio Ttiaiiki S un t

I iii'i") ' i'l(

II I

7 000 II 1 dlo ltd, at <': Ta\lo, (1 1 oirlu) 1'ioMiue Hunket,

Tumbatse, Rong Chu alt 11,600 ft Ludlo h, it Taylor 5033A (e)

Bhutan. Padima T-o n , Tlnmp* I il 14,000 tidlow Sheriff & Hicks

17179(E) Si" Lin Wughil il 1 000 ft If I

1 tinith H24 (c\L). Nepal.

Bhurchula Lekh. ne 1
, Jumia. alt 12 000 11 Polnntn Svkes & Williams 4653

(bm)
;

Suli Gad, between Rohagaon and Lulo Khola, alt. 10,000 ft., Polimin,

Sykes & }\ illtam 112 (r\n laUn.' alle\ ill 12 000 it Polimin 1506

(bm) Ramhrun" Lunjnin;, ill I 1000 II Stainttm 3vk< s fr Williams, 6182

(bm). Kumaun. Anion 1 kkI under had 01 Line n 1 Saba Udigar in the

Ralam Valley, alt xOOO <U)00 I ,' i <
n w///' ?>;"/(!.) nnongst rocks in the

Ritum Valley, August 21, 1884. J. F. Duthie, s.n. (us 40004).

The descriptions and illustrations of foliar venation in this paper are

based on material cleared with the aid of 2.5 /'v NaOlI and concentrated

chloral hydrate, and stained with safranin. For the study and illustrations

of the organography of the inflorescence and the structure and vasculature

of the flowers, two methods were employed: (1) the outer portions of

the leaves of a number of plants were first removed and the partly de-

foliated specimens then cleared and stained by the same techniques used

for studying leaf venation; and (2) some of the defoliated plants (includ-
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ing the upper part of the hypocotyl) were cleared and then dehydrated

by the tertiary butyl alcohol method, infiltrated with "Histowax," sec-

tioned transversely at 7-8^ in thickness, and stained with a combination

of safranin and light green. Because of the very small size and crowded
arrangement of the numerous flowers, serial transections proved indis-

pensable in the reconstruction of the morphology and vasculature of the

remarkable inflorescence of Circaeaster (see Fig. 30a-d).

Thanks are due to Mr. Nels Lersten for his assistance with the proc-

essing, sectioning and staining of some of the inflorescence material and
to Miss Charlotte Mentges who prepared the outline map represented in

Fig. 1. The photomicrographs of leaf venation and the transections of

the inflorescence were made by Mr. Victor D u 1 the 1 m 1 i\mgs
prepared by Mrs. Emily R. Reid. Appreciation is also due to Dr. Shiu-ying

Hu, of the Arnold Arboretum, Harvard University, for translating into

English the descriptions of Circaeaster and Kingdonia found in the recent
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GENERAL ORGANOGRAPHY

Plants of Circaeaster arc annual herbs with a very distinctive and
unusual habit of growth. The elongated axis is the result of the exaggerated

development of the hypocotyl which bears at its summit, below the rosette

of crowded leaves, a pair of linear and persistent cotyledons (Figs. 2-3).

Junell (1931) studied the early phases of germination and his Figure 7e

shows clearly the early and conspicuous elongation of the hypocotyl of the

young seedling. Troll (1938, p. 1093 footnote) compared the "growth-
form of Circaeaster with the "little-tree rosette" ("Baumschenrosetten")
habit of certain species of Bio, h vtntn (Oxaiidaceae). In B. sensitivum, for

example, the general organography of a flowering specimen, as depicted

by Troll (1937, p. 222, Abb. 141) is remarkably similar to a mature
specimen of Circaeaster, despite the obvious differences in leaf form.

Although the hypocotyl of Circaeaster may reach a length of 8 cm. or

more in vigorous specimens, it is difficult to determine from the vague
statements in the literature whether the rosette of leaves, is borne in an
upright or a prostrate position in nature. Junell (1931), with an op-

portunity to study living plants in cultivation, merely states that the plant

has "an upright, unbranched, smooth stem." It seems possible, however,
that in some cases the hypocotyl may remain buried in the moss or the

leaf mold in which the plant frequently grows in its natural habitat.

The development of an individual plant of (
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nography and habit of Circaea

-. typical elongated hypocotyl, the pair of persisten

the left cotyledon, a maturing hairy fruit {Wang 65930,

plant from the living collection at Upsala (Junell s.n.,

>ns, primary leaves, and the conspicuous pattern of open

the formation, in the center of the rosette of leaves, of a condensed terminal

inflorescence composed of numerous minute flowers (Fig. 4). Flowers,

in the most varied stages of development, may occur at the same time in

a given individual. Following pollination, the very slender pedicels of

many of the flowers elongate and bear at their tips one or more fruits

(with their characteristic uncinate hairs), together with the persistent

tepals and the remains of the stamens (Figs. 34-35).
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•angement til Iht' (lowers in the termina

v 6182, 13M ). 4a. low power view, eni]

tb, greatly enlarged view of same. Note elongate

nllorescence and the occurrence of both hi- and

:, cotyledon; FL. bicarpellate flower; Flu, trie;

d pedicels of flowers in c

tricarpellate flowers. B
rpellate flower; L, folia

MORFHOLOOV AND VASCULATURE OF LEAVES

Phyllotaxis. The foliar organs of a mature specimen of Circacastcr

consist of two linear cotyledons, a variable number of small petiolate

foliage leaves and I be bracts which subtend the peripheral fascicles of

flowers of the abbreviated inflorescence (Figs. 30a-b). These appendages,

however, are so crowded in their attachment to the stem that it is very

difficult, without an ontogenetic study, to determine whether the phyllo-

taxis is decussate, whorled, or spiral. Junell (1031) examined the se-

quence of leaf-primordia formation in four seedlings but encountered such
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variability that he reached no firm conclusion. !

observation that the two cotyledons do not lie in t

shows that the position of the si

terpreted as the result of a slig

phyllotaxis.

Nodal Anatomy. Serial transections reveal that the vascular system
of the upper end of the hypocotyl is a diarch prin ar} xylem plate flanked
on each side by two well-developed collat< ral str; nd - of secondary phloem
and secondary xylem. At the level of attachment of the cotyledons, each
of these appendages is vascularized by a trace which diverges from a

corresponding protoxylem pole. The xylem portion of each cotyledonary
trace is often composed of two closely spaced strands of tracheary ele-

ments while the phloem appears as a continuous strip of tissue. Two
similar traces, derived from the remainder of the primary xylem plate,

extend into the bases of the first "pair'
1

of foliage leaves, which lie ap-
pro imril h n right anglt to th plane of the cotyledons.

At this level of section, a division of the collateral strands of secondary
vascular tissue occurs and produces four large bundles; the center of the

axis is now represented by a parenchymatous pith. The single traces of

the remaining foliage leaves seem to originate as branches of these four

major components of the highly condensed "eustele." Fig. 30a-d shows
that the xylem of each leaf trace is often conspicuously double at various

levels in its extension through the petiole.

The accurate reconstruction of the vasculature of the axis is compli-

cated by the common origin of leaf and bract traces or bract and pedicel

traces from the same major bundle of the stele. Moreover, it has not been
possible, with the very limited study of "revived" herbarium material to

discovci ihf origin nulil -in d intercomi* t ions of the vascular systems
of the central flowers. Unfortunately Junell (1931), with abundant fresh

materia] at his disposal, apparently made no attempt to reconstruct the

remarkable vasculature of the shoot or inflorescence of Circacastcr.

Form and Venation of Cotyledons. The cotyledons of Circacastcr

are linear or strap-shaped appendages and vary in size from 7-10 mm.
in length and 1.5-3 mm. in maximum width. In contrast with the dichot-

omoush veined lamina of the foliage leaves, the entire cotyledon is

traversed by an unbranched midvein which represents the upward ex-

tension of its single trace (Figs. 2, 6). Careful study of cleared prepara-
tions indicates that the xylem of the midvein, at various levels or through-
out its course consisl oi twocloseb approximated (rand oi Iracheid

which may separate as two very short endings below the blunt apex of

the cotyledon (Fig. 6). Serial transections confirm the fluctuation in the

degree of doubleness of the xylem at various levels (Figs. 30a-d, cotyledon

nd Venation of Foliage Leave
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clearly demarcated into petiole and lamina; the latter varies from broadly

spatulate to rhomboidal in form and is provided with small mucronate

dentations at its distal margin (Figs. 5, 7-13, 15-29). Considerable

fluctuation was observed in the size of the leaf, not only between plants

from different collections but also between the successive leaves in a single

rosette. The largest leaves studied measured about 30 mm. in length with

a maximum lamina diameter of 16-17 mm. (Liu 10678, wuk). At the

opposite extreme, the very small leaves shown in Figs. 7-11 are all less

than 7 mm. in length and measure only 2.25 3 S mm in lamina width

Leaves from other collections were somewhat intermediate in their dimen-

sions between these two extremes.

Although the distinctive pattern of open diehotomous venation is super-

ficially evident even in dry herbarium specimens, the few descriptions of

the foliar vasculature in the literature are very brief and in part inaccurate.

The first specific description of diehotomous venation in Circaeaster was

given by Oliver (1895) who stated: "The petioles, like the hypocotyledo-

nary axis, are traversed by a solitary vascular bundle which repeatedly

forks in the lamina giving off a branch to each serrature." Junelbs (1931)

description is similar but slightly more detailed. He found that the

petiolar bundle divides into two or three branches, the median one of

which often does not divide further. "Finer lateral veins are not present"

and in the colony of Circaeaster grown at Upsala, I he leaves had on the

average 14 teeth with a corresponding number of vein endings. No addi-

tional information on leaf venation is found in Dicls's (1932) paper and

Troll (1938) merely attempted, on purely theoretical grounds, to argue

that the diehotomous venation of Circaeaster represents a secondary "modi-

fication" of pinnate venation. In none of these descriptions is reference

made either to blind vein endings or to anastomoses, examples of which

were encountered in the present survey (Figs. 23-29). The descriptions

and illustrations given in the present paper indicate a wide variation in

the details of the venation pattern in Circaeaster and are based on the

study of 97 cleared leaves derived from a total of 24 different herbarium

collections.

In many of the plant- stud" i H- 'duns are followed by a series

of 2 or more small leaves with extremely simple patterns of diehotomous

venation (Figs. 7-9, 12, 13, 15, 16). For convenience, these leaves will

be designated as -primary" or -juvenile leave- " although it is recognized

that there is no clear morphological demarcation between them and the

succeeding more hig il) vasi ilarized foliage leaves. A striking example of

a gradual progressive elaboration of diehotomous venation is shown in the

leaf series represented in Figs. 7-11. Each of the three very small "primary

leaves" is vascularized by a trace with double xylem, which extends

through the short petiole and dichotomizes near the base of the lamina

(Figs. 7-9). The diehotomous branching of the two basal veins in the

first leaf occurs at about the same level and yields four vein-endings

which terminate below corresponding marginal teeth (Fig. 7). In the

second leaf with five vein-endings, dichotomy of the basal veins occurs
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at different levels producing a "midvein" and two dichotomized lateral

veins; the branch of one lateral, however, terminates blindly without a

corresponding marginal tooth (Fig. 8). In the third primary leaf, three

symmetrical pairs of vein-endings have been produced by the dichotomy,

at nearly the same level, of the central and the two basal lateral veins

(Fig. 9). This leaf is followed by two larger appendages, with eight and

nine vein-endings respectively, terminating below corresponding teeth

(Figs. 10-11). The increase in number of veins in these organs has

resulted from further symmetrical or asymmetrical branching of the lateral

vein-systems.

The primary leaves of other collections are notable because of the

prominence of an unbranched "midvein" which traverses the central region

of the lamina (Figs. 12-13, 23). Appendages of this type tend to develop

an odd rather than an even numb< i oi > in sndinj TS ost commonly, the

midvein originates as the inner of the two veins formed by the dichotomy

of one of the main xylem strands of the petiolar bundles. In a few cases,

however, the midvein is formed by the union of the two central bundles

produced by the dichotomy— at different levels— of each of the two

xylem strands in the upper region of (he petiole (Fig. 14). From a broad

comparative viewpoinl it is interesting to note that both of the types of

midvein origin found in the
|
rimarj lea < if Circaet ter also occur in

the dichotomously veined tepals of the flower of Kingdonia (Foster 1961a,

plate 1).

The increasing complexity oi (h . union in urn i\ e ' primary leaves"

of a plant reaches it , < ilminalion in 1 he elaboiat< paii i ns of dichotomous

venation found in well-developed foliage leaves (Figs. 5, 17-29). Profuse

and often very regular dichotomous branching of the veins imparts an

elegance and a symmetry to the various patterns which may now be

examined in some detail.

The degree of symmetry of the venation pait< n ipprai < I > h i o

dated with ( 1 ) variations in (lie number of main veins in the lamina base

and (2) the patterns and levels of successive dichotomous branching in

each of the principal systems of veins. Very commonly a central and two

main lateral veins diverge at nearly the same level in the lamina base; as

in the primary leaves, the central vein is produced by the division of one

of the two mail] \\ l< m . iook! ,
ot ih • petiolar bundle. In leaves with this

type of basal vasculature, the successive dichotomous branching of the

central and both lateral vein, ma\ be extremeh regul; i re ulting in an

even number of vein-endings (Figs. 5, 19). Essentially similar patterns,

but with an odd number of vein-endings are formed if certain of the distal

veins fail to dichotomize before terminating al the margin (Fu.s 20. 24.

27).

Transitions to a more isotomous type of basal vein-dichotomy were also

encountered in the present survey. In these cases, each of the two xylem

strands of the petiolar bundle tends to dichotomize at a low level in the

lamina base yielding four or sometimes five main veins. The pattern of

dichotomous branching of these veins is variable, however, and produces
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either an odd (Figs. 18. 21) or an even (Fig. 22) number of marginal

vein-endings. A distinctive feature of the leaf shown in Fig. 18 is the

divergence, from one of the basal vein-dichotomies, of a long unbranched

central vein which resembles the "midvein" in primary leaves (cf. Figs.

12, 13, 18 and 23). This venation pattern w;is observed in a few of the

foliage leaves from a cultivated specimen of Circarastcr (Juncll s.n.,

p). Usually the "central vein" in foliage leaves branches dichotomously

at some level in the lamina (Figs. 5, 19-22, 24).

The only examples of a strictly isotomous pattern of basal venation

were found in the leaves of a specimen from the Shensi collections {Liu

10678, wuk). In these appendages a central vein system is not formed

and the vasculature of the two halves of the lamina is derived from the

pair of veins produced by the equal division of the petiolar bundle (Figs.

15-17). In the larger primary leaf and the foliage leaf which follows it,

the isotomous branching is repeated at the same level by each of the two

main veins (Figs. 16, 17). The venation of the smaller primary leaf

(Fig. 15) is the simplest pattern encountered in the present study and is

highly suggestive of a "transition" between cotyledonary and foliage-

leaf venation (cf. Figs. 6 and 15).

In the majority of the leaves examined, all the vein-endings terminate

in corresponding marginal teeth. This type of one-to-one correlation seems

to predominate regardless of the degree of symmetry of the venation

pattern or the form or size of the lamina. 1 Careful study, however, has

revealed that in addition to this normal pattern of marginal venation, the

leaves of a few collections possess blind vein-endings, i.e., veins which

terminate in various positions distal to the lamina margin (Figs. 8, 22-26).

Usually only one or two leaves of a given plant form veins of this type

and their occurrence in either primary leaves or the larger foliage leaves

is sporadic and unpredictable. Frequently only a single blind vein-ending

may develop in an otherwise regular pattern of dichotomous venation.

In these instances it is usually obvious that such a vein represents the

shorter of the two branches derived from a dichotomy ( Fios. 22, 24). The
most consistent and profuse development of blind vein-endings was ob-

served in a series of plants from one of the collections from Nepal {Stain-

ton, Sykrs & Williams 6182, bm). Out of a total of 24 leaves examined,

25, 26). In one of these leaves (Fro. 25) there are three blind termina-

tions, each of which clearly represents an "overtopped" branch of a dichto-

mized system of veins. A similai morpholoyieal interpretation seems valid

for the four delicate and much shorter vein-endings shown in Fig. 26.

Possibly the apparent infrequency of blind vein endings observed in

Circarastcr is merely the result oi insufficient -.ampling. but it is interest-
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ing that in the much larger dichotomously veined leaves of ingdonia,
blind endings are relatively numerous and occur in all the specimens which
were studied (Foster & Arnott 1960, p. 695, Table I). Until ontogenetic
studies have been made on the leaves of the two genera, however, the full

morphological significance of blind vein-endings in the open dichotomous
venation patterns must remain a question.

Throughout the present investigation a very careful search was made
for vein anastomoses. They proved to be extremely infrequent and only
four examples were encounter-m i nn m- >,• of nearly 100 leaves. Only
a single anastomosis occurs in each case and its position in the venation
pattern varies from leaf to leaf (Figs. 28

7 29). As in Kingdonia the
anastomoses represent fundamentally the union between the adjacent
branches of two vein-dichotomi Fig. 2 I \

• nteresting example
of the close approximation, withoul fu on between the inner and nearly
equal branches of two veins which have dichotomi ed ai about the same
level. In another leaf from a different colli ction ( S , ie 585, p) a similar
pattern was observed except that the two veins were anatomically joined
for a very short distance before their divergence as two separate strands.
In each of the anastomoses shown in Figs. 28, 29, however, the two inner
branches which unite are conspicuous!} i n :qi al li igth and degree of
development. The shorter and more slender branch (consisting of a single
file of tracheids) joins its neighbor either near the level of a vein-dichotomy
(Fig. 28) or at a mu< h higher point (Fig. 29). In both cases, the areoles
which result are characteristically elongated and closely resemble those
produced by similar vein-unions in Kingdonia (Foster 1959, pi. 2).

INFLORESCENCE

The minute and numerous flowers of Circaeaster are aggregated in a
compact terminal inflorescence which occupies the center of the "rosette"
of leaves (Figs. 4, 30). Although cleared and partly defoliated specimens
are useful in showing the fasciculate arrangement of the flowers and the
small dichotomously veined bracts, the complex organization of the inflores-
cence is fully revealed only by the study of microtomed serial transections.
These are difficult to secure because the short epicotylar axis is frequently
bent or excessively compressed in herbarium specimens. The description
which follows is based on the study of the relatively few satisfactory
transectional series which were obtained.

Figures 30a-d represent a series of transections of an inflorescence
composed of 28 flowers. The majority of the flowers are disposed in five

peripheral fascicles and each fascicle is subtended by a small bract (Figs.
30a and b, flower-groups subtended by bracts B1-B5). The fascicles are
numbered according to the length of their associated bracts, number 1

having the longest bract (66V) and number 5 the shortest (152/*). It is

uncertain whether this sequence indicates an ontogenetic succession but
it should be noted that each bract and its subtended fascicle occurs be-
tween the bases of two adjacent foliage leaves. Most of the flowers in the
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peripheral fascicles are in very early stages of development but in three

fascicles the largest flower was sufficiently mature to have ripe pollen or

primary sporogenous tissue in the anthers (Fig. 30c, flowers subtended

by bracts Bl, B3, B4). In some fascicles, the flowers are collaterally

arranged and basally joined to form a very short stalk or "peduncle"

adnate to the bract (Fig. 30a, B4).

The five largest and best developed flowers in this inflorescence are

devoid of bracts and collectively represent a central fascicle. Beginning

at the base of this fascicle, the elongated pedicels of flowers V, IV, III

and II progressively become free, and flower I (with the longest pedicel

and most highly developed carpel) morphologically represents the terminal

flower of the entire inflorescence (Figs. 30a-d).

Transections of the inflorescence of several other specimens revealed a

similar general type of morphology but showed that the number of flowers

in the peripheral fascicles may consistently be reduced to two. In a plant

collected in Yunnan (Forrest 6416, e) each bract subtends a pair of

basally united flowers, one pedicellate and well developed, the other small

and rudimentary. It seems possible that only the larger flower in each

of these fascicles may be functional. Similar examples of two-flowered

fascicles were found "in studying serial transections of the inflorescence

shown in Fig. 4. The possible significance of this divergence from the

many-flowered fascicles illustrated in Figs. 30a and b can only be de-

termined by the comparison of a much wider range of material than I

have been able to assemble.

Very few efforts have been made in the past to interpret or to classify

:!u peculiar ami ai s i inrf ive inflorescence of Circaeastcr. Maximowicz

(1881) observed the association of small hyaline bracts with the bases of

the flower pedicels and stated that the "very minute flowers are fascicled

in the upper axils forming a many-flowered terminal inflorescence."

Bentham and Hooker (1883) were more explicit; they regarded the in-

florescence as a small raceme "reduced to a fascicle with the common

rachis scarcely or not at all developed." Oliver (1895) characterized the

arrangement of the floral pedicels as "umbellate-fasciculate.'' In the

modern period the morphological and taxonomic significance of the in-

florescence has been entirely ignored by Diels (1932), Janchen (1949),

and Hutchinson (1959). As far as I can discover, Junell (1931) is the

only investigator to propose an interpretation of the inflorescence based

upon its methods of development. Using longitudinal sections he found

that the order of flowering is centrifugal and concluded that "Circacaster

apparently has a cymose inflorescence."

In the light of the present .study it is difficult to decide whether the

inflorescence of Circaeastcr is moipiml, u II n I
i a

reduced cyme or to a raceme. From a speculative viewpoint it is possible

to imagine that excessive phylogenetic reduction of an orginally cymose

or racemose terminal inflorescence has occurred, resulting in the elimina-

tion of all bracts except those which subtend the peripheral fascicles of

flowers. But until the taxonomic affinities of Circacaster have been fully
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MORPHOLOGY AND VASCULATURE OF FLOWERS

The minute apetalous hermaphroditic flowers of Circaeaster are highly

variable with respect to the number of tepals (T), stamens (S), and carpels

(C) which they develop and the total range in variation observed in this

study may be summarized by the formula T2~3
, S 1 "3

, C 1"3
. Variation is

extensive not only between flowers of different collections but even among

the flowers of the same inflorescence. For example, in both of the collec-

tions from Tibet (Soulie 355, p, g), the majority of the flowers in the

inflorescence consist of 3 tepals, 1 stamen and 1 carpel (Fig. 30c, peripheral

flowers of bracts Bl, B3, B4; Fig. 30d, central flower IV); one of the

central flowers in each inflorescence, however, has 2 tepals, 2 stamens,

and 1 carpel (Fig. 30d, flower V). This latter pattern, which was ap-

parently regarded as "typical" for the genus by Maximowicz (1881) and

Hutchinson (1959) is infrequent in my material and I have only observed

it, in addition to the cases just noted, in the flowers of the peripheral

fascicles of the inflorescence of a collection by Forrest (6416, e). In some

collections, bi- and tricarpellate flowers appear to predominate and both

types occur in the same inflorescence (Fig. 4, fl a , fl b ). The most unusual

flower encountered consists of 3 tepals, 3 stamens, and 3 carpels (Fig. 33).

This flower, which appears perfectly "normal" in structure, occurs in an

inflorescence largely composed of flowers with 2 tepals, 2 stamens and

2 carpels.

The vascular system of the flower pedicel consists of one or two strands

of narrow tracheids flanked by two bundles of phloem; in many cases,

the phloem appears to surround the xylem giving the appearance of a

typical "protostele." Near the level of attachment of the floral organs,

two important structural changes are evident: (1) an active cambial zone

develops beneath the phloem tissue and (2) the previously slender strand

of xylem abruptly dilates and now consists of a mass of short tracheids

with enlarged lumina. Each of the single traces of the tepals, stamens

and carpels diverges from this central "nest" of tracheids but "revived"

herbarium material was too poor in quality to permit an accurate recon-

struction of the vasculature of the floral receptacle (see semidiagrammatic

representations in Figs. 31-35).

In cleared material, the persistent scale-like tepals often appear devoid

of vasculature and serial transections reveal that the single weak trace

may end below or at the base of these appendages. In more robust speci-

mens, however, the upward extension of the trace forms a midvein con-

taining a very delicate unbranched strand of xylem.

The stamens of Circaeaster are distinctive in structure because only

one pair of introrse microsporangia is developed. Dehiscence is longi-

tudinal and very small tricolpate pollen grains have frequently been ob-

served adhering to the elaborate papillae of the stigma (Fig. 31). Each
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Each of the carpels is vascularized by a well-developed amphicribral

trace which divides near the base of the ovary into a dorsal and a ventral

vein (Figs. 32-34). These two strands constitute the total vasculature

i i !i |) I
i H 1 n dditional venation is developed as the carpel matures

into a fruit. The dorsal bundle extends up the convex abaxial side of the

carpel and ends below the base of the papillate stigma. The ventral vein

traverses the adaxial side of the carpel and according to Junell (1931)

passes through the massive funiculus « In i nuctional ovule and

terminates at the chalazal end of the embryo sac.

The enlargement of a carpel into a fruit is accompanied by the profuse

development of unicellular hairs which are conspicuously hooked at

maturity (Figs. 34, 35). These trichomes are progressively initiated in

a basipetal sequence from the ovary wall and first appear in an area well

below the terminal stigma (Figs. 32, 33). As a result, the upper end of

the mature fruit remains entirely glabrous ( bios. 34. 35). T have never
" the completely or partially glabrous fruits which

and Junell (1931) noted in certain collections.

Hooker (1890) emphasized the possible role of the uncinate hairs in the

dispersal of the fruits and believed that I bey are "such aids to dispersion

that it
|
i.e., Circacastcr

\
may be supposed to be common though so in-

conspicuous as to be overlooked.''

DISCISSION

Tn the more than SO years that have elapsed since the establishment of

the genus Circacastcr by Maximowicz (1881). no general agreement has

been reached as to the systematic affinities of this peculiar genus. A
considerable part of the controversy has been due to the exploitation of

a very few selected morphological features for direct comparison with

presumably homologous characters in members of such families as the

Chloranthaceae, Ranuncuiaeeae and Rerberidaceae. Cnfortunately this

practice has been biased to some extent on an inaccurate, or at the very

least, an inadequate understanding of the floral morphology of Circacastcr.

Furthermore, when the < onibinatioit of highly remarkable morphological

and embryological characters of Circacastcr is fully appreciated and com-

pared with the situation in the suggested relatives of Circacastcr, the

"anomalous" position of the genus is emphasized and justification is pro-

vided for its segregation in the monotvpic family Cireaeasteraceae. In the

light of the present investigation, supplemented by the embryological data

provided by Junell ( 1931). the various proposals for classifying Circacastcr

may now be critically examined.

The possible relationship of Circacastcr to the famih t hlo. nil u <

in the Piperales was first suggested by Maximowicz (1881) and his view-

point was later adopted for the Bentham and Hooker (1883) system of
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classification. As far as I can determine, this taxonomic treatment was

fundamentally based on the a:- urn] tioi that the flower of Circaeaster,

like that of members of the Chloranthaceae, is unicarpellate and that the

ovary contains a single, pendulous orthotropous ovule. While it is true

that unicarpellate flowers commonly occur in Circaeaster, there is con-

siderable variation even between flowers of the same inflorescence and

gynoecia composed of ?. 01 .

:
. < crpel h we been m> on ilered frequently in

the present investigation (Figs. 4, 31-33). But in addition to the diver-

gence in carpel number, the presumed relationship between Circaeaster

and the Chloranthaceae is negated by the following additional contrasts:

(1) pollen, tricolpate in '
/ icastt (5 i Itman i

() .„j monocolpate, acol-

pate or polycolpate in the Chloranthaceae (Swamy 1953); (2) "ethereal

oil cells" (i.e.. secretory idioblasts) absent in Circaeaster (Schulze 1900,

Solereder 1908, Metcalfe & Chalk 1950), present in all genera of the

Chloranthaceae (Swamy 1953); (3) vessel members, with simple perfora-

tions in Circacastes {' hi idle 195 p M ) with cal i noi m perforations in

all members of the Chloranthaceae (Swarm l

l

!) (1) foliar venation,

open dichotomous in i irca< i t > pit nati > ticulate in the Chloranthaceae

(Swamy 1953) ; (5) pollen tube, mesogamous in Circaeaster (Junell 1931),

porogamous in the Chloranthaceae (Schnarf 1931); (6) endosperm, cellu-

lar and of the Adoxa-type in Circaeaster (Junell 1931), cellular, the first

walls predominantly transverse in Hedyosmum of the Chloranthaceae

(Swamy 1953). In connection with these contrasts, it is interesting to

note that Junell (1931) found two points of resemblance between Circae-

aster and the Saururaceae, a family included with the Chloranthaceae and

Piperaceae in the order Piperales (Hutchinson 1959). According to Junell,

the genus Saururus, which usually has 3-4 free or basally joined carpels.

shows "great similarity" to Circaeaster in that in both genera, two ortho-

tropous ovules begin development from the inner surface of the carpel but

only one of them becomes fertilized and forms the single seed. However, as

Junell admits, an important difference between the two genera is the de-

velopment of a massive perisperm in the seeds of Saururus. A further

divergence, in my opinion, is the unusual formation of the Adoxa-type of

endosperm in Circaeaster.

With reference to the Ranales (sensu lato) , the possible affinity of

Circaeaster with the Ranunculaceae w i >
' n; jested by Oliver

(1895) but he gave no morphological evidence to support his conjecture.

Diels (1932), however, strongly insisted that Circaeaster should be re-

garded as the most extremely reduced member of the Ranunculaceae and

that its closest affinities are with Kingdonia which had already been classi-

fied as a new genus in this family by Balfour and Smith (1914). The

two main points of resemblance between Circaeaster and Kingdonia used

by Diels to support his argument are the presence of a solitary, orthotro-

pous, pendulous ovule and the dichotomous venation of the leaves. In the

light of our present knowledge, these points of agreement are clearly not

decisive in the del ami mtit i of lh< eo reel systematic position of either

genus (Foster 1959, 1961a). To judge from the recent studies of Bersier



316 JOURNAL OF THE ARNOLD ARBORETUM [vol. xliv

(1960), Vijayaraghavan (1962) and Bhandari (1962), the ovule in a

variety of genera of Ranunculaceae is typically anatropous, and there is

no evidence that the orthotropous pendulous ovule of either Circaeaster or

Kingdonia has arisen as a "modification" of this feature. As Swamy (1953)

pointed out in discussing the relationships of the Chloranthaceae, "the very

fact that orthotropous ovules occur in many unrelated families suggests

that its development may as well be due to parallel evolutionary trends."

The use by Diels (1932) of dichotomous venation as indicating the affinity

between Circaeaster and Kingdonia and hence justifying the assignment of

these genera to the Ranunculaceae, seems particularly unconvincing. As I

have discussed in detail in several recent papers, the unilacunar node, the

four leaf traces and the palmate open dichotomous venation of the leaf of

Kingdonia are not duplicated, as far as 1 can determine, in any of the

generally recognized genera of the Ranunculaceae (Foster 1959, 1961a).

A similar objection arises to the use of the uni fasciculate leaf trace and

open dichotomous venation of Circaeaster in supporting the family rela-

tionships of this genus with the Ranunculaceae (Figs. 5, 7-13, 15-29).

In this connection it should be emphasized that the investigations of

Sterkx (1900) revealed that even the cotyledons of a wide range of

ranunculaceous genera develop relatively complex net venation. In place

of a divergent and open dichotomous pattern of branching, the main lateral

veins converge towards the leaf apex and join the well-defined midvein

(see also Hoster & Zimmerman 1960 and Hoster 1962).

It is a curious fact that although Janchen (1949) fully agreed with

Diels's taxonomie conclusions, lie made no reference to the highly distinc-

tive venation of Kingdonia and Circaeaster His precise assignment of

these two genera to the tribe Clcmatideae in the Ranunculaceae was based

on the absence of nectariferous leaves, the uniovulate carpels, and the

pendulous ovule. Janchen concluded thai because of the form of their

leaves (simple or palmalely divided) and the herbaceous character of the

plants, the subtribe Kingdoniinae comprising Circaeaster and Kingdonia

must be regarded as "a secondarily simplified group, derived from

Anemoninae-like ancestors." This speculation, however, is not supported by

several of the "unique" features revealed by junell's (1931) embryological

study of Circaeaster: (1) the mesogamous course of the pollen tube and

(2) the Adoxa-type of endosperm development. All hough cellular endo-

sperm is characteristic of a number of woody ranalian families (Swamy

1953, Swamy & Bailey 1949), the endosperm in all investigated members

of the Ranunculaceae is nuclear in type (Schnarf 1931). In this connec-

tion, it should be mentioned thai Swamy and Canapalln ( 1957) concluded

that the "Nuclear-type endosperm is in all probability more advanced than

Cellular-type endosperm." If this idea is valid, it is difficult to imagine

that the distinctive and very rare . Idoxa -type of endosperm of Circaeaster

is the result of phylogcnelic derivation from the nuclear type characteristic

of the Ranunculaceae as a whole.

When the totality of evidence from foliar vasculature, anatomy, inflo-

rescence and flower, and the embryology is weighed and compared, there
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appears to be no convincing evidence for retaining Circaeaster as an

"anomalous" genus in any of the families which have just been discussed.

On the contrary, I fully agree with Huchinson's (1959) placement of the

genus in an independent monotypic family, the Circaeasteraceae, although

I cannot accept the major characters he employs to classify this family

under the order Berberidales. In his key to the six families which he

includes in this order, Hutchinson separates the Circaeasteraceae on the

basis of the "single" carpel and the "solitary, axillary" flower. It is

difficult to understand why these characters were used and emphasized

even in the family description because (1) the number of carpels in

Circaeaster, as shown by the previous descriptions of Hooker (1890) , Oliver

(1895), Junell (1931), and Janchen (1949), varies from 1-4 and (2) the

flowers of Circaeaster are not 'solitary in the upper leaf-axils," but are

clearly united in fascicles which collectivi ly fori - I. used inflorescence.

Maximowicz (1881), Bentham and Hooker (1883), and Oliver (1895) all

drew attention to the fasciculate arrangement of the flowers of Circaeaster.

In the material which I have studied, the peripheral fascicles consist of 2-

many basally united flowers, each group Mibtended by a bract while the

central fascicle consists of a united group of flowers which are clearly devoid

of bracts (Figs. 30a-d). Thus on the basis of fluctuation in carpel number

and the peculiar morphology of the inflorescence, I am forced to disagree

with Hutchinson's description and with his suggestion that Circaeaster

is "a very reduced relative of the Podophyllaceae or Berberidaceae." The
systematic affinities of the Circaeasteraceae appear rather to lie within the

Ranales (sensu lato). But as is true of a nwiltr f i typic ranalian

families recently segregated by Bailey and his associates, positive asser-

tions regarding the evolutionary derivation of the Circaeasteraceae from

any existing ranalian family would appear premature and highly specula-

In certain morphological respects, Circaeaster seems obviously highly

reduced and specialized. Its annual and peculiar rosette-habit of growth,

markedly condensed stem and inflorescence and its minute flowers all ap-

pear to be strongly derivative characters. But the open and often very

symmetrical dichotomous venation is a very puzzling character from a

phylogenetic standpoint I thi listin tiv< md unu ual venation "primi-

tive.' or is if the result ol ' reversioiT or "reduction" from a more complex

type of foliar vasculature? These are d II It \
e 1 ns, comparable to

those which have been raised in discussing the significance of open dichoto-

mous venation in Kingdonia (Foster 1959, 1961a, 1961b; Foster & Arnott

1960). But if phylogenetic "ret'hn Lion" is invoked hi "explain" the dichot-

omous venation of Circaeaster, if is difficult to understand why this type of

vasculature is not frequently encountered in the small leaves of other

specialized dicotyledonous herbs. From a brief survey, l 1

techniques, it is evident on the contrary that relatively complex reticulate

venation is characteristic of the small leaves of such genera as Anagallis

(Primulaceae), Stellaria (Cnryophyllaceae), Hrlxinc ( I'rticaceae) , Oxalis

(Oxalidaceae), and Dichondra (Convolvulaceae). Moreover, in the highly
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specialized genus Raoulia (Compositae) in which Solbrig (1960) studied

the results of redin lion on n ictdaic v. iati< n
|
attorn- the "open'' venation

found in a few species is highly irregular in type and quite unlike the

Tn conclusion, it must be eiuphn i d thai omul ibh few examples of

vein anastomoses were found in the present survey of Circacaster (Figs.

28, 29). Their sporadic occurrence and elemental nature throw no light on
the problem of the phylogenetic origin of the dichotomous venation. Like-

wise, the blind vein endings which were discovered, clearly seem to repre-

sent the incompletely developed branches of dichotomized veins and hence

do not appear to be "vestiges" of a former reticulate venation pattern

(Figs. 23-26). Possibly the sinking resemblances between the dichoto-

mous venation patterns of Circacaster and Kint/douia are the result of

parallel evolution from an ancient and primitive type of angiospermic

vasculature. At any event, it is interesting and perhaps more than

coincidental — that the only known authentic examples of open dichoto-

mous venation in the angiosperms occur in two relic genera which grow in

comparable environments in the high montane areas of western and south-

western China (see map. Fig. 1). The future comparative study of other

herbaceous ranalian dicotyledons in this part of Asia may well yield results

of considerable ta\ononii( and morphological significance.
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EXPLANATION OF PLATES

PLATE I

Fig. 5. Wang 65301 (a). Cleared leaf, photographed with dark-field illumina-

tion, showing the wry symmetrical ivpe ot open dichotomous venation which
frequently occurs in Circaeaster. Note especially the gradual separation of the

two xvlem strands below the dichotomy of the central vein.

PLATE II

Figs. 6-14. Venation of the cotyledon and various types of primary leaves in

Circaeaster. 6-11, Polunin, Sykes & Williams 3412 (bm), foliar sequence in one
plant beginning with the univeined cotyledon (Fig. 6) and showing progressive

elaboration of dichotomous venation in the primary leaves (Figs. 7-9) and suc-

cessive adult leaf types (Figs. 10 and 11) ; 12 and 13, Wang 66252 (a), primary
leaves from same plant showing derivatii i ol mid in from basal vein
dichotomy. 14, Wang 65301 (a), details of petiolar vasculature of a primary
leaf showing origin of mid-vein on anion entral branches of two dichot-

lized xylem strands. Drawing made from cleared leaf photographed with
dark-field illumination.

in Circaeaster, arranged in the order of increasing number of marginal vein-

endings. The scale indicates the wide range in size of these leaves. 15-17, Liu
10678 (wuk), three successive leaves from same plant, illustrating marked
regularity of all basal vein-dichotomies. 18, Junell s.n. (p), a leaf with 13 vein-

endings, from the plant shown in Fig. 3. 19, Liu 10678 (wuk), a leaf with 14

vein-endings. 20, Hat
\ Smith U4l I s), a leaf with 17 vein-endings. 21 and 22,

Soulic 355 (k), two leaves from same plant with respectively 19 and 20 marginal
vein-endings. Note short central blind vein-ending in Fig. 22.

PLATE IV

Figs. 23-29. Leaves with blind vein-endings or anastomoses. 23, Stainton,
.Sv/,v.v <V Williams 6182 (bm), primary leaf with single lateral blind vein-ending.

24, Liu 10678 (wi k i W \\ »ul .mm 1
1 i< e ,ln hotomous venation and a single

central blind vein-en. I
i

^ „,>, -> S-,, • ,//„-», ,JS2 (bm), leaf with
two lateral and one i

. pi , il 1, inn! - in -endings '6 ;/
. ui,n< leaf with four blind

vein-endings; 27, The same, leaf showing close approximation of two adjacent
veins. 28, The sa»< i< <i .i :m i ., i , hit 29, Forrest 118 (k), leaf

PLATE V
Figs. 30 a-d. Semidiagrammatic transections of a flowering specimen of

Circaeaster [Soidie 355. v i showing the cotyledons, leaves (L) and the in-

florescence. The intervals between Figures a and b, b and c. and c and d are

respectively 16 m. 144 m and 248 ,«. The tlowers in each of the five peripheral
fascicles are designated by arabic numei
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their subtending bracts (B1-B5). The five central ebracteate flowers are

indicated by roman numerals (I-V). Note that the xylem (shown in black) in

the petiolar bundles usually consists of two closely spaced strands.

Abbreviations for the organs of individual flowers shown in c and d: T, tepal;

in all figures shown diagrammatically by broken lines. 31, Wang 65930 (a),

at right a fascicle of 3 flowers, the largest consisting of an elongated pedicel, 2

tepals, 2 stamens, and 2 young glabrous carpels; the arrow indicates an enlarged

view of the sessile, papillate stigma of one of the carpels. 32, The same, older

stage of a bicarpellate flower showing the dorsal (left) and ventral (right) veins

of the larger carpel and the initi I 53, Polunin, Sykes & Williams

4653 (bm), a trimerous flower consisting of 3 tepals, 3 stamens, and 3 carpels;

note young hairs. 34-35, Wang 65930 (a), young fruits showing the typical and

profuse uncinate hairs; note persistence of stamens with dehiscent anthers.

C, carpel; H, hair, F, pollen grain; S, stamen; T, tepal.
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MORPHOLOGICAL AND PALEOBOTANICAL STUDIES
OF THE NYSSACEAE, II

THE FOSSIL RECORD

Richard H. Eyde and Elso S. Barghoorn

An earlier paper by the first author (Eyde, 1963) dealt with the
distribution and the distinguishing characteristics of modern species of
Nyssaceae and placed special emphasis on the comparative morphology of
nyssaceous fruits. In the present paper, we shall take up the fossil record
of the family, applying critical comments based on our studies of modern
Nyssaceae whenever possible. Although in our own research we have been
primarily concerned with structural features of the fruits, we have also
included here a review of reports of other fossil remains— leaves, pollen,
and wood — that have appeared in recent years. It is hoped that the
present work will serve as a useful supplement to Kirchheimer's detailed
monograph (1938) on fo< \ ea<

Convincing nyssaceous fossils are not presently known from horizons
below the Tertiary. The Jurassic "pollen" designated as "cf. Nyssa" by
Reissinger (1950, PI. XIII, figs. 11 a & b) is probably a tetrad of spores;
in any case, the comparison with Nyssa cannot be taken seriously.
1

i I- mi i m, thai uen i^mned to Xvssa in some of the
older works (Kirchheimer, 1938, pp. 119-123) are mostly poorly pre-
served specimens, and in view of the lack of striking identifying features
in the leaves of modern Nyssa. these fossils can hardlv be considered as
evidence for the occurrence of the genus. The same comment may be
made regarding a single incomplete leaf impression from the Cretaceous of
Texas described by MacXeal (1958) as X. woodbiucnsis. Dorf (1942,
pp. 29 & 78) compared the Cretaceous "seeds" Cardites walcottii with
Nyssa aquatica. Judging from Dorf's illustrations (Pi. 19, figs. 1 & 2),
however, the resemblance is very remote. Carpitcs walcottii apparently
lacks a germination valve, and the apical projections found on this fossil
have no counterpart in bona fide remains of Nyssa. Recently Samylina
(1961) compared some ribbed fruits (?) from the Lower Cretaceous of
the Maritime Territory, U. S. S. R., with fruits of Nyssa, applying the
names Nyssidium orientate and Nyssidium sp. to her fossils. Samylina's
comparison is based on a fancied resemblance between the nyssaceous
germination valve and an unsculptured region at one end of each Nyssidium
specimen. In fruits of Nyssaceae, however, major external ridges and
grooves pass over the entire stone, including the germination valve. The
fact remains that we have no knowledge oi !h U< ( , oic antecedents of
Nyssa.
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TERTIARY LEAVES

All of the supposedly nyssaceous leaf remains found in Tertiary deposits

have been compared to Nyssa with one exception: Johnson (1937)

described several impressions taken from Eocene beds of the Isle of Mull

as Davidioidea hebridica because of their resemblance to leaves of modern

Davidia. The first author recently saw some of these fossils on display

in the British Museum (Nat. Hist.), London, and will confirm the general

similarity to Davidia. However, as Kirchheimer noted (1938, p. 117),

comparable leaves are also found in Tilia; therefore, these fragments can

hardly be taken as proof that an ancient davidioid tree once grew in

Scotland.

The name Nyssa has been applied to numerous Tertiary leaf impressions

collected in the northern hemisphere during the past hundred years. In

many cases the impressions are incomplete and details are not preserved.

Even when preservation is good, it is difficult to establish the occurrence

of the genus from the leaves alone, for most Nyssa foliage is without

conspicuous identifying features. Kirchheimer has observed that leaves

and leaflets resembling entire-margined leaves of Nyssa may be found in

genera of Annonaceae, Moraceae, Juglandaceae, Fagaceae, Magnoliaceae,

Lauraceae, Sapindaceae, Ebenaceae and Apocynaceae (1938, p. 78). On

the other hand, some of the reports of Nyssa currently appearing in

paleobotanical literature not only are based on well-preserved leaf im-

pressions but also are supported by associated nyssoid pollen or fruits and

by the remains of other plants that would be found today associated in a

Nyssa-Taxodium swamp.

Kirchheimer catalogued very meticulously the fossil leaves attributed

to Nyssa in literature published prior to 1938; therefore, we shall mention

only those that have been reported since that date. The name A7
, europaea,

originally published by linger in 1845, has been applied during the past

decade to leaf remains from the Miocene of Poland (Kownas, 1955) and to

Pliocene impressions from Georgian S. S. R. (Kolakovskiy, 1957) and

from the Vienna Basin (Berger, 1952). A new name, N. rottensis, was

applied by Weyland (1941) to leaves collected in Oligocene beds of

Germany; subsequently this name was treated as a synonym of N. europaea

Ung. by Kownas (1955). Other new names that have been assigned to

supposedly nyssoid leaf impressions by European authors are N. zaisanica

Grubov (in Krishtofovich, 1956), based on Oligocene material collected

near Lake Zaysan in Kazakhstan, and N. hungarica Andreanszky (1959),

based on a specimen from the Sarmatian beds of northern Hungary.

Andreanszky's fossil has been compared with the foliage of modern N.

aquatica because of its size and its coarsely serrated margin. Johnson

(1941) used the name N. elliptica in describing a leaf imprint from pre-

sumably Oligocene sediments of County Tyrone, Northern Ireland, but the

very brief description is unaccompanied by an illustration; consequently,

Johnson's name has no validity under the International Code of Botanical

Nomenclature. Krishtofovich and Baykovskaya referred to a leaf imprint



330 JOURNAL OF THE ARNOLD ARBORETUM [vol. xliv

(1951, PI. VI, fig. 2) found in Miocene deposits of the Donets Basin
simply as "Nyssa sp.'\ and Pantic (1956) listed Nyssa as a constituent of

a lower Miocene leaf-llorule in Yugoslavia.

Probably the most reliable of all the European reports is that of Kriiusel

and Weyland (1954), who based their identification on a microscopic com-
parison between epidermal cells of modern Nyssa leaves and leaves ob-
tained from Oligocene beds of East Germany.

Leaf impressions that are presumably referable to Nyssa have been
reported frequently from Tertiary deposits of the western United States.

Chaney and Axelrod (1959) simplified the treatment of these remains by
combining many specimens from different horizons and localities into two
fossil species, N. copcana (Lesq.) Chaney k Axelrod and N. hesperia
Berry. The first of these species includes leaves formerly referred to N.
elaenoides Lesq. (Condit, 1944; Axelrod. 1944), A7

, orcgonensis Smith
(1938), and to other genera as well. The closest modern equivalent is

said to be N. sylvatica. The name N. hesperia was originallv applied by
Berry (1931) to fruits preserved as casts in the Latah formation at Spo-
kane, Washington. Chaney and Axelrod follow the broadened usage begun
by Brown (1937b. 1946) in assigning many of the leaves previously called
N. knowltonii to N. hesperia. According to these authors, the fruits

resemble markedly those of modern AT
. aquatica.

We find that the similarity between Nyssa hesperia and A7
, aquatica has

been overstated. The fossil fruits from Spokane are in fact morphologically
similar to fruits of the .V. sylvatica alliance, a point which will be taken up
in another section of this paper. Admittedly, the venation of the fossil

leaves figured by Brown (1937a, PI. 62, figs. 1-3; especially fig. 3) is

matched in leaves of A. aquatica. However, the coarse, subapical teeth
that Brown took to indicate a relationship with N. aquatica are not com-
parable in position to the more hasally situated teeth sometimes found on
the leaf-margins of this species. (Teeth are occasionally present on leaves
of N. ogeche and A. sylvatica as well, but we have never seen a leaf of any
species of Nyssa on which the teeth were located only near the apex.)

Other American leaf impressions were described by MacGinitie (1941,
p. 152) as Nyssa caliinniica. These leaves were found in the Eocene
Chalk Bluffs flora of California along with nyssoid fruits. MacGinitie
compared the leaves with modern A. sylvatica and included both organs
under one specific name, citing a fruit as the hohtype ( PI. 40. fig. 4). More
recently, Becker (1961) designated leaf impressions from the Oligocene
Ruby River flora as A7

, crenata. a name originallv coined bv Chaney
(1920). Smiley (1961, p. 177) mentions Xyssa as a member of the Mio-
Pliocene Ellensburg lima; however, his systematic treatment has not been
published at the time of this writing.

Brown's posthumous work on the Paleocene flora of the Rocky Moun-
tains and Great Plains (1062) includes the new combination Nyssa alata
(Ward) Brown and a new species, X. horealis. The names are applied to
fossils resembling modern leaves of A7

, sylvatica and A7
, aquatica,

respectively.
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Table I and the distribution maps (Maps 1-3) do not include records

based only on leaf impressions, because such records are often doubtful or

completely worthless. However, when leaves resembling Nyssa have been

reported in association with nyssoid pollen or fruits, this fact has been

noted in Table I.

TERTIARY POLLEN

The tricolporate pollen grains of modern Nyssaceae have been described

by Wodehouse (1935, 1942), Erdtman (1952), and Chao (1954), and by

a number of other workers who have had occasion to examine modern

pollen in connection with their fossil studies. Among the latter are

Ingwersen, who presented a very detailed description (1954, pp. 58-60),

and Traverse (1955), who offered observations on the Asiatic nyssas,

which are not included in most works. The pollen of Camptotheca is said

to be very similar to that of Nyssa, and the two would not be readily

separable in the fossil condition. According to Erdtman (1952), Davidia

pollen differs morphologically from the pollen of other nyssaceous species

;

according to Chao (1954, p. 99), however, there are no significant mor-

phological differences between nyssoid and davidioid pollen.

Pollen grains of modern Nyssa sylvatka measured by Macko (1959)

were 29 ^ and 31 /x in diameter; the average polar diameter obtained by

Chao (1954) from this same species was 45.9 fi. Almost all of the pub-

lished measurements obtained from any modern nyssaceous species would
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fall between these two extremes; however, Davidia pollen is said to be

somewhat smaller (Erdtman, 1952), and the diameter of N. ogeehe pollen

has been reported as 51 p (Wodehouse, 1942). The latter report is of

interest because large fossil forms have been reported by several authors,

e.g., Nyssa ingentipollinia Traverse (1955), Nyssoidites rodderensis

Thiergart (Potonie, 1960), and Nyssa f. magna (Doktorowicz-Hrebnicka,

1957a). This suggests that a careful comparative study of fossil and
modern Nyssa pollen might enable one to infer affinities below the generic

level. It should be added in passing that some of the fossil pollen that

has been assigned to Nyssaceae is smaller than pollen of the modern species.

Pokrovskaya (1956b, pp. 200, 201) figures grains as small as 16.5 /* in

Nomenclatural treatment of fossil pollen grains differs widely from
author to author, some workers favoring a natural system, others a "half-

natural" system, still others a completely artificial system. Thus, nyssoid
pollen grains have been recorded as Nyssa, as Nyssapollenites, and
Nyssoidites (Potonie, 1960), and as Tricolporopollenites (Thomson &
Pflug, 1953). Many authors elect not to coin specific epithets for fossil

pollen and simply report "Nyssa sp.," appending numerical subscripts

(Pokrovskaya, 1956a, p. 351) or letters, etc., when the nyssoid pollen can
be subdivided on the basis of size or of minor morphological features.

Other authors treat the microfossils in the same manner as macroscopic
remains, assigning binomials according to the International Code of

Botanical Nomenclature. For ins! a nee, I he names Nyssa neshobensis, N.
thompsoniana. and .V. UigoHipoUinio were given by Traverse (1955) to

exines found in the Brandon lignite. In the system originated by Thomson
and Pflug, the binomial Tricolporopollenites kruschii R. Pot. is applied to

exines with the same morphological characteristics as modern nyssaceous
pollen, and variants in size and minor features are indicated as "sub-

*< ^ ',</,
..'», i

- amth ftticus R. Pot., T. kruschii subsp. triangu-
(u •, lanley, efi

As a result of the rapid world-wide increase in palynological research
during the past two decades, nyssaceous pollen has been collected from a
great many localities in Europe, Asia, and North America and from all

Tertiary horizons, Paleocene through Pliocene. Some localities have
yielded only a single questionable exine, but in others (e.g., Raukopf,
1959, p. 17) the nyssoid grain con I u more than 10 per cent of the
arboreal pollen. 1 Localities from which nyssaceous pollen has been record-
ed are listed in Table I. We have not attempted a critical evaluation of
each report, because in many cases there is no accompanying illustration.

Most of the European records are supported by associated fruit-remains,

by paleoecological evidence, and by the opinions of distinguished palynolo-
gists. On the other hand, Kirchheimer (1938, p. 133) and Thomson (1954,
p. 337) have mentioned the possibility of confusing the smaller nyssoid

1 Lewis and Cocke (1929) found that the pollen of Nyssa reaches a maximum of

locality where trees of Nyssa are very abundant today.



Map 2. Reports of Tertiary Nyssaceae in Europe (fruits and pollen). Copyright, Rand McNally Co.
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exines with pollen of Rhamnaceae and Vitaceae, and a number of authors
have stated their belief that the so-called Nyssa pollen collected from early
Tertiary beds was produced by ancient mastixioid tret's as well as by
nyssaceous trees (see, for instance, Thiergart, 1945, pp. 63-65).

In compiling Table I, we have attempted to be thorough; undoubtedly,
however, some localities have been overlooked. A truly complete compila-
tion would be very difficult in view of the great diversify of works in which
palynological reports now appear. Some of these works, especially those
in Slavic languages, are not obtainable even in our major libraries.

Furthermore, we have not intentionally included reports based on a single

pollen grain or reports regarded by their authors as questionable, with one
exception: the recording of pollen resembling A vsso from the early Tertiary
of Kotel'nyy Island in the Arctic Ocean ( Kuprianova, 1060, PI. V, fig. 2).
This locality is particularly interesting because it is by far the most north-
ern site from which Nyssa has been reported in recent years. (All of the
older records of Arctic Xyssa were based on poorly preserved leaves and
misidentified fruits.) The same deposits yielded pollen of Liquidambar,
Taxodiaceae, and other temperate plants.

Table I. Localil From Which Fossil Nyss;
Been Reported

Harding Co., S. D.

Nevada Co, Calif.

Bluffs flora)

Wheeler Co, Calif.

(Clarno flora)

Trinity Co, Calif.

(Weaverville flon

Vantage, Wash.

int. Id:..;

Washington Co,

Dayville, Ore.

Stinking Water f

Uliu- Ml. lloni no

Fr, L

Fr, P. I,
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San Pablo, Calif. U Mio
Benton, Ark. L Eo
Chester Co., Tenn. L Eo
Puryear, Tenn. M Eo
Bell City, Ky. M Eo
Hardeman Co., Tenn. M Eo
Smithville, Tex. M Eo
Lufkin, Tex. M Eo
Claiborne Bluffs, Ala. M Eo
Trinity Co., Tex. Oligo

Columbus, Ky. Oliro

Karnes Co, Tex. Oligo

Jones, i960

Berry, 1916a

London Clay localities:

Sheppey; Heme Bay;
Bognor LEo Fr, P Chandler, 1961

Bournemouth Beds and

Bagshot Beds M Eo Fr Chandler, 1962

Bovey Tracey, Devi M Oligo Fr Chandler, 1957

France
St. Tudy (Finistere M Eo Fr

La Sennetierre (LA Eo P
Landean (I.-et-V.) P Durand, 1959

Orignac (H.-P.) Mio P Sittler, i 9S 8

Joursac & Sainte-Reine

(Cantal) Mio P Sittler, 1958

Alleriot (S.-et-L.) Oldest Plio P Sittler, 1958

Soufflenheim (B.-R. UPlio Fr Kirchheimer, 1

Netherlands
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Table I. {Continued)

Salten; Silkeborg U Oligo?

Bjerregarde; Studsgard Mio

dweller Paleo & Eo
Helmstedt Paleo & Eo
Geiseltal near Merseburg M Eo

Messel near Darmstadt M & U Eo
Kassel UEo to L Oligo

! I< i
«-<• niath near Aachen M or U Oligo

Rur Valley near Diiren M or U Oligo

Rott near Bonn U Oligo?

Niederpleis near Siegburg M or U Oligo

Offenbach on the Main M or U Oligo

Sieblos (Rhon Mts.) M Oligo

Regis near Altenburg,

Saxony
Vicinity of Mittweida &
Grimma, Saxony M or U Oligo

Kl i near Senftenberg M or U Oligo

Wiesa near Kamenz M or U Oligo

iMai'\li!'im in the Lower
Main region Oligo

Schacht Houtgen near

Thomson 8 Pfiug, IC

Thomson < Pflug, 1

Thomson 8 Pfiug, 1

Thomson i Pflug, ic

Thomson 8 Pflug, 1

Kirchheim

Kirchheimer, 1938;
r

son, 1958

Thiergart, 1958; We

Mumper & Pflug,

Haidhof near Ponholz,

Wackersdorf, Bavaria

Kaldenkirchen

•A ilersv 1st, North Rhine-

Westphalia

Lower Main Valley:

Htichst; '

Niederrad

Wetter Valley r

Friedberg

Kirchheimer, 1957

Kn-chlieimer, 1957 ; Le-
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Table I. (Continued)

Ampflwang in Hausruck L Pli<

,
Rein, & Teichmuller,

Zittau Valley

Miroslawice Gome

Klodnica Valley near

Konin on the Warta
Dobrzyn on the Vistu

Nowa Wies near O]

Kownas,

Lower Si

>oznan cla

Olsztyn a

Czechoslovakia
Vrsovice near Louny

(Laun) L Mio
Handlova UMio
Vonsov (Fonsau) near

Cheb Plio

Ugljevik in NE Bosnia Late Olii

Pljevlja in Montenegro M Mio

Rudolph,

Weyland, Pflug, & Pantic,

I9S8

Weyland, Pflug, & Pantic,
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Table I. {Continued)

P Weyland, Pflug, & Pantic

vlio Fr Pantic, 1957

K< i I, 'r mi, ill 1

Voronezh Regioi

(Alio Plic,

n\ 1 I 1 ,,, n> '

Cherkassy Region,

Ukrainian SSR
Environs of Kiev
Novotroitskoye near

Volnovakha, Ukrainian

Weyland, Pflug,

Weyland, Pflug,
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Table I. {Continued)

Zhilanchik Basin

;

NW Kazakhstan S

Kurgan Region

>okrovskaya, 1954, 1956c

1956b; Abuzyarova, 19

55, 19S8; Boytsova ,

Pokrovskaya, 1954; Kor
nilova, 1955; Zaklin

kova, 1956

Fr, P, L Krishtofc

thcT;

Kolesnikova, 1961

Dorofeycv, 1960a

j Zaklinskaya, 1058
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TERTIARY WOODS

Fossil woods of Nyssaceae are extremely rare. Apparently none were

described in the scientific literature until Beck (1945) reported a collection

of two dozen specimens gathered in Idaho, Oregon, and central Washington.

Beck did not attempt a formal systematic and descriptive treatment of his

woods, but he did section the fossils, and he compared them with sections of

woods of three modem Nyssa species — iV. sylvatica, N. aquatica, and N.

ogeche. He found that all of the modern woods used for reference could

be matched by one or more of his fossils. Beck concluded that we have the

choice of "one extremeh variable Miocene species or as many or more

species as represented in eastern America today."

Subsequently, Prakash and Barghoorn (1961) discovered a single speci-

men of silicified Nyssa wood among material collected from the Miocene

Columbia Basalts near Vantage, Washington, the same area from which

Beck obtained most of his Nyssa fossils. This wood was described in detail

and designated as a new fossil species, N. cydei. The authors stated (p.

354) that "a survey of the structural features of the fossil indicates that the

nearest affinity of the fossil is with Nyssa ogeche"

The comparison of Nyssa eydei with modern AT

. ogeche was stated rather

emphatically, because the imperforate tracheary elements of the fossil wood

have exceptionally thin walls and large lumina, features that are character-

istic of N. ogeche specimens in the reference collection of the Arnold

Arboretum. While preparing the present paper, however, we had occasion

to re-examine the reference slides in association with Dr. Prakash, and we

found that this collection also contains some specimens of N. aquatica wood

in which the fibers have thin walls and large lumina. Possibly these thinner-

walled specimens of N. aquatica were taken from the lower portions of

trees: Penfound (1934) reported that the wall thickness of all wood com-

ponents in trees of this species is less at the base of the trunk than at

higher levels. (It is well-known that the spongy root-wood was formerly
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used to make surgeon's tents. See, for instance, Merck's 1907 Index, p.

450.) Gradation in wall thickness in wood of N. aquatica is apparently

related to the swamp habitat, and it seems not unlikely that a similar

gradation would also be found in stems of other aquatic nyssas. At any
rate, thin-walled structure is not confined to wood of N . ogecke; therefore,

the presence of this character in the fossil N. eydei cannot be taken as

proof that N. ogeche is its nearest living equivalent. 2

So far there has been only one other nyssaceous wood described in the

paleobotanical literature. The specimen was found as a pebble in the

Ombetsu River near Kushiro, Japan, and its stratigraphic source is not

known. Madel (1959) described the fine structure of this fossil and as-

signed it to Nyssoxylon, a form-genus created to include fossil woods show-

ing features in common with modern Nyssa and Davidia. The Japanese
fossil was named Nyssoxylon japonicum Madel and this species was desig-

nated as the type of the new genus.

Mention of a fossil Nyssa wood is made in the unpublished doctoral

dissertation of Dukes (1961). The exact source of the silicified specimen
that Dukes believes to be a Nyssa remnant is unknown ; the wood was ac-

quired from a collector in Louisiana, and it may be of Wilcox (lower

Eocene) age.

TERTIARY FRUITS

Paleobotanists of the 19th century frequently compared any longitu-

dinally ridged or striated fruit with Nyssa. As a result, a map presented by
Berry (1923, p. 245), which purported to show the ancient distribution of

Nyssa, contained a number of Arctic localities. These represented, at least

in part, records of
uNyssidium" fruits, which Heer (1870) had erroneously

compared with modern Nyssa. Subsequently, Brown (1939) transferred

Heer's Nyssidium species, along with leaves formerly known as Nyssa
arctica Heer and Nyssa reticulata Heer, to Cercidiphyllum. The fossil

fruits Nyssa denveriana Knowlton and \ > <o , ansa Knowlton were
transferred to Cercidiphyllum at the same time. Many of these same fossils

have since been assigned to Trochodendrocarpus by Khrishtofovich (1958).
The characteristic germination valve of the Nyssa stone was discovered 3

" Sudworth and Mell, in their 1- 1 mi li in uiihmg Ameiican 'gumwoods" (1911,

Forest Products Research Laboratory, Great Britain, have expressed doubt that woods
of American Nyssa species can be separated (Brazier and Franklin, 1961, p. 30), and
Dr. B. F. Kukachka, wood anatomist of the U. S. Forest Products Laboratory, has
written, "So far as I am concerned, the normal stem wood of the various species is so

similar as to preclude the possibility of specific determination with any degree of

3 Actually, the method of germination was known to Mark Catesby, who published
the earliest botanical description of a Nyssa tree and to Piter Collinson, who
first introduced the genus into England. The phenomenon is mentioned in a post-
humous work of Catesby's (1763, p. 11) and in a letter written by Collinson to John
Bartram in 1741 (Darlington, 1849, p. 147).
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by C. and E. M. Reid during their paleobotanical researches (1915) and

later reported by Hill (1933). The detection of this structure made

possible the easy recognition of most well-preserved Nyssa fruits and the

rejection or transfei I main fossils that had been mistakenly referred to

Nyssaceae. Thus, forms previously known as Nyssa obovata Weber,

Nvssites Geyler & Kinkelin, and Pscudonyssa Kinkelin have been placed

in Styrax (see Kirchheimer, 1957, pp. 315, 316), and several of the

"Nvssa" species found in the Bovey Tracey lignite have turned out to be

(Chandler, 1957).

During the past 30 years, the various revisionary

Chandler, Kirchheimer, and Miki have established sound taxonomic order

in the European and Japanese collections of fossil Xyssa fruits. Since these

authors have not had access to American specimens, however, the record

in this hemisphere has remained in confusion. This is especially true of the

abundant and excellently preserved Nyssa fruits of the Brandon, Vermont,

brown coal deposit, for these remains had been very poorly investigated, in

spite of the fact that they excited considerable botanical interest, from time

to time, for more than a century.

Historical details regarding the Brandon lignite have been presented

elsewhere (see Barghoorn and Spackman. 1°50; Traverse, 1955) and need

not be reviewed here except where the fossil Xyssa fruits are concerned.

The first scientific paper dealing with the lignite, written by Edward Hitch-

cOck and published in the Arnvrkun Journal oj Sficm r ( 1853), included 20
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sketches of fossil fruits and seeds, some of them exhibiting the characteristic
nyssoid germination valve. This paper was also published in 1853 as pp.
22-34 of House Document 39, Commonwealth of Massachusetts. Hitch-
cock presented preliminary descriptive comments on the fossils, but he
assigned no names to them; instead he sent a set of specimens to Leo
Lesquereux, at that time America foremosl uthoril >n fossil plants, who
published further descriptive n.niil md i igned binomials. Meanwhile,
Hitchcock prepared a modified version of his 1853 paper — with additional
drawings— and published this in his Report on the Geology of Vermont
(1861). Lesquereux's paper containing the names of the fossils was dupli-
cated in the second volume of the Report. Nomenclaturally, this is an
unusual situation: Lesquereux's names are validated by illustrations that
appeared earlier in Hitchcock's paper. Moreover, both papers were pre-
sented twice in the scientific literature— first in the American Journal of
Science, then in the Geology of Venn oat

Since the pioneer work of Hitchcock and Lesquereux, there has been
only one attempt al , gem n I > tem; ti< treatment of the Brandon fruit
remains, that of G. H. Perkins, State Geologist of Vermont. Perhaps the
kindest thing that can be said foi Perkins : work (1904, 1905, 1906) is that
it introduced photographs of the Brandon fruits and seeds into the scientific

and thereby brought renewed attention to an important fossil
locality. From the botanical virtually valu
less. Almost every minor variatioi in e shape, and preservation ..__
named as a "new species," and descriptions embodied little more than a
statement regarding the dimensions and outline of each specimen. Hardly
any new suggestions were made regarding the modern affinities of the
fossils instead most of the "species" were placed in poorly defined form-
genera. The largest nyssoid fruits were designated as Glossocarpellites,
and others were classified as Monocarpellites, Bicarpellites, or Tricarpel-
lites, depending upon the apparent number of carpels. As a result of this
procedure, fruits that might very well have been borne on the same plant
were assigned to different form-genera. Following Lesquereux, Perkins
designated some of the smaller Brandon fruits as Nyssa — indeed, he listed
19 "species" of Nyssa— but we have found only a part of these to be
nyssoid during our investigation.

For our own studies, we have had available a larger collection of speci-
mens than Perkins possessed. Moreover, most of our material is better
preserved than Perkins's material, for it has not been allowed to dry since
its removal from

, h< I, ,„f. \\ h () ] ( )nii( , ,wu ( ih cted by breaking-
chunks of lignite in the hands and keeping them moist until their trans-
ferral to the laboratory, where they were soaked for a few days in hydro-
fluoric acid or brushed vigorously to remove adhering quartz particles.
(Physical and chemical characteristics of the lignite were discussed by
Barghoorn and Spackman, 1950.) After prolonged washing in running
water to remove the acid, the specimens were transferred to a solution of
glycerine, ethanol, and water, in which they have been kept for several
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We found it convenient to immerse individual specimens in a dish of

water while examining them with the dissecting microscope. When dry

specimens were desired for photographic or display purposes, we placed

wet fruits under an inverted beaker and allowed them to dry out very

gradually, for rapid desiccation produces cracks and other distortions.

Internal structure was studied by means of microtome sections, some of

the specimens being embedded in celloidin before cutting. The fossils

were much softer and more easily sectioned than their modern counterparts.

In the systematic revision of the Brandon nyssas that follows, we have

recognized four major morphological groups and have designated them as

fossil species, making new nomenclatural combinations where necessary.

In addition, we are assigning a new epithet to the Japanese fossil fruit

previously called Nyssa rugosa by Miki (1956). We are very grateful to

Professor Miki for sending specimens of this fossil and of other fossil

nyssas from Japan so that we could compare them with our Brandon

material.

Nomenclatural treatment of the Brandon fruits has been very much

simplified by the location of the original specimens figured by Edward

Hitchcock in 1853 and 1861 and by C. H. Hitchcock in 1862. This mate-

rial was formerly housed in the American Museum of Natural History

(see Perkins, 1904, p. 171) and was transferred to the U. S. National

Museum in 1955. Through the cooperation of Drs. S. Mamay and J. A.

Wolfe of the U. S. Geological Survey the specimens were examined several

times during our investigation and some of them were photographed for

inclusion in this paper. The fossils are carefully labelled with the numbers

of the figures in Hitchcock's 1861 publication, and a comparison of the

mote distinctive specimens with Hitchcock's illustrations shows that they

are indeed the figured fruits.

Taxom I MIC Treat.m f.xt

1. Nyssa brandoniana (Lesq.) Eyde & Barghoorn, comb. nov.

Figs. 1, 6, 7.

Unnamed fruit, E. Hitchcock. Am. Jour. Sci. II. 15: 97. fig. 1. 1853, Geol. Vt.

1: 229. figs. 111-116. 1861.

Carpoll (lies brandoniana Lesquercux, Am. Jour. Sci. II. 32: 3>(i. 1861, in

Hitchcock, Geol. Vt. 2: 713. 1861; Knowlton, Bull. Torrey Cluh 29: 640.

pi. 25, figs. 1, 2, 11, 12. 1902; Perkins, Rep. Vt. State Geol. 4: 175. pi. 75,

figs.
10,' 11, 20. 1904.

Carpolitlirs clongatus Perkins, Rep. Vt. State Geol. 4: 176. pi. 75, figs. 1-3.

Carpolithes emarginatus Perkins, ibid. 177. pi. 75, fig. 4.

Carpolitl/cs grandis Perkins, ibid. 178.

Curpontiles lliteheoekii Perkins, ibid. 179. pi. 75, fig. 19.

Carpolithes mueronat its Perkins, ibid. 179. pi. 75, figs. 15, 17.

Carpolithes obtusus Perkins, ibid. 177. pi. 75, figs. 5-8, 14.

Carpolithes ovatus Perkins, ibid. 178. pi. 75, fig. 9.

Carpolithes parvus Perkins, ibid. 179.

.Carpolithes simph I'crkin bid. \ i >

''-*.
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Carpolithes solidus Perkins, ibid. 179. pi. 75, fig. 18.

Carpolithes vermontanus Perkins, ibid. 179. pi. 75, fig. 13.

Glossocarpellites elongatus Perkins, Bull. Geol. Soc. Am. 16: 511. pi. 87, fig.

17. 1905, Rep. Vt. State Geol. 5: pi. 53, jig. 17. 1906.

Glossocarpellites obtusus Perkins, Bull. Geol. Soc. Am. 16: 511. pi. 87, jig. 16.

1905, Rep. Vt. State Geol. 5: pi. 53, jig. 16. 1906.

Glossocarpellites parvus Perkins, Bull. Geol. Soc. Am. 16: 510. pi. 86, fig. 15.

1905, Rep. Vt. State Geol. 5: 207. pi. 52, fig. 15. 1906.

Glossocarpellites grandis Perkins, Rep. Vt. State Geol. 5: 206. pi. 54, figs. 1-3.

Description.— Endocarps 25-45 mm. long, 18-30 mm. broad;

rounded, elliptical, or obovate in outline; compressed in dorso-ventral

direction. Unilocular, with conspicuous outline of germination valve

usually extending slightly more than half the length of endocarp; valve

narrower at base, wider above, tapering to acuminate apex. Surface of

endocarp relatively smooth (sometimes warty in places) with occasional

bits of leathery skin adhering to best-preserved specimens. Prominent

mid-dorsal ridge present on upper half of valve, pits on both sides of dorsal

ridge and at center of valve base indicating points where minor vascular

strands passed from dorsal carpellary bundle into endocarp wall. Several

longitudinal grooves at base of stone indicate former position of major

peripheral bundles, and six or more pairs of grooves arching from sides of

stone to placental region on flattened ventral surface indicate former

position of ovular supply. Endocarp wall thinnest (about 2 mm.) near

apex, thickest (more than 4 mm.) near base, composed of thick-walled

fibers, as in modern Nyssa.

Material.— There are about 50 fruits and numerous fragments in the

Paleobotanical Collections of the Botanical Museum, Harvard University

(No. 56599). Most of these specimens have been kept in preservative,

and some of them show remarkable retention of external details. Rapid
drying evidently causes gaping of the valve and longitudinal splitting of

the endocarp wall at the base of the dehiscence line, for such distortions

are frequently encountered in material collected by earlier workers. Speci-

mens figured by Hitchcock (1861) as figs. 111-117 and named Carpolithes

brandoniana by Lesquereux are in the U. S. National Museum; all of

these fruits are of the same kind except the one corresponding to fig. 117,

which is a Nyssa jissilis. The specimens for Hitchcock's figs. 111-113 bear

U. S. N. M. nos. 42066^2068. We have chosen U. S. N. M. 42067 as the

lectotype.

Affinities.— The relatively smooth surface, the conspicuous valve

margins, and the vascular pattern of Nyssa brandoniana are duplicated so

closely in fruits of modern N. javanica that a close alliance of the two

cannot be doubted. The fossils are much larger, to be sure, but the oc-

currence of the unusually large-fruited form "A7
, megacarpa" (the status

of this plant is discussed by Eyde, 1963) proves that modern Nyssa has
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not completely lost the genetic capacity for producing endocarps of ex-

ceptional size. The fossil differs from its modern counterpart in the pos-

session of more massive ventral valve margins and in the greater number
of placental strands visible on the ventral surface. Furthermore, marks

of minor branches of the dorsal bundle are not commonly noticeable on the

valve of N. javanica fruits. It is interesting that members of this alliance

had already become unilocular in the early Tertiary; most other nyssas

at that time produced fruits in which two or more locules were common.
The Miocene 1 a l formation ha cielded an inipn ion i ilaig

resembling modern Xvssa javanica in observable surficial features. A
germination valve is not discernible with certainty, but the shape of the

fruit, undulations of the relatively smooth surface, and imprints of trans-

verse fibers are very suggestive of X. javanica. The specimen, U. S. N. M.
37012, was collected in Spokane. Washington, and figured and described

by Knowlton (1926) as Carpiles magnifica; Berry (1929) renamed it

Nyssa magnified. If this is indeed a Nyssa fruit, it is the closest fossil

ally of A. brandoniana.

The fossil fruits Palaconyssa multilocularis (Reid & Chandler, 1933;

Chandler, 1961), and P. spatulata (Scott, 1954), from Eocene deposits of

England and Oregon, respectively, share an important feature with Nyssa
brandoniana and A', javanica, i.e., relative smoothness of the external

surface. Other Xyssa fruits, fossil or modern, bear prominent ridges and
grooves that have developed in association with vascular bundles supplying

superior parts of the flower. In N. brandoniana marks of these peripheral

bundles may be found on the basal part of the fruit, but at higher levels

any sculpturing is associated with rarpellarv vasculature only. The ''broad

gently rounded ribs" mentioned by Reid and Chandler in their description

of P. multilocularis (1933, p. 432) occur only opposite the septa and are

associated with ventral carpellaries, rather than peripheral bundles; Scott's

specimens were described as "at most slightly ridged. " A possible phylo-

genetic relationship between Palaconyssa. X . hrandouiana, and N . javanica

will be discussed along with the affinities of A. fissilts.

2. Nyssa fissilis (Lesq.) Eyde & Barghoorn. comb. nov.

Figs. 2, 12-14, 23-25.

Unnamed fruit. E. Hitchcock, Am. Jour. Sci. II. 15: 98. figs. 2, 3, 6, 12. 1853
Geol. Vt. 1: 229. figs. 117-128. 1861.

1 "t>»li l 'i\<. quereux Am Jour Sci 11.32:356. 1861. in Hitchcock

n /
' 1 . <j1l [ II ,1

cock. Geol. Vt. 2: 714. 1861.

Jour. Sci. II 32: 3 6. 186, in Hitch-

CarpoUthes irregularis l.es(|uercux, Ai

cock. Geol. Vt. 2: 714. 1861.

l. Jour. Sci. II. 32: 3 6. 1861 in Hitch-

Fagus Hitchcoi kii Lesquereux, Ann
cock, Geol. Vt. 2: 714. 1861.

our. Sci. II. 32: 3 5 . 1861; in Hitch-

Tricarpcllitcs fissilis Knowlton. Ih.il.

1902; Perkins, Rep. Vt. State Geo
Geol. Soc. Am. 16: 512. pi. 87, fig.

Torrev Club

4: 188. pi. 7

19. 1905.

29: 64

7, figs.

. pi. 25 figs. 7, 8

<H)4. Hull
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Aristolochites apicalis Perkins. Rep. Vt. State Geol. 4: 203. pi. 80, fig. 144.

1904.

Bicarpellites Grayami Perkins, ibid. 190. pi. 78, fig. 69.

Bicarpellites Knowltonii Perkins, Rep. Vt. State Geol. 4: 191. pi. 78, figs. 71,

72. 1904, Bull. Geol. Soc. Am. 16: 510. pi. 86, fig. 14. 1905, Rep. Vt. State

Geol. 5: pi. 52, fig. 13. 1906.

Bicarpellii obesus erkin Rep. Vt State Geol. 4: 191. pi. 78, fig. 75. 1904.

,„,//' / ,/. s I . I I iii m,u 191 pi i
' n 76

r ,, ,

• /, ^ > „ ' ''"</ lyi /»/ r,i '/i;. /f)

Bicarpellites vermoni„»i I I n //»'rf. 192. £/. 75, ^. 55, 59.

tfzcon'a biacuminan, I" .! m /,W 193. /»/. 75, /igs. 77, 51, Bull. Geol. Soc.

Am. 16: 512. pi. 87, fig. 22. 1905, Rep. Vt. State Geol. 5: pi. 53, fig. 22.

1906.

Hicoroides angulata Perkins. //;«/. 4: 183. pi. 76. figs. 28. 32. 33. 1904, Bull.

Geol. Soc. Am. 16: 513. pi. 87, fig. 27. 1905, Rep. Vt. State Geol. 5: pi. 53,

fig. 27. 1906.

Hicoroides ellipsoidal V kin • i

{ Stat. Geo] 4 184 pi 76 l 11 L'J04

Bull. Geol. Soc. Am. 16: 513. />/. 57, ./n?. 26. 1905, Rep. Vt. State Geol. 5:

pi. 53, fig. 26. 1906.

'I no, vdts globulus I'. 1 1 in ihio i
1-

!
>t Ui,s 12 } 19Q|

Hicoroides pawn Pcrkm /M LSI pi 81. fa; h 3

)i , dt s trian ulart I'erkin /M 183 # 76, /?? 40.

Juglans brandonnuiK, Vil m //>/,? 18? // 76 '/<; >6 I ull. Geol. Soc. Am.

16: 511. #. 57, jJg. 21. 1905, Rep. Vt. State Geol. 5: #. 53. fig. 21. 1906.

Monocarpellites elegans Perkins, Rep. Vt. State Geol. 4: 181. pi. 76. figs. 25,

Monocarpellites gibbosiis Perkin PPJ 181 />/ 76 ?<< 26 Pull. Geol. Soc. Am.

16: 512. pi. 87 fig PS 190 Pep t.S e Geol. 5: pi tig. IS PK)<>

Monocarpellites .'<hm,k,i firkins ?M 4: 1*2 pi. 76, fig. 29. 1904.

. , / / / , / 1 / t i rl in-, ibid LSI. /» ', rt 2

Monocarpellites mcdiits »

J

« rl in: /<W. 182. />/. 76, ^. 34.

vlonocarpellitcs orbicularis erkin ,//>" LSI ;/ 76 /a '/

Monocarpellites o alls Perl in /6/rf. 182. /»/. 76, ^. J5.

Monocarpellites pyramidalis Perkins, ifo'd. 180. #. 76, ,/zg. 22.

\! onoi. i, mil ii a! aln 1 rk m fr/d 180. #. 76, /ig. 23, Bull. Geol. Soc. Am.

16: 512. />/. 87, fig. 20. 1905. Rep \t i ue ( e 1
s pi 53 fig. 20. 1906.

Mono car-pelliU rki « 4 182 £/ 76. fig JJ. 1904.

Monocarpellites II /Perkin /W. 180. #. 76, fig. 21.

1 karpellil acuminatus P. kin ibid. 190. pi. 78, fig. 83.

Tricarpellites amygdaloideus Perkins, i&id 188. pi. 77, fig. 58.

rricarpellit s angjdai s Perl in ibid 187. ;•/ P m' 5)

pellit, arinalus Perkin ifod. 186. #. 77, A?- 47.

rricarpcllites caslanoides P rkii //v J 1&7. pi. 77, fig. 54.

Tricarpellites conti utu erl in /& ,/ 189 £/. 77, /zg. 67.

A ,,/' (////< />,// iii /> , 1
' /' / U" >-

l , , , , t ifur;,; I'.r! ins /6zi. 186. #. 77, /zg. 45.

z
,' ' m, / I i

1

i bn " ;
/'/. 77, /zg. 59.

Tricarpellites hemiovalis Perkins, ibid. 190. pi. 81, fig. 171.

imt'li < 'I ill !)
\

< i ' ~~ U '

Tricarpellites lignite . ikm Pw' \%b. pi. 77, fig. 46.

Tricarpellites major Perkins, *Wd. 189. £/. 77, ^. 66.

Tricarpellites obesus Perkins, ibid. 188. £/. 77, fig. 60.



JOURNAL OF THE ARNOLD ARBORETUM [vol. xliv

fig. 53.

77, fig. 68.

irpellites rostratus Perkins, ibid. 1S7. pi. 77, fig. 52.

irpellites rugosus Perkins, ibid. 187. pi. 77. fig. 55.

carpellites Seelyi Perkins, ibid. 189. pi. 77, fig. 65.

arpellites abbreviates Perkiir ,{»,l s ;u<> /,/ 50, fig. 1. 1906.

Bicarpellites attenuates Perkins, *Wrf. 210. />/. 54. ^g. P.

? bicarinatus Perkins, ibid. 210. />/. 3-/, //.^ in.

Bicarpellites brevi.s V I m >/>/«'
1 / f

Bicarpellites carinates Perkins, *Wd. 210. pi. 54, fig. 11.

I i,,i V///7. ' rassiis I

J

- 1

1 in . ibid. 211. /»/. 55, ^. 2, J.

r^/i'n tmitnhnui, Pukius W " 1 i
»

/

rpellites inequalis Perkins, &*d 11 . />/. 55, Jig. 4.

rpellites lanceolatus Perkins, zWd. 211. />/. 55, fig. 5.

Bicarpellites lotus Perkins, ibid. 212. pi. 55, figs. 6, 7.

IV,,• a, pellites major Perkins, ibid. 212. pi. 55, figs. 8, 11, 12.

•rpellites medius Perkins, ibid. 212. pi. 55, figs. 9, 10.

•rpellites ovatus Perkins, ibid. 213. pi. 55, fig. 14.

', 'h,. t>< I. !lo.sn.\ ]' 1! 1- ibid 213. pi. 55, fig. 15.

rpellites parvus Perkins, ibid !

'

,/ , 1 i'i, 1 \'t I m- ibid 211 pi v> //.' J

Bicarpellites qiuub n< I i'm /"« '14 />/ 5rt, ./?? J

Bicarpellites solidus Perkins, ibid. 215. pi. 56, fig. 4.

Bicarpellites sulcatus Perkins, ibid. 215. pi. 56, figs. 5, 6.

Hicoroides levis Perkins, ibid. 217. pi. 56, fig. 15.

1
"

1 1 OS. /;/. 54, I I

Monocarpellites multicostates Perkins, ibid. 208. pi. 54, figs. 5-7.

1/ <>><,>< a, pellites prunijormis Perkins, ibid. 20S pi. 54. fig. S.

1 'I , * 1
1 1 //> ,' id pi ur ^.s. ii, i2.

Tricarpellites brant > ,i w > lm >/'/</ 21; (4. 56, figs. 13, 14.

Triearpellites cur/us Perkins, /'ft/'rf. 2 16. />/. >7>. /?g.v. 7, 5.

,
" , - / /,i, '« crl in //)/,/ 210 />/ v>, ft\'.s. C, /().

Description. — Endocarps 17-44 mm. long, 13 2tt mm. broad, 5-15

mm. thick across inflated base; rounded, elliptical, ovate, or obovate in

outline; flattened, elliptical, concavo-convex, or triangular in cross section;

bearing a short apical mucro when well-preserved. Mostly bilocular, occa-

sionally trilocular, perhaps also unilocular; triangular germination valves

usually occupying somewhat less than half the length of endocarp. Surface

divided into 10-15 prominent longitudinal ridges (sometimes obscured by

compression or abrasion) and intervening grooves, with remnants of

heavy vascular strands visible in places along crests of ridges. Fibrous

endocarp wall up to 5 mm. thick.

Material. — There are about 750 fruits of this species among the

Paleobotanical Collections of the Botanical Museum, Harvard University

(No. 56600), exhibiting a very wide range of variability in size and shape.

The dimensions given above include the largest and smallest specimens

obtained from the lignite.

In addition, we have found two specimens of Nyssa fissilis (No. 56601)
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among fruits taken from the silt that overlies the lignite (see Barghoorn &
Spackman, 1950, for a description of this deposit). One of these silt fruits

(Figs. 23, 24) is the smallest A", fissilis we have seen, measuring 13 mm. in

length and 9 mm. in breadth. The other (Fig. 25) has a very narrow

outline— measuring 21 mm. in length and 7.5 mm. in diameter— and

unusually sharp ridges. The silt specimens are of special interest, for they

illustrate the differences in form that can be brought about by differences

in compressional conditions. Apparently the fruit called Artstolockites

apicalis by Perkins (1904, fig. 144) is also a Nyssa fissilis from the

Brandon silt. We have found the figured fossil, bearing Perkins's label,

among material sent to us by the Vermont State Museum, and it is similar

to our smaller silt specimen.

We have chosen U. S. N. M. 42071, the specimen shown as fig. 118 in

Hitchcock's 1861 report, as the lectotype for this species.

Affinities.— The most distinctive feature of the fruit of Nyssa fissilis

is the position of its peripheral vascular bundles on the crests of the ridges.

Since compression and abrasion frequently obscure this feature, it is for-

tunate that we were able to examine such a large collection of specimens.

Apparently Perkins had observed the marks of the peripheral strands

when, in a rare moment of descriptive zeal, he mentioned "rows of papillae"

along the ridges of his "Bita,p(llitr\ pa]>ii(osus" (1906, p. 213). Since

the only modern Nyssa fruit in which ridges and bundles are similarly as-

sociated is that of N. aquatica, it is not unreasonable to infer an affinity

between N. aquatica and N. fissilis.

One finds in A'; , . It jusl those differences that might reasonably

be expected if this fossil really is ancestrally related to the unilocular fruit

of N. aquatica: both locules and peripheral bundles are more plentiful.

(It follows that the appendages supplied by peripheral bundles were also

more numerous in the flowei from hich tl fissilis i nit developed than

in the modern counterparts.) We are not sure whether any of the fossils

are unilocular. Many of them appear to be unilocular when cut in half

(hence Perkins's designation Monocarpellitcs), but whenever we have

examined microtome sections of such specimens, we have found a tightly

closed abortive locule in addition to a fertile one. The N. fissilis popula-

tion was evidently one in which the ovary was undergoing reduction from a

trilocular to a bilocular condition: distinctly three-sided fruits are common,

but many of these completely lack a third locule.

Past attempts by various authors to oi i] < i Vyssa fruits with

fruits of A7
, aquatica have had no morphological basis. Impressions and

coalified fruits combined under the nam V. es >i (Chaney & Axelrod,

1959) have been examined during our investigation; and we find that they

bear broad rounded ridges with vascular bundles in intervening grooves,

as in the modern y implex. These features are very well pre-

served in specimens collected from the Latah formation (U. S. N. M. 38653,

38654, and some specimens without numbers) and in material from the

Mascall and Weaverville floras that was sent to us for inspection through
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the courtesy of Dr. Wayne L. Fry of the University of California Museum
of Paleontology (U. C. M. P. 1071, 3231, & 1275). A fruit from the

Citronelle formation in southern Alabama was designated as .V. aquatica-

formis by Berry (1916b, pp. 203, 204; PI. 47, fig. 8) because of a supposed

resemblance to A7
, aquatica. An inspection of Berry's figured specimen has

shown, however, that the fruit is in all observable features — size, shape,

and papery wings - identical with fruits of modern X. ogcchc. Berry

believed the fossil to be oi Plioo n : ige bul geological opinion has more

recently favored a Pleistocene age for the Citronelle formation (Fisk, 1945;

Doering, 1958). Since "X. aquaticajormis" was collected within or

almost within the v- « um mil me m •, ,";m //.' range, the finding

is of little importance.

On the other hau ! lio ue fruil found in i h i . u \
r

alley of central

Europe and coni| mi : l> • ^ >ti n< i ii i Ho (in ( 'zeczott, Zalewska,

& Skirgiello, 195')) with modern X yssa orcein looks much more like A7
.

aquatica. The heller m \\\ o t a nn« n v. !m Ii iIk i oli ,h authors show in

PI. 7, fig. 20, of theii work 1 ears three prominent ridges on the side of the

fruit where the vague outline of a valve can be seen; these ridges occupy

the same positions with respect to the valve as would the dorsal ridge and

two flanking ridges of a modem .V. aquatica stone. The Zittau Valley fossil

is not well-preserved and il mllio! cautiously call it
li ?Xyssa sp.". If

the suggested identification is correct, this fruit is probably an intermediate

between A\ fissilis and X. aquatica.

Many of the three-sided specimens of Xyssa fissilis resemble Palaconyssa

in size and shape, but the valves of the Brandon fossils are generally

triangular in outline, while those of Palaconyssa arc oval. Moreover,

Palaconyssa fruits do not have 10 15 ridges such as one finds on the sur-

face of A7
, fissilis. It seems unlikely that the relative smoothness of all

known Palaconyssa specimens is due to abrasion alone. We prefer to view

the three- or four-locular I'alarouyssa as representing a primitive smooth-

surfaced condition from which the ridged and furrowed X. fissilis fruit

has evolved. This change could have come about through increasing fusion

of peripheral bun. ! \ dim itm II, ou m ilk ancient flowers that produced
these fruits, and a consequent greater inlluence of the peripherals on the

development of the woody endocarp. Kyidence for such change has been

found in flowers of modern Nyssaceae.

Tn the first author's previous paper it was concluded that the modern
species Nyssa javanica and X. aquatica are more closely related to each

other than either one is to members of the A7
, sylvatica complex. This

relationship between A", javanica and X. aquatica could be explained by
assuming that Palaet nyssa is ancestral to both. In this view, A7

, brando-

niana and A7
, fissilis would be regarded as intermediates in the divergence,

A7
, fissilis representing a stage about halfway between Palaconyssa and

N. aquatica and X. brandonia na being much more like its modern counter-

part, X. javanica. This view would require a more rapid reduction in the

number of locules along the line that produced A7
, javanica and a slower
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reduction in the number of locules along the line that produced N. aquatica,

ultimately resulting in a unilocular ovary in each.

Nyssa complanata Lesqu Figs. 5.

E. Hitchcock, Am. Jour. Sci. II. 15: 100.

Geol. Vt. 1: 231. figs. 153, 154. 1861.

m.„ compUwata U quereux \m. Jour. Sci. II. 32: 361 . 1861, in Hitchcock.

Geol. Vt. 2: 717. 1861 ; Perkins. Rep. Vt. State Geol. 4: 198. pi 79, fig. 112.

1904, ibid. 5: 219. pi. 57. figs. 3. 5. 1906.
_

Nyssa microcarpa Lesquereux. Am. Jour, Sci. 11. ^2: 361. 1861, in Hitchcock,

Geol. Vt. 2: 717. 1861; Perkins, Rep. Vt. State Geol. 4: 194. pi. 79. fig. 90.

1904.

Hicarprll/i i » i Perkin /'/;/</ M 7
/

/ '
;

Vx,wi ,,/,/,/ PnLm ,/>„/ 1"" />/ 7<; . /// h,<i \n ,,l
,

u s

1906; Berrv, U. S. Geol. Surv. Prof. Paper 92: 125. pi. 19. fig. 10. 1930.

Lescuria attvnuata Perkins. Rep. Vt. State Geol. 5: 220. pi. 57. figs. 7-10. 1906.

Description. — Endocarp 5.6-11.8 mm. long. 3.2-8.8 mm. broad;

mostly ovate or elliptical in outline. Locules two to four, with triangular

valves confined to upper half of endocarp. Surface bears 10-15 rounded

longitudinal ridges with remains of vascular bundles in intervening grooves.

Internal vascular pattern visible in cross sections, conforming to pattern in

modern Nvssa svlvatica complex except for presence ol additional strands

in axis at base. Endocarp wall up to 800-.. thick, composed of single inner

layer of longitudinal fibers surrounded by narrow /one of circumlocular

fibers and outer region where aggregates of fibers run in many directions.

Material. — More than 250 specimens of Nyssa complanata in the

Paleobotanical Collections of the Botanical Museum. Harvard University

(No. 56602) were inspected and measured in the course of our work, many

of which were extremely frami". ni<l < . pmaith . m ,4)1 ed when handled.

This fragility is partly due to evaporation oi I in pm a- m<l on
.

.<>

museum shelf, followed b\ fungus attack, and partly due to the structure

of the endocarp wall itself. Splitting of the dorsal wall along the r

groove is quite (
show that in mo>! speci-

the septa are ruptured. The deformation thai accompanies sepia'

collapse frequently makes it impossible to ascertain In external examina-

tion the numbei ol 1< cul< in i fruil I In re a lattenerl won in n\ eollei

tion that appear beyond doubt to be unilocular, but whenever we have

sectioned one of these, we have found a second or even a third locule.

A few specimens have a live laced appearance, but sectioning has shown

this condition to be a compresuonal distortion ol a four celled fruit. As a

matter of curiosity, however, we have separated our collection mi (he basis

of external appearance and found 118 (46 per cent) "trilocular," and 101

(39 per cent) "bilocular," and 39 (15 pe, cent) mm loculai

The holotvpe for Nvssa complanata (U. S. V. M. 42074) is the fruit

h u ,
„ ,- „, Hi h J S01 work Our Fig. 5 is a photograph of
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lich Lesquereux assigned the name '

Affinities. — Tin- nearest living equivalents of Xyssa complanata are

members of the modern A", sylvatica complex. The fossils differ from their

modern counterparis in those respeets which might he anticipated in an
ancestral member of this alliance: they are multilocular and have more
numerous peripheral vascular bundles. The internal vascular supply
appears as dark spots in thick sections taken from the better specimens,

with the same pattern as that found in the modern fruits except for the

occurrence of a few extra strands in some of the fossils. These strands run
longitudinally in the basal part of the axis along which the septa are

united, and they diminish and disappear after a short distance. They can
best be interpreted as remnants ol a reteptacle tip extending slightly

beyond the bases of the carpels. We have not found similar strands in

modern nyssas. Another interesting feature of the fossils is the lobed

appearance of sections taken from the basal part of some of the three- or

four-locular fruits (Fig. 18). In such sections the carpels seem to retain

their distinctness more than in sections taken at higher levels in the fruit.

Histologically, the loss Is are ;nn cwhal more comparable to bilocular fruits

of X. sinensis than to fruits of X. sylvatica, for the thick ventral wall of

unilocular A7
, sylvatica has no exact counterpart among the fossils. Except

for the greater breadth of some compressed specimens, the size of the fossils

falls within the range of variation found in the modern Ar

. sylvatica com-
plex.

Fossils morphologically similar to Xyssa com Janata have been collected
in many countries of the northern hemisphere from horizons that range
from lower Komi, ;.. upon Miocene in age. The small lignitized Xyssa
stone from the Kocene Wilcox flora that Berry (1930) assigned to Perkins's

AT

. curia is indistinguishable from the smaller Brandon specimens; there-

fore, we ha\e ti u ierred rh< nam< A wilcoxiana
Berry (1916a, 1930, 1941) has been applied to a number of other Eocene
fossils from the southeastern United States, some of which, though poorly
preserved, resemble X. complanata in gross features. Two impressions
figured by Berry (1930. PI. 19, figs. 7 & 8) and entered in the collections

of the National Museum as U. S. X. M. 39920 are possibly related to the
Brandon species; however, there is insufficient retention of detail in these
specimens even for certain identification as Xyssa. A more convincing
impression (U. S. X. M. 36361), collected at "Station 20, Wilcox group"
and identified by Berry as A\ wilcoxiana, measures 13 mm. in length, 8

mm. in breadth, and shows the outline of a germinal ion valve and a ribbed
surface; it is likely that an impression of X. complanata would be very
similar in appearance. The fossil fruits collected in the western United
States and known as .V. hespcria (previously discussed in this article) and
N. californica Mactiinitie ( I "41 ) are very much like A', complanata except
for their somewhat greater size. The specimens of X. hesperia that we
have inspected range from 10-18 mm. in length.
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Fossil Nyssa fruits have been found in a great many localities on the

European continent (Table I), particularly in brown coal deposits. With

the exception of the rare form from the Zittau Valley that we have dis-

cussed under the affinities of V dssii ; all »f these fossils are allied to the

modern N. sylvatica complex. In the older literature a variety of names

were assigned to these remains, but Kirchheimer, who has been the prin-

cipal investigator of European Tertiary fruits and seeds, was unable to find

specific distinctions; therefore he combined all of these fossils into one

fossil species, A. disseminata (Kirchheimer, 1938). In recent years, the

name A7
, disseminata (Ludwig) Kirchheimer has been applied to almost all

, , ,! \ vssa fruits I umd in continental ; mope. The name has also been

applied to all similar remains found in Asiatic U. S. S. R. (Table I), except

for a recent finding from Oligocene deposits along the Tavda River, which

Dorofeyev (1961) has designated as N. macrocarpa. Unfortunately.

Dorofeyev's announcement of this finding includes only the new name and

some illustrations (PI. I, figs. 29-32) without an accompanying descrip-

tion of size and distinguishing features. It is not clear from the figures how

the Tavda River fossil is to he separated from A. disseminata. Even if the

proposed new species does differ in some important respect, it will have no

status under the rules of nomenclature until some sort of description has

been published.

Kirchheimer, in 1938 and again in 1957 (pp. 572, 573), has discussed

variation in Nyssa ' la Fossils from the Oligocene and Miocene

are usually larger (up to 22 mm. long) than Pliocene specimens (as little as

5 mm. in length). Furthermore, only the unilocular condition has been

reported for Pliocene fruits, whereas a minority of the older fruits are

bilocular and occasionally trilocular. Nyssa fruits with four locules have

not yet been noted among the continental European collections. Thus, the

N. complanata population differs from N. disseminata by virtue of its

greater average number of locules. There are also differences in average

size between early Tertiary specimens of AT
. disseminata and the Brandon

population. In other respects, however, the two are quite similar and

isolated fruits of N. complanata would surely be called N. disseminata if

they had been collected in a European brown coal.

British authors have preferred to maintain separate names for fossil

fruits of the Nyssa sylvatica alliance rather than to unite them with the

brown coal species. E. M. Reid (1927) described as N. oviformis two

silicified fruits collected from a presumably Eocene locality in Brittany.

The excellently preserved specimen shown in PI. I, fig. 4, of Mrs. Reid's

paper bears a marked resemblance in thickness and outline to a large

bilocular stone of modern AT
. sinensis. There are apparently no notable

differences between these French fossils and the London Clay fruits

described as Pi oto / s <

;
- by Reid and Chandler in 1933 (changed

to Nyssa bilocularis by Chandler, 1961). Miss Chandler (1957) used the

name N. boveyana for lignitized endocarps found in the Oligocene Bovey

Tracey lignite, material that is similar in size and general features to

modern N. sylvatica and to N. disseminata. The small pyritized fruit
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described by Miss Chandler as A\ cooped in tier recent revision of the

London Clay flora ( No! ) seems also to belong with this alliance, since its

major vascular bundles, wherever visible, are seen to he in longitudinal

grooves. This fossil bear,-, an interesting resemblance to A*, complanata in

size (9.5 mm. long and 0.25 mm. broad) and in the possession of three

locules. Unfortunately, only one specimen of A7
, cooperi is presently

known.

Pliocene fruits allied with the Xyssa sylvatica complex collected at a

number of localities in Japan were thoroughly reviewed by Miki (1956).

These fruits are so similar to A", sylvatica that Miki has used that name in

describing them. It is peculiar that all of these fossils are unilocular, since

the modern Xyssa population geographically closest is the frequently

bilocular A. sinensis of China.

In view of the general similarity of all of the fossils discussed in this

section and their dissimilarity to those discussed in preceding sections, it

seems we are dealing here with a natural group an evolutionary alliance

established in the early Tertiary (Xyssa cooperi, X. complanata) from

which the closely related modern species (X . sinensis, \ . sylvatica. and X.

biflora) have evolved. It can hardly be expected that all members of this

alliance would fall into a direct line of descent. Indeed, there must have

been numerous instances of divergence 1

, speciation. and extinction during

the course of the Tertiary, and a part of the variation in size and minor

features found in the fossil record of this group may be attributed to such

events. Considering the variation encountered in fruits collected from

modern members of the alliance, however, it is unlikely that we can detect

any evolutionary changes save the broader ones such as reduction in number
of locules.

The newly described Nyssoidea coccnica (Chandler, 1962). found in

middle Eocene strata of southern England, may possibly be related to this

same general alliance, since it has a similar arrangement of ridges and
vascular bundles and bears a superficial resemblance to members of the

modern Xyssa sylvatica complex. However. Xyssoit/ca coccnica is charac-

terized by a short germination valve and by an internal dorsal ridge on the

endoearp wall, a feature unknown in Xyssa species.

-. Nyssa lescurii (C. 11. Hitchcock) Perkins Figs. 3. 4, 8, 2

Curpoliti/cs Lescurii C. H. Hitchcock. Proc. Portland Soc. Nat. Hist.

pi. /. fig. 5. 1862.

Xxssa aseoidea Perkins. Rep. Vt. State Gcol. 4: 196. pi. 79. fig. 96. 19

Xyssa (larkii Perkins, ibid. 199. pi. 81. fig. 167.

Xyssa erassieos/ata Perkins, ibid. 1%. pi. 79. fig. 97. Bull. Geol. Soc. Ai

509. pi. S6. fig. 11. 1905, Rep. Vt. State Geol. 5: pi. 52. fig. 11. 1906

Xyssa elenigata Perkins. R cp . Xt. State Geol. 4: 197. pi. 79. fig. 11)2. 19

Xvssa C(;iticostdi<i Pei kins ibid. 198. pi. 79, fig. 110.

Xyssa exeavata Perkins, ibid. 199. pi. SI. fig. 166.

Xyssa Joncsii Perkins, ibid. 197. pi. 79. fig. 101. Bull. Geol. Soc. Am. 16

pi. So. fig. S. 1905.
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Nyssa lescurii Perkins. Rep. Vt. State Geol. 4: 197. pi. 79. fig. 100. 1904. Bull.

] „, v m I ,00 bl ,n fig 9 1905, Rep. Vt. State Geol. 5: 218.

f.l , n, U
t

/./ f; /,[; 2 1<W,

A>w malticostato <il ,n- ?/'»/ 1 I", /,/ 7" fti 70 1904.

\ vss / < w/<; I erkins, ibid. 196. #. 79, fig. 98.

\ VSS( , ,,, „/, „..,«, i
'< hn= ??;.ci *?: 21.-, />/ ^. figs. 16, 17. 1906.

7V;ywa ragcra sensu Krausel, Jahrb. Preuss. Geol. Landesanstalt 39: 387. 1918,

in part, not Weber, Palaeontographica 2: 185. />/. 20, fig. 10. 1852.

Description. — Endocarp 13.5-24 mm. long, 7-13.5 mm. broad; ellip-

tical or ovate in outline: often almost rounded in cross section. Short

conical projection at apex is encircled by irregular line of detachment of

perianth lobes. Unilocular or bilocular (both conditions common)
;

ger-

mination valves confined to apical half, not usually visible externally.

Surface divided into 10-15 (occasionally more) mostly rounded ribs with

vascular strands traversing intervening grooves. Transverse fibrous

elements composing outer part of endocarp wall visible on surface of broad-

est ribs. Endocarp wall up to 3 mm. thick (often thickest along dorsal

midline of valve); fibrous internal tissues greatlj compressed. Only the

thick outer cell walls of the outermost integumentary cell layer remain in

the tightly shut locules.

Material. — The Paleobotanical Collections of the Botanical Museum,

Harvard University, contain almost 50 specimens (all catalogued as No.

56603), many of them broken. Fruits of this kind have been collected only

from the Brandon silt; i.e., they have not been found in the lignite body

itself. Conversely, other fossil species of Nyssa have not been encountered

in the silt, except for the two examples of A7
, fissilis mentioned earlier.

This is a rather peculiar circumstance, since deposition of the Brandon silt

is believed to have followed deposition of the lignite without any great

intervening lapse of time (Traverse, 1955. p. 34).

It is evident that these fruits have been compressed in a different manner

from the nyssas found in the lignite. Most specimens are flattened little

or not at all, and there is no concavity of the dorsal region to mark the

position of the germination valve. The fibrous tissue has a very dense ap-

pearance in cross section, all or most of the lumina in the elements having

been obliterated.

Apparently there were no fruits of this kind among Edward Hitchcock s

original collections. The first description is that of C. H. Hitchcock

(1862), who was geologist for the state of Maine. The holotype (U. S. N. M.

42072) is the specimen figured with this description; it is one of the largest

examples of Nyssa lescurii that we have seen (Fig. 4).

Affinities. — These fossils have features in common with fossil and

modern members of the Nyssa sylvatica alliance, a fact which led Krausel

(1918) to unite them with the nyssas of the German brown coal as a single

fossil species. Nyssa lescurii is distinguishable from members of that al-

liance, however, by means of its thick endocarp wall, its conical apical



356 JOURNAL OF THE ARNOLD ARBORETUM [v.

projection, and its greate

are not nearly so long no
possible to confuse the two.

A further difference between Nyssa lescurii and AT

. complanata can be
seen when cross sections are compared under the microscope. The locule
in N. complanata is lined by a single layer of longitudinal fibers, surrounded
by a zone of transverse fibers arranged circumferentially around the
locule, but sections taken from A. lescurii show several lavers of longitudin-
al fibers between the locule and the zone of circumlocular fibers. The latter
arrangement seems to prevail in A. fissilis and A. hrandomana also; where-
as the fruits of modern A 'yssa species all seem to have a layer of longi-
tudinal fibers that is only one cell thick at most places in the endocarp.
The apical region of these fruits is distinctive. Remains of the disk and

of the rim along which calyx and corolla lobes were situated are not seen
in other Brandon nyssas. The conical projection is suggestive of a similar
structure to be found in flowers and fruits of N. o»cc//c and possibly indi-
cates a relationship between A\ lescurii and this modern species. The only
other fossil Nyssa fruit that we have seen on which the vestige of a conical
disk is present is X. pachycarpa Miki (1956), a thick-walled bilocular
fruit from the Japanese Pliocene (Fig. 26). Specimens of N. pachycarpa
tend to be more flattened than those of A. lescurii, but otherwise the two
fossils are very much alike. The fruit shown in cross section as item N(a)
of Miki's fig. 5 seems to be compressed in the same manner as the fossils
from the Brandon silt, the thickness of the endocarp wall being exaggerat-
ed along the center of the valve. Item N(b) of this same figure shows a
contrasting cross section from another fruit in which the valve is much
thinner.

A number of fossils having points in common with Nyssa lescurii have
been acquired from early Tertiary beds of the southern United States.
Some of these have been reported in | he literal are as .V. ivilcoxiana Berry, a
name that has been applied to an assortment of remains that differ consid-
erably in their observable features. An impression (U. S. N. M. 39922)
taken from the Eocene Holly Springs sand and fmuicd by Berry in 1930
(PI. 39, figs. 8. 9) resembles A", lescurii in >\y.c and shape, as also does a
coalified fruit from the Claiborne flora of Smithville, Texas (mentioned by
Berry in 1924, p. 89). The latter specimen is shown in our Figs. 21 and
22. Another fossil with simitar rharaclcristics is the impression (U. S.
N. M. 35979) from the Wilcox tlora that Berry called Ar

. eolignitica
(1916a, PI. 99, fig. 8). The Claiborne and Jackson tloras include' molds
known as N. tcxana Berry that may appropriately be discussed here be-
cause of their resemblance in ellipsoidal shape and broad ribbing to N.
lescurii. During our comparative review we have examined the material
originally figured by Berry (1924, PI. 22. fig. 5 & PI. 39. fig. 3) and now in
the National Museum as U. S. N. M. 3S332 and 3S3S7. and some addi-
tional collections, not previously reported, have been made available to us
through the courtesy of Dr. Jack Wolfe of the U. S. Geological Survey.
The latter material includes fruit molds from the vicinity of Columbus,
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Kentucky, and from Trinity County and Karnes County in Texas; accord-

ing to Dr. Wolfe, the strata from which these collections were made are of

Oligocene age. All of the molds are very much alike except for slight varia-

tions in size: Berry's figured specimens are about 30 mm. long; those from

Kentucky and Trinity County are 22-27 mm. long; and the better of two

molds from Karnes County is 19 mm. long (Fig. 20). Identification as

Nyssa is secure, because casts of the locules are nicely preserved in the

Trinity County material, and the outline of the germination valve is occa-

sionally quite clear (Fig. 10). The great abundance with which the molds

occur in the sandstone matrix is impi :i: H

County locality, where molds of mastixioid fruits as well as nyssoid fruits

are present (Fig. 9). The molds are larger than the lignitized N. Icscurii

fruits, and there is no evidence of an anical projection or of a second locule.

Moreover, the marks of the vascular bundles in the 12-15 longitudinal

grooves are thicker in the molds— perhaps owing to the former presence

of multiple strands in each groove— than they are in N. lescurii. Some

of these differences could be due to differences in preservation, however.

For instance, molds would not be expected to reveal the bilocular condition

if a second locule were abortive and tightly shut by com] ression.

Although all of the fossil men led i this discussion might con-

veniently be combined into one morphological category on the basis of

superficial similarities in size and general appearance, it is doubtful

whether they constitute a na ural gi ip , idging by the relationship be-

tween ridges and vascular bundles, each of these forms is more closely

related to the Nyssa sylvatica alliance than to Palaeonyssa, N. brandoniana

,

N. fissilis, etc. It is probable, however, that none of these forms is as

closely allied to N. sylvatica and its antecedents as are the forms discussed

under the affinities of N. complanata. Possibly N. Icscurii or one of the

other fossils that we have discussed here is ancestrally related to the

puzzling modern species N. ogeche; it is also possible that all of these

forms belong to evolutionary lines that have terminated i

5. Nyssa aspratilis Eyde & Barghoi

Remarks. — The new name is applied to larger (20-24 mm. long)

bilocular endocarps from the Japanese Pliocene that differ from Nyssa

pachycarpa in the extreme rugosity of their surfaces. The name Nyssa

rugosa cannot be used for these fruits, because this combination was

validly published more than a century ago by Weber as a designation for

certain fossils of the German brown coal (see Kirchheimer, 1938, for dis-

cussion and references). When we brought this point to the attention of

Professor Miki during his visit to Harvard in 1959, he requested that we

make the necessary nomenclatural change in our review.
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The affinities of Nyssa aspratilis are difficult to ascertain, because the

roughness of the sin I au ob un i\ • mail I main vascular bundles.

One specimen shows evidence of a median dorsal ridge (Fig. 11), indi-

cating a relationship with X. aquatica and A. javanica. The ridge is not

visible in other specimens that we have seen, however.

Rejected and Doubtful Forms

Nyssa cylindrica Perkins, Rep. Vt. State Geol. 4: 195. pi. 79, fig. 91. 1904.

Xyssa giaeilis Perry, Jour. Geol. 17: 2<). fig. 10. 1909.

Nyssa jacksoniana Perry. U. S. Geol. Surv. Prof. Paper 92: 192. pi. 65. fig. 7.

1924; Ball. Pull. Agr. Median. Coll. Tex. IV. 2: 168, pi. 24, fig. 7. 1931.

Xyssa laevigata Lesquereux, Am. Jour. Sci. II. 32: 361. 1861, in Hitchcock,

Geol. Vt. 2: 717. 1861.

Nyssa lamellosa Perkins. Rep. Vt. State Geol. 4: 195. pi. 79. figs. 93, 94. 1904.

Nyssa solca Perkins, ibid. 194. pi. 78, fig. 78.

The fossils listed by Perkins as Nyssa cylindrica, X. lamellosa, X.
laevigata, and X. solea have not been disposed of in the foregoing nomen-
clatural treatment. Xyssa cylindrica Perkins is a fragmentary specimen
of doubtful affinity, and V. laevigata Fesquereux is apparently a fossil

Symplocos. These names were applied to fossils figured by Hitchcock in

iSfji (il I iikI ! ( i,. 1
1 I Ifumimd pec imens are in the

National Museum. We have not seen the original fruits figured by Perkins

as A7
, solea and X. lamellos i, bul 'erkin photographs are matched by

fruits in our own collections; hence we have been able to establish the

identity of both. Nyssa solca may confidently be referred to Symplocos,

a genus that is well represei
I tram by poll n as well as fruit

remains. Perkins compared X. lamellosa, a large fruit with very thick

longitudinal wings, to modern X. ogeche, and Reid and Chandler accepted

the supposed affinity of this fossil to Xyssa "without hesitation" (1933,

p. 431). We had not investigated the internal structure at the time Pro-

fessor Miki visited the Harvard laboratory and suggested a comparison
with Melliodendron, a styracaceous genus that is encountered in the

Japanese lignites. Subsequently we prepared some microtome sections

from one of two examples of X. lamellosa in our collection and found that

the internal structure is very unlike that of Nyssa. A preliminary com-
parison with sections taken from a Melliodendron fruit suggests that X.
lamellosa is indeed a close rel ive < nodern Melliodendron.

In the course of oui i--. i< •. w : have also examined two fossils from the

southern United States that have been referred to Nyssa without adequate
evidence. The Miocene impression from Virginia described and figured by
Berry as X. gracilis is not at all convincing, and the same may be said for

the single specimen of X. jacksoniana Berry that we were able to examine.
The latter, bearing no. 1345, Collection of the A. & M. College of Texas,
was kindly sent on loan by Dr. F. W. Gould of that institution; it is one of

the fossils from the Fayette formation of Texas that Ball described as N.
jacksoniana Berry. The eight to ten impressions seen on this specimen



1963] EYDE & BARGHOORN, STUDIES OF NYSSACEAE. II 359

bear ridges that are much finer and more numerous than those of a Nyssa

stone, and there is no sign of a germination valve. We have not been able

to locate the fossils originally figured as N. jacksoniana by Berry.

It is unfortunate that remains of fruits of Camptotheca or Davidia have

not yet been correctly identified in the fossil record. The thick walled bi-

or trilocular fruit called Camptotheca crassa by C. and E. M. Reid (1915,

PL 14, figs. 1, 3, 4) is not at all like the thin-walled unilocular endocarp

of modern Camptotheca. Moreover, the hard bony wings mentioned by

the Reids in their description of the fuss,! c n hardh b< compared with the

'•'wings" of Camptotheca. which are the dried outer fleshy tissues of the

fruil wall A. crdii- l<» kiirl.heimer (1957, p. 184), "Camptotheca

crassa" is a fossil Halesia. [Miocene beds of Japan have yielded fruits

designated as Palcodavidia multiptn i m ( Tiki, 1956), but Professor Miki

has informed ih ii *i i i i<-n 'hat these remains were incorrectly iden-

tified and that they will subsequently be transferred to Styracaceae.

THE PLEISTOCENE RECORD

Pollen of Nyssaceae is not often reported from Pleistocene localities

that are beyond the present distributional limits of the family. European

palynologists have observed that deposits of Reuverian age (accepted as

upper Pliocene by most palynologists) characteristically contain pollen of

Fagus, Nyssa, Sciadopitys, I ><>, <•', >.iin,. « aiva >" ft • < arya, and Tsuga,

as well as pollen of the Taxodium type and the Sequoia type; of this list,

only Carya, Pterocarya, and Tsuga continue into overlying beds of Teglian

(lower Pleistocene) age (Rein, 1955; Florschutz, 1956; Zagwijn, 1960).

Similar observations have been made in Japan, and strata of uncertain age

are frequently classified on this basis, those containing pollen of Nyssa,

Taxodiaceae, and Liquidambar being.assigned to the Tertiary, and higher

strata lacking these groups being assigned to the Pleistocene.

Notwithstanding, there are a few records of nyssaceous pollen in Euro-

pean deposits presumed to be Pleistocene. For instance, Szafer (1954),

while investigating Pliocene and Pleistocene plant remains in southern

Poland, found Nyssa pollen in horizon "Mizerna [II," which he considers

a part of the oldest interglacial interval. Nyssaceous pollen has also been

recorded from interglacial strata of Italy (Paganelli, 1960) and of White

Russia (Makhnach, 1957; Tsapenko & Makhnach, 1959, pp. 101, 118).

The possibility of redeposition of Tertiary sediments is often acknowledged

by workers who encounter a limited amount of typically Tertiary pollen in

a Pleistocene horizon; on the other hand, it does not seem necessary to

assume that Nyssa was completely exterminated in Europe during the first

glaciation. The argument for the continuation of Nyssa in Europe— at

least locally— during a part of the Pleistocene would be strengthened

considerably by the discovery of fruit remains in sediments known to have

been deposited after the first glaciation. As far as we are aware, however,

the only findings of Pleistocene endocarps have been made in the south-

eastern United States (Berry, 1952), where Nyssa trees are plentiful today.
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Although the fossil record does not yet reveal the pattern of Pleistocene
extermination that resulted in the present disjunct distribution of the
Nyssaceae, the evidence is abundant that the family was widely distributed
on the northern continents from the beginning of the Tertiary until the
advent of the Ice Age. To judge from the variety of forms found in the
London Clay, in the Brandon deposits, and in the Japanese Pliocene beds,
the number of well-marked species has commonly been as great or greater
in past epochs than it is today. We may look forward to additional
paleobotanical findings— hopefully in strata of Cretaceous age— that will

extend our knowledge of this interesting family deeper into the past and
increase our understanding of the relationships between the Nyssaceae and
other groups of angiosperms.
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EXPLANATION OF PLATES

PLATE I

Figs. 1-5. Fossil Nyssa stones from Brandon. Fig. 1. N. brandoniana, speci-

mens figured by Hitchcock in 1861; center specimen is holotype (U. S. N. M.
42067). Fig. 2. \ fissilis from type collection, mounted on card and bearing

original label; holotype on lett ain ... (I S N M. 42071). Fig. 3. N.lescnrii,

Brandon lignite, sh )- in." ai . on n >\zt and shape. Fig. 4. X. h urn ' >lo

type (U. S. X. M. 42072). Fig. 5. X. complanata from Hitchcock's collection;

holotype (U . S. X. M. 42074) on left; fruit on right is original "N. microcarpa"

of Lesquereux. Figs. 1-3, natural size; Figs. 4 & 5, X 2.

Figs. 6-12. Figs. 6 & 7. Nyssa brandoniana, X 2.7, Brandon lignite— note

median ridge and marks of minor vascular strands on valves. Fig. 8. N. lescurii,

X 5, from Brandon, cut to show :
< i ii i

I In kness of endocarp wall at center

of valve. Fig. 9. Molds of nyssoid and mastixioid endocarps in sandstone matrix,

X ':; Oligocene, Trinity Co., Tex. Fig. 10. Smaller specimen, X 1, same
locality, showing locule cast of Nyssa fruit. 1< ig. i i V aspratilis, X 2.4, from

Japan— note rough surface and median dorsal ridge. Fig. 12. Apical view, X
2, of three-sided N. fissilis (Brandon lignite), showing two open valves; third

locule is often lacking in such stones.

PLATE IV

Fig. 14. Transections of bilocular Nyssa fissilis, X 5, from Brandon, showing

thickness and fibrous composition of endocarp wall— note remains of seed in

upper section.

PLATE V
Figs. 15-19. Nyssa complanata, Brandon lignite. Figs. 15 & 16, X 2.6, show

variation in size; fossils in Fig. 16 were photographed under water— note that

peripheral bundles are more numerous in specimens on right than in modern
N. sylvatica. Figs. 17-19. Transections, X 10. Fig. 17 is from a four-locular

stone with a five-sided appearance owing to splitting along mid-dorsal line oppo-

site one of the locules — note rupture and displacement of septa. Figs. 18 & 19

show basal sections of two trilocular stones; individual carpels are recognizable
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PLATE VI

Figs. 20-28. Fig. 20. Olitfocene fruit (half mold), X 2, from Karnes Co.,

Tex . which resenXlr Xys < in s /c and shape. V\c. 21. Focene stoiu".

X 2, from Smithville. Tex., with similar ft atures. IX;. 22. The same — opposite

side. Figs. 23-25. iV. Xw/7/.v collected fro n Brandon silt ( l'aleoholanical Cnllrr-

tions, Bot. Mus., Harvard AX. 5660/); th •se -tones have undergone more inten-

sive compression than the lignite specimei s shown in Fig. 13. Fig. 2^. Smallest

example of X tis ,
s kno\ n 'In 24. The same, apical view. Fig. 25.

Another stone, X 3 — note prominence o dorsal riders, narrow valve. Fig. 26.

.X (unhyairpa. X 2.7; Japanese Pliocene IX;, "'',

. X li'si /'//'/, apical end 5,

-how m>; i onical disk and run alont: wind perianth lobes wore located. Fig. 28.
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GREEN, NESTEGIS FROM NEW ZEALAND

THE GENUS NESTEGIS FROM NEW ZEALAND

P. S. Green

The four representatives of the Oleaceae native to New Zealand
form a closely related group which is characterized, in particular, by the

lack of a corolla. Endlicher (Prodr. Fl. Norfolk. 56. 1833), when pub-
lishing a description of the first known species, under Vahl's name Olea
apetala, proposed a separate section, Gymnelaea, to accommodate it, and
Spach (Hist. Nat. Veg. Phan. 8: 258. 1839) raised the section to generic

rank. However Rafinesque, scoffing at the idea of an apetalous Olea, had
proposed generic separation a year earlier than this, and validly, if

sketchily, published the name Nestegis (Sylva Tellur. 10. 1838). Never-
theless this apetalous condition is not unique in the family for it is also

found in two Asiatic species of Olea, in the New World Forestiera, and
in many members of the predominantly temperate genus Fraxmus

After being ignored for over a century the genus was recently revived
bv Johnson (as Gymnelaea, Contr. New S. Wales Nat. Herb. 2:411. 1957
and as Nestegis in Degener, New 111. Fl. Hawaiian Is. 300. Nestegis.

1958). There is no doubt that the New Zealand species are not members
of Olea in the strict sense, although until 1957 this had been their tradi-

tional classification. On the other hand the exact delimitation of Nestegis
is not clear. The affinity of the New Zealand species lies with plants from
New Caledonia which I have recently, if conservatively, treated in the

genus Osmanthus (Jour. Arnold Arb. 44: 268-283. 1963), with Australian
plants belonging to Notelaea, and I believe, with members of the predom-
inantly Malaysia . u . ra Lack of petals makes it difficult to

assess affinities with these other genera whose diagnostic characters are
primarily features of the corolla. Furthermore, since the four New Zealand
species form, amongst theniM I . ip.i. i natural group it seems best,

for the present, at least, to treat them in a separate genus, for which
Nestegis is the oldest name.

The species included in this revision are usually described as dioecious
but the situation cannot be so simply defined. From an examination of the
specimens cited in the accounts which follow, it became apparent that
monoecism also occurs and, in addition, flowers may be unisexual or
hermaphrodite, even on the same inflorescence or branch. Most flowers
were found to be unisexual, either female with nonfunctional stamens or
male with abortive ovaries, but hermaphrodite flowers with a fully devel-
oped ovary or with one which is diminutive yet apparently functional have
also been seen. The unisexual flowers are not uniform either. Female
flowers with no stamens, with small abortive stamens, or with fully de-
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appear to be constant from year to year, for in one gathering of Nestegis

cunninghamii (Healy 5J !()) hearing male flowers only (each with an

abortive ovary) fruits from the previous year were still carried on the

same shoots. Clearly, observations on the variability in sex expression are

needed on living plains, tarried mil over a period of years, between differ-

ent trees as well as between different branches and inflorescences of the

same tree. The number of stamens in each flower is also variable. Two is

the characteristic number, but except for X . cuuninghainii. three and four

have been seen in each species, and in X . laneeolata some flowers with six

have been found. Nor is this variation confined to functional stamens alone

for two, three, or four abortive ones may be developed in female flowers.

Like many woody plants of New Zealand the species of Xrstegis have

juvenile leaves which are quite dissimilar from those of the adult plant,

leading to difficulties in identitieation when immature specimens are taken.

There is need for more careful collecting to illustrate the authentic juvenile

foliage of each species. It appears, however, that when immature, Xestegis

apeta la differs markedh from the other species in possessing leaves which

may be broader than the adult and are certainly broader in proportion to

their length, whereas the other species have juvenile leaves which are

usually much narrower than the adult, and in proportion to their breadth,

clearly narrower. Even .V. montana. which show; I lie least difference be-

tween adult and juvenile foliage has immature leaves which are no broader

than the adult and may be longer.

Affinities between these four New Zealand species are conjectural.

Nestegis montana and, especially. Y. < nuniui;/iauiii both possess distinct

calyx tubes which may indicate some relationship, but the latter species has

inflorescences and young shoots densely hairy, often almost tomentose,

with distinctive hairs broadest at the base, and more or less appressed. N.
montana possesses a scattered puberulence ir these same parts but with

more slender, erect hairs different in aspect. A puberulence similar to this is

exhibited by A", lancvolata and the New Zealand material of A. apetala. in

which, however, the calyces lack a distinct tube. In leaf type each species

is distinctive and there are few morphological characters which can be used

to assess affinities.

I should like to express my grateful thanks and appreciation to the

directors and curators of the cited herbaria for the loan of material or facili-

ties for study. All she materia! cited has been examined, and the respective

herbaria are indicated by the abbreviations published in the Index Her-

bariorum, Ed. 4, 1959. I should particularly like to thank Dr. Lucy B.

Moore of New Zealand for information and helpful criticism based upon
her knowledge of the species in the field, and Miss Judith Kroll for the

drawing of the figures.

KEY TO THE SPECIES

1. Adult leaves up to 3 times as long as broad, elliptic to broadly elliptic, oc-

casionally slightly

rotund, about twit
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adult; primary veins of leaf, where visible, 5-7 (-8) per side; shoots glabrous

even when young. Norfolk Island and northern parts of North Island, New
Zealand 1. N. apetala.

1. Adult leaves 4 or more times as long as broad, usually narrowly lanceolate

to linear, at the most (and rarely! lanceolate or elliptic; juvenile leaves

narrowly lanceolate to linear, at least 6 times as long as broad, narrower in

proportion than the adult; primary v<

per side; shoot glabrescent or pube;

minutely so. New Zealand.

eaves when adult 1 cm. or mon
or elliptic, primary veins usually

mm. long.

3. Midrib above, and primary veins, flush or slightly raised above surface

of lamina, glabrous or glabrate, rarely pubescent, 4-6 (-7) per side

(more or lr- ol> i mi in mwnilt laaw i. inflorescence only puberu-

lous, sometimes sparingly o tov ird thi top i ilj s divided almost to

the base, tube (where developed) less than 1 mm. long

2. N. lanceolata.

3. Midrib above, and primary veins to some extent, impressed below

surface of lamina, pubescent when young, 8-10 per side (-12, or

obscure in juvenile U\nes) inllorcsience densely pubescent, almost

tomentose, at least before fruiting; calyx more or less campanulate

with distinct tube 1-2 mm. long (Fig. 3). 3 \ auniinghamii

2. Leaves when adult less than 1 cm. broad; linear or very narrowly

lanceolate, primary veins completely obscure or only barely visible;

petiole 3 mm. long or less 4. A. montana.

1. Nestegis apetala (Vahl) L. Johnson in Degener, New 111. Fl.

Hawaiian Is. 300. Nestegis. 1958.

Oka apetala Vahl, Symb. Bot. 3: 3. 1794 et Enum. PL 1: 42. 1804; Willdenow,

Linn. Sp. PI. ed. 4. 1: 46. 1797; Martyn in Miller, Card. Diet. ed. 9. 2:

Olea, no. 5. 1807; Roemer & Schultes, Syst. Veg. 1: 71. 1817; Endlicher,

Prodr. Fl. Norfolk. 56. 1833 et Ic. Gen. PI. pi. 54. 1838; G. Don, Gen.

Syst. 4: 48. 183 7; A. Cunningham, Ann. Nat. Hist. 2: 46. 1839; De

Candolle, Prodr. 8: 284. 1844; Kirk, Trans. New Zealand Inst. 3: 165.

1871; F. Muellei I ragmenta Phytogr. Austral. 8: 43. 1873, ibid. 9: 169.

1875; Kirk, Trans. New Zealand Inst. 14: 375. 1882 et Forest Fl. New
Zealand, 37, 38, pis. 27, 28. 1889; Cheeseman, Man. New Zealand Fl. 437.

1906 et ed. 2. Ill L925 Vllan, New Zealand Trees & Shrubs, 132. 1928;

Cockayne & Turner, Trees of New Zealand, 139. 1928; Cranwell & Moore,

Rec. Auck. Inst. Mus. 1: 308, 309. 1935; Allan, Fl. New Zealand, 1: 545.

1961.

Nestegis elhpti a • tin. qu Sylva Tellur. 10. 1838, nom. illegit.

Olea endlicheri F. Mueller, Fragmenta Phytogr. Austral. 8: 43. 1873 et Jour.

Bot. 23: 354. 1885.

Gymnelaea apetala (Vahl) L. Johnson, Contr. New S. Wales Natl. Herb. 2:

412. 1957; Allan, Fl. New Zealand 1: 1025. 1961.

Shrub or small tree, 3-6 m. tall, monoecious or dioecious, branches

glabrous, spreading, often tortuous {fide Kirk), bark grayish brown, thick

and furrowed {fide Kirk). Leaves glabrous, petiole 6-14 (-20) mm. long.
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glabrous; lamina coriaceous, elliptic to broadly elliptic, occasionally slight-

ly ovate or lanceolate, or even rotund when juvenile. (4.5-) 5-11 (-12.5)

cm. long by (1. 5-) 1.8-4 (-6) cm. broad (up to 14 cm. by 8.5 cm. when

juvenile); margin entire sligh h n I more or less undulate; apex

,M1 1 , uluiiiMiiti.il <<c lien. HI- iil)»pi< ulilf olten slightly recurved;

base attenuate or acute (or rounded in juvenile leaves), slightly decurrent

onto the petiole; venation usually obscure, only primary veins sometimes

barely visible, 5-7 (-8) per side; midrib above usually flush with the

lamina surface In flat met ixillan decu l< - .po-ile-flowered (oc-

casionally subopposite) often borne below the leaves. 1-3 per axil. 1.5-5

cm. long, 11-21-flowered (rarely 4 flowers pei node), glabrous or with

minute scattered puberulence (in New Zealand plants only)
;
bracts con-

cave, ovate or lanceolate. 2-3 mm. long, early deciduous. Flowers unisexual

or hermaphrodite (Fig. 1). pedicels 1-5 mm. long. Calyx glabrous with 4,

unequal, often nu ularh shaped »i de< pl\ erose teeth, (0.2-) 0.5-1 .5 mm.

long. Corolla absent. Stamens 2. occasionally to 4. in hermaphrodite or

male flowers, anthers 1.8-2.2 mm. long on broad filaments 0.2-0.5 mm.

long; in female flowers nonfunctional 0.5-1 mm. long. Ovary in herma-

phrodite or female flowers 1.5-3 mm. long with 2 stigmatic lobes 0.5-1.5

mm. long; in male flowers abortive, 0.5 mm. long with undeveloped stig-

matic lobes. Drupe oblong-ovoid, slightly asymmetrical, 10-15 mm. long

by 6-7 mm. broad, red (fide Checsemanj ;
endoearp hard, 0.3 mm. thick.

Holotypk: New Zealand, without locality, ex Herb. Vahl (o).

Norfolk Island. Ferd. Bauer (ex. Herb. Endlicher, w) ;
A. Cunningham 1 (k)

;

Nov. 1898, Robinson 153 Cxsw); 1902, Robinson 232 (nsw); May 1904,

Robinson s.n. (k) ; Nov. 1902, Maiden & Boorman s.n. (nsw)
;

11 Oct. 1962,

Ralston (cur 130986 -130991) ; Metcalfe s.n. (nsw).

New Zealand. North Island: bay of Islands, near Motuaroa. Dec 1769.

Banks & Solander s.n. (e): Bay of Islands, mar Oka Hay. Dec. 1956, Atkinson

(chr 970544 & B) \oranpi Id ml I'ooi Knights Islands 24 \pr 1961. New-

hook (chr 97311 A & B): Bis Chicken. Hen and Chicken Islands, coastal

forest, 18 Feb. 1962. Reynolds (chr 12008 A & 1U ;
Taranga Island, Kirk 517

(gh), March 1869. Kirk 166 (ki. 1875. Hector s.n. (gh, p) and Cheeseman

s.n. (nsw, ny) ;
Great Barrier Island. Kirk s.n. (nin and Jan. 1868, Kirk 54 p.p.

(k); Nelson Island. May 1S6S, Kirk 54 p.p. (k). Without definite locality, ex

Herb. Vahl (holotype, o).

Since, at the time of its first description, the most distinctive feature of

this species was its lack of corolla, the epithet apctala seemed most appro-

priate. However, when later collections from New Zealand revealed other

species without petals a certain amount of confusion arose which also

involved the type locality. Allan (Fl. New Zealand. 1: 545. 1961) gives

this locality as Norfolk Island, but Yards holotype is labelled "Nova

Zelandia" and there is no reason to doubt that (his is correct and that the

specimen was collected on either Captain Cook's first or second voyage.

However, the first full description and illustration were published by

Endlicher and based on the plant from Norfolk Island. Mueller, without

indicating how the} ma\ be di tin; uished epai itnl the Norfolk Island
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plant as a species, Olea endlichcri, but on the basis of geographical distribu-
tion alone this action is not justified. The fact that all the species from
New Zealand are apetalous misled several early workers, a point further
discussed under Nestegis cumiinghanui, the species with which there seems
to have been the most confusion.

To judge from the material of Nestegis apctala available for this investi-
gation there is one minor character by which the Norfolk Island plant
may be distinguished from the New Zealand material. The inflorescences
in all the material from the former area have proved to be completely
glabrous whereas every specimen examined from New Zealand has a minute
and scattered puberulence on the inflorescence rachis. It would be inter-
esting if this difference could be checked on an even wider range of material.

Nestegis apetala has an inflorescence and flowers similar to A. lanceolata,
although the inflorescence is more robust. Of all four species A\ apetala is

distinct in having leaves which are the broadest in proportion to their
length, a character especially evident in the juvenile foliage, which, as has
been pointed out above, is unique within Ihis'group. Although occurring j n
Norfolk Island, A\ apetala is the least widely distributed of the species in
New Zealand, occurring only in the northern parts of North Island as far
south as Great Barrier Island and now, I am informed bv Dr. Lucv B.
Moore, known almost exclusively from islands off the Auckland east coast
where it is, in places, locally dominant in low coastal forest.

2. Nestegis lanceolata (Hooker f.) L. Johnson in Degener. New 111.

''I- l <"' ,IU " • < 500 Nestegis. 1958.

Olea lanceolata Hooker f. Fl. Nov.-Zeland. 1: 176. 1852 et Handbook New
Zealand Fl. 186. 1X64; Kirk, Trans. \eu Zealand Inst. 14: 577 1882 et
Forest Fl. New Zealand. 107, 108, pis. 60. 61. 1889" Laing & Blackwell
I'iants New Zeala.nl. Ot. 1006 el eel. 5. 35,". 0>MV Ufuvse.nan. Man. New
Zealand Fl. 438. 1906 et ed. 2, 719. 1925, et 111. New Zealand Fl. 2: pi. 134.
1914 Mian New / I md In \ Mnuh 1 pi's ( ( „ki\ne\ I inner
Trees of New Zealand, 98. l«)2S; Bailey & Bailey, liortus, 428. 0)80, et
linrlus Second. 507. 0)41; (Index, Trans. Roy. Soc. New Zealand, S5: 5S.

^
1957; Allan, Fl. New Zealand 1: 546. I960

Gynniclaca lanceolata (Hooker I.) L. Johnson., Contr. New S Wales Natl
Herb. 2: 412. 1957; Allan Fl. New Zealand, 1: 1025. 1961.

Tree to about 15 m. tall {fide Kirk) with trunk to about 1 m. in
diameter (fide Kirk), monoecious oidioecious, branches puberulous. Leaves
glabrous, petioles (3-)4.S-ll mm. long, puberulous, at least when young;
lamina thickish or coriaceous, (narrowly ovate to) lanceolate or narrowly
lanceolate (to very narrowly lanceolate or almost linear in juvenile leaves)"
(3.5-) 5-9 (-11) cm. long by (0. 7-) 1-2.5 (-3.5) cm. broad (6-13 cm. long
or more by 0.4-0.8 cm. broad in juvenile leaves); margin entire, scarcely
thickened; apex acute; base attenuate, acute, slightly decurrent'onto the
petiole; venation with primary veins usually visible, 4-6 (-7) per side
(more or less obscure in juvenile leaves), sometimes obscurely reticulate,
midrib above flush or slightly raised above lamina surface. Inflorescence
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axillary, decussate, 1-3 per axil, 1-3 cm. long, 1 1-1 7-tlowered, somewhat
si md> . uberulou orn< tim< p iringl * Un n<j ih< p<\\ | M < i o tl

to lanceolate, slightly concave, 1-2 mm. long. early deciduous. Flowers

unisexual or hermaphrodite (Fig. 2). pedicels 0.5 3 mm lone. (A/v.v

glabrous, deeply divided almost (o the base into 4 unequal, irregular, often

somewhat erose teeth, 0.5-1.5 mm. long, or with a tube at the most 0.5 mm.
long, often smaller in the male than the female. Corolla absent. Stamens,

in male flowers 2-4(-6). anthers I 2 mm. long with a scarcely discernible

blunt appendage; filament broad 0.3-0.5 mm. long; in female flowers a

scarcely discernible ubtriangulai stump 0.1 mm high m .'< 1) iumi

functional anthers 1.5-2 mm. long, acute, filamenl broad 0.5-1 mm. long.

Ovary in female flowers 1.5--3 mm. long with 2 stigma tic. lobes 1-1.5 mm.
long; in male flowers abortive, more or less conical. 0.3-1 mm. high. Drupe
ellipsoid or oblong-ellipsoid. 8-11 mm. long by 4-5 mm. broad, crimson

(fide Hooker), red. or orange (fide Cheeseman); endocarp hard 0.3-0.6

mm. thick.

Lectotype: New Zealand, without locality, Colenso? or Sinclair? s.n.

New Zealand. North Island: "Radar" hush. Tc Paid Station. Far North,

forest. 31 Dec. 1953. Moore (cur 83637): Kaiaka. Dec. 1902. Cane s.n. (chr
11046. o); 3 m. W. of Broadwood tol ianga ( ... 10 \he I%1, Melville 5284
(chr i)f > lipoi i Po iii ill, high ( moj)\ \o\ 1961. Moore
(chr 129162-3): Waipoua, kauri forest. 7 Nov. 1961, Melville (52/0) & Moore
(chr 130563) ; Warkworth, without collector (chr 7842 > ; Warkworth, N. Auck-

land. Jan. 1930. Moore (chr 40504) : Mahurangi, Kirk s.n. (a) ; Simpson's Bush,

Warkworth, 3 Jan. 1946. Moore (chr 52896): Cowan's Bay Road, Rodney
County, bush edge. 4 Jan. 1962. Moore (chr 125571 2>: kiltie barrier Island,

19 Feb. 1905. Cockayne 0144 (e i
; Great Barrier Island. Kirk S3 & s.n. (k)

;

Cape Colville. Stony Pay. 193-. Moore (chr 40604): Auckland. May 1947, Gibbs

(chr 118760); Swanson, rain forest, April 1953. Mason (chr 22016); Huia
River. Manukau. April 1S71, Cheeseman s.n. ik, xy); Thames range, Tryon s.n.

(bri); Thames Gold Field. Kirk s.n. (on); Tairua. Thames. Adams s.n. (k)
;

Tolago Bay. Aug. 1929. Ma bold 4060 (xy); Ohakune Track. Mt. Ruapehu, 22

Oct. 1945. Mason (chr 54040); Tarawera. Ilawke's Bay. 2 Feb. 1909. Peine

(chr 118759): Ruahine Cook hoianical district. Merry Hill, Feilding, in rain

forest, March 1926. Allan (chr 11040. gh) ; Feilding, without collector, (chr
/' '

i ledum )
' 'I Ulan \ n (nm Maurkeville near Mt.

Bruce, 5 Feb. 1945, Zotov (chr 48665, 77632. & 112470); Western Lake

Reserve, Wairarapa. 4 May 1953, Moore (chr 120157): Lake Pouhui, S. W.
Wairarapa, forest remnant. 5 Sept. 1%0. Macmillan (chr 129160); Featherston,

Wairarapa, Dec. 1959, Moore (chr 120150) and 20 May 1960, Taylor (chr
129287); Featherston, Wairarapa. AbboU's Creek, forest remnant. 17 March
1953, Healy 53/520 (chr 85270): Maidstone Park, Cpper Hutt, 17 Dec. 1952,

Healy 52/469 (chr 84664). Dec. 1952, llealv 52/40 (cilr S8458 A-D) . 31 Dec.

C), and 10 Jan. 1955. llealv 58/71 (chr
i forest remnant. 3 Feb. l')55. Healy 58 245

l»v, IJ.alv - C u hr 84660 A & B) , Animal Research Station. Wal-

le. forest remnant on stem} Hats. 2 Apr. 1953, Healy S 58 oSO (chr
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82995 & 88442 A & B) and 18 Dec. 1952, Healy 52/476 (chr 84663 A~C)
;

Wellington, in bush, 600 m.. rare, March 1909, Trovers s.n. (V). Without local-

ity: 1826 A. Cunningham 65 & s.n. (k); Sinclair s.n. (hki. v.).

South Island: Maitai Valley. Nelson, Kirk s.n. (bri); Northern Wairoa
River. Cheeseman s.n. (k).

When describing Nestegis lanceolata for the first time Hooker dis-

tinguished two varieties without nnmiii!! them v.n a. foliis ovato-lanceo-

latis 3-uncialibus" and "var. (3, foliis anguste lineari-ellipticis 2-uncialibus."

Kirk (Trans. New Zealand Inst. 14: 377. 1882) gives additional charac-

ters for the two varieties, which he calls primary forms: "a. Bark of twigs

whitish, prominently waned, leaves ovate, lanceolate, acuminate, segments

of calyx linear/' and "b. Bail, o! I wigs ilai k, s< an eh warted, leaves linear-

lanceolate, racemes more slender than in var. a, segments of perianth

broader." Certainly some of the specimens I have examined do have larger

leaves than others, but two distinctly different leaf sizes do not seem evi-

dent and Allan in his recent Flora states that the distinction between the

forms is not at all clear cut. In fact, when the length of leaves was measured

on all the gatheiiu t imin t iml ite«l ho it v i hi nd that there was
continuous variation in tins character and no disjunction into two groups

whether the largest, smallest, or a typical leaf was chosen from each speci-

men; nor was any geographical pattern evident in the localities from

which the larger leaved specimens had been collected. An examination of

the inflorescences and calyces did not reveal any characters for the separa-

tion of two distinct entities either. However, observations in the field are

required and one possibility which calls for investigation is the chance that

the larger leaved plants are the result of hybridization between this species

and another. According to Cockayne and Allen (Ann. Bot. 48: 38. 1934)

'"hybrids [with Xestegis cunninghamii] appear to be not uncommon in

damaged forest" in the south of North Island where the two species are

said to be common Since no obvious hybrid material either of this or any
other parentage has been seen in this investigation, it would be valuable to

know whether these hybrids are sterile or fertile and. if the latter, to what
degree. Any hybrid with V. cnnniin>h(iviii might be expected to exhibit the

characteristic prominent golden (at least in dried material) hairs of this

species but these have not been seen in the variable material of N. lanceo-

lata.

According to Allan (Fl. New Zealand 1 : 546. 1961) the fruit of Nestegis

lanceolata usually has two seeds per locule but in all the fruiting specimens

I have seen there has been only a single seed, which is characteristic of all

the genera closely allied to Olea.

The distribution of Xestegis lanceolata is wide in the North Island and
in the South Island it has been recorded from the Wairoa Valley and from
Kaituna and the Rai Valley (Cheeseman, Man. Fl. New Zealand, ed. 2.

710, 1925). The native names are Maire and White Maire.

In the herbarium at Kew there are two sheets named Olea lanceolata

by Hooker from which the lectotype may be selected. These bear eight

specimens representing a mixture of gatherings, with four or possibly six
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entities between them; one sheet is annotated "var. a" (although this was

later deleted) and the other "var. B." In his diagnosis Hooker describes

only the flower and not the fruit; in fact, the fruit is hardly mentioned at

all in the protologue, so I have excluded the fruiting specimens from

consideration in the choice of lectotype. There then remain four specimens,

two with the larger leaves which would correspond to Hooker's var. a

and two with the smaller leaves of var. B. In light of the reference by

Cockayne and Allan (mentioned above) to hybridization, I have excluded

the larger leaved specimens because of the nomenclatural confusion that

would result should they be shown to represent plants of hybrid origin.

Two specimens remain, both on the sheet labelled "var. a." One, a mere

scrap, is contained in a paper capsule labelled "Flowers of 2424'' (a

Colenso number?) the other, a slightly more adequate specimen in the

bottom left-hand corner, is the one I have selected as lectotype. It is not

individually labelled and may possibly be further material of no. 2424 or.

alternatively, it may be the Sinclair material cited by Hooker in his

protologue. There appears to be no material labelled as Sinclair's at Kew

but this specimen certainly matches very closely sheets of Sinclair in the

Edinburgh and Brisbane herbaria. W hoever i ollei t< d it, it represents var.

B and bears leaves 4 to 6 cm. long and a few male flowers with dehisced

anthers.

3. Nestegis cunninghamii (Hooker f.) L. Johnson in Degener, New

111. Fl. Hawaiian Is. 300. Nestegis. 1958.

Olea cunninghamii Hooker f. Fl. Nov.-Zeland. 1: 175. 1852 et Handbook New

Zealand Fl. 186. 1864; Buchanan, Trans. New Zealand Inst. 6: 221. 1874;

Kirk, Trans. New Zealand Inst. 14: 376. 1882 et Forest Fl. New Zealand,

103-105. pi. 59 & 59B. 1889; Laing & Blackwell, Plants New Zealand, 334,

335. 1906 et ed. 5. 355. 1950; Cheeseman, Man. New Zealand Fl. 437.

1906 et ed 2. 718. 1925; Allan, New Zealand Trees & Shrubs, 132. 1928;

Cockayne & Turner, Trees of New Zealand, 92, 154. 1928; Bailey & Bailey.

Hortus, 423. 1930 et Hortus Second, 507. 1041; Gudex, Trans. Roy. Soc.

New Zealand, 85: 58. 1957; Allan, Fl. New Zealand, 1: 545. 1961.

Gymnelaea cunninghamii (Hooker f.) L. Johnson, Contr. New S. Wales Natl.

Herb. 2: 412. 1957; Allan, Fl. New Zealand, 1: 1025. 1961.

Tree to 20 m. tall (fide Kirk) with trunk to 1.5 m. in diameter (fide

Kirk), monoecious or dioecious, branches pubescent or becoming glabrous

with age. Leaves glabrous, petiole (4-) 7-14 (-17) mm. long, pubescent,

at least when young; lamina coriaceous, narrowly lanceolate or sometimes

narrowly ovate or elliptic (more or less linear-lanceolate when juvenile),

(5.5_) 7_12(_21) cm. long by (1.2-) 1.5-3 (-4.5) cm. broad (7-23 cm.

long by (0.4-)0.7-1.6 cm. broad when juvenile); margin entire, slightly

thickened; apex acute or occasionally almost obtuse, tip often blunt; base

acute (narrowly cuneate in juvenile leaves); venation obscure, primary

veins only just visible, 8-10 pairs (to 12 pairs in juvenile leaves or

obscure); midrib sunk, pubescent at least when young. Inflorescence

axillary, decussate, frequently borne below the leaves, 1 or occasionally 2
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per axil, 1.5-4 cm. long, lo dowered, stoul. densely pubescenl; bracts

concave, ovate or lanceolate. 2.5-4 mm. long, early deciduous, glabrous or

occasionally pubescent on the midrib toward the tip. especially the upper

ones. Flowers unisexual or occasionally hermaphrodite (Fig. 3), pedicels

1-2.5 mm. long. Calyx glabrous, more or less campanulas, 2 3 mm. long,

with 4 irregular, unequal, often more or less erose teeth, 0.5-1 mm. long,

tube 1-2 mm. long. Corolla absent. Stamens 2, in male and hermaphrodite
flowers, anthers 1.5-2 mm. long, with a barely discernible terminal ap-

pendage, filaments 1.5-3 mm. long; in female nonfunctional, anthers 0.5-

2 mm. long, acute, on broad filaments 0.4-1.3 mm. long. Ovary, in

female flowers 2-3.5 mm. long (in hermaphrodite (?) ca. 1 mm. long)' with

2 stigmatic lobes 1-1.5 mm. long; in male (lowers abortive, more or less

conical 0.5-0.8 mm. long, somewhat bluntly bifid at the apex. Drupe
ovoid or oblong-ovoid, slightly asymmetrical, 10-15 mm. long by 7-10
mm. broad, red (fide Cheeseman); endocarp hard, 0.3 mm. thick.

Lectotype: New Zealand, without Ideality. Colenso s.n. (k, ? isolecto-

typer).

New Zealand. North Island; Puma. Whangarei, Sept. 1899. AT. (chr
11047'); Kaitaia, North Auckland. Sept. 1902, Curse s.n. (o) ; Upper Waihaha
River, West Taupo, edge of mixed podocarp forest, 21 July 1950, Poole (chr
79236); Volcanic Plateau. I lauhangatahi. 9 Jan. 193 3, Allan (chr 657S & 6579
p.p.); N. W. slopes of Pureora. Ring Country, 820 m.. 21 Jan. 1947, Rawson
>•''•''- ^' !":< \l.!nit';aiH.|iatu, 18 March 1980. Moore (chr 40774); Egmont,
forest, ca. 400 m., Feb. 1960, Druce (chr 86726-7); Scenic Reserve, Rongo-

" h 1962. Melville 6736 (chr 130982-3) ; Makapoua
' Taihape. Spiers (chr 129161); Ruahine-Cook

aistrici. Kuanine mountains above Table-Flat, 18 Nov. 1928, Zotov (chr 360)
;

Dress Circle, 5 Nov. 1928, Zotov (chr 22673): Mauriceville, near Mt. Bruce',

5 Feb. 1945. Zotov (chr 48666) ; Wairarapa, Kirk s.n. (bri. gh)
; Drv River,

Wairarapa. Kirk (chr 118758); Ruamahatma. Wairarapa. May 1879, Kirk 894
md s.n. (k); Ruamahantia basin. Kirk- s.n. ( a )

; Eastern Wairarapa, near 'Ta-
haoa Pinnacles," Pahaoa River, 25 Oct. 1958, Mason 2537 (chr 81796); S. W.
Wairarapa, Lake Pounui, forest remnant. 8 Sept. 1060. Macmillan (chr 129159);
S. W. Wairarapa, Western Fake Reserve, forest edire, 8 Sept. I960. Moore (cur
129158 A & B); Upper llutt, remnant tree enclosed in shrubbv area 14 pin
1953, Healy 53/870 (cur 8079oa-e); near railway station. Silverstream. Hutt
Valley, remnant tree by creek. 6 Dec. 1958. Uealv (our 85915A & B); Paku-
ratahi, Kirk 614 (k) and 1 Nov. 1941. Moore (chr 11058. 50055. & 50037);
Barton's Bush, Lower Hutt, 10 Oct 1950, Boole (cor 00158); Wallaceville',
Research Station grounds. Sept. 1945, Sinclair (cur 60587 )

: behind Wallaceville
laboratories. Wellington. 18 Sept. 1945, Moore (chr 40121-2);- Korokoro Do-
main, 7 Sept. 1952, Hut son (chr 83395); Ohakune, near Wellington, taxad
forest, 9 Oct. 1929. Sledge 172 (k); Carden of B. C. Aston. Wellington. 20 Sept.

1948, Poole (chr 61878); Cape Palliser. Kirk s.n. (nsw). Without locality:
Colenso 712. 1798. and 2056 (k), and s.n. (k, lectotvpe. p. ?isolectotype')
without collector (chr 11037A & B)

.

Cultivated. U.S.A.: Oohlen Cate bark. San Francisco, California sprite 1951
Wdither s.n. (a).
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From each of the other New Zealand species Nestcgis cunninghamii

may be distinguished by its relatively stout, hairy inflorescence axes and

pedicels, and its somewhat campanulate calyx. At least on dried material

the hairs usually appear golden in color and although to a lesser or greater

extent the other species bear scattered hairs on the axes they are never

almost tomentose. *
-

\ ana approaches this species in possessing

a distinct calyx tube but it is smaller (less than 1 mm. long) and sur-

rounds the androecium and gynoecium less than in N. cunninghamii.

Another feature which may I I I t< i inguish material of this species

is the way in which the midrib on the upper side of the leaf is sunk below

the surface of the I tnina Th i
evident even in juvenile foliage which is

also identifiable by the possession of at least a few characteristic hairs on

the petioles or in their axils.

This species was early confused with Vestegis apetala because of its

apetalous condition, but 'from my examination of the specimens cited above

I do not believe it is the Olea apetala of Allan Cunningham as first sug-

gested by Hooker in his Flora Not at -/< la idi •
i ug ;< stion subsequently

copied by others. Hooker was under the impression that N. apetala was

confined to Norfolk Island and did not include it in either of his Floras,

while the reference to N. apetala by Cunningham in his Florae Insularum

Novae Zclandiac Precursor (Ann. Nat. Hist. 2: 46. 1839) cites two

gatherings, one by Sir Joseph Banks in 1769 and the other his own, in

1826. Despite the citation of what is presumably these same two gatherings

by Hooker in his protologue of this species, a duplicate of the Banks speci-

men in the Edinburgh herbarium shows it to be AT
. apetala, and although

I have seen Cunningham material of this same species from Kew I have

seen none of N'. cunninghamii It ippeai that Kirl was the first to draw

attention to the fact that Vahl's species is, in fact, a native of New Zealand

. ,, ,. \ , ... \ ,/.,<• : r , i ,s at included in the

Handbook of the New Zealand Flora" (Trans. New Zealand Inst. 3: 165.

1871) and, as mentioned under N. apetala, .Mueller went so far as to

distinguish the Norfolk Island plant as a different species, Olea endlicheri.

Widely distributed in the North Island of New Zealand, this species is

also recorded from the northernmost parts of South Island: according to

Cheeseman (Man. New Zealand Fl. ed. 2. 718. 1925) from Marlborough,

"extremely rare," Pelorus Sound, Kaikouta and Conway River, but I have

seen no material from these localities. The native names given by Cheese-

man are Maire, Mairerau-rui and Black Maire.

According to a note by Kirk attached to his specimen 894 at Kew, this

species also has been confused with VLida salt ifolia A. Cunn. of the

j.
i i ,, ,. ; , /,//,/../- 'ho ) On the note he states that

Notelaea cunning > intalum cunninghamii of Buchanan's List

of Wellington Plants" (Trans. New Zealand Inst. 6: 223. 1874) and

further that wood specimens of this species were distributed under this

name. Unfortunately, as will be seen under N. montana, that species has

! ,, i -n (.,i Li «] ilh !//"./</ sain ifolia.

In selecting a lectotype, of the four sheets at Kew named Olea cunning-
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hamii in Hooker's hand, I have chosen the Colenso sheet without a number,

it is the only one bearing both flowers and fruit and it also carries a drawing

of a male flower, all of which are described in the protologue. Unfor-

tunately, however, the male ilnwer is not that of this species but of Nestegis

apetala and reference to its characteristics in the diagnosis and description

of Hooker should be ignored.

4. Nestegis montana (Hooker f.) L. Johnson in Degener, New 111. Fl.

Hawaiian Is. 300. Nestegis. 1958.

Olva montana Hooker f. Fl. Nov.-Zeland. 1: 176. pi. 46A & B. 1852 et Hand-
hook New Zealand Fl. 187. 1864; Kirk. Trans. New Zealand Inst. 14: 37 7.

1882 et Forest Fl. New Zealand, 89. 40. pis. 20, 30. 188'); Schimper, 1'tlan-

/en-CeoRr. 506. 1808; Cheeseman. Man. New Zealand Id. 438. 1906 et ed.

2. 719. 1925; Allan. New Zealand Trees & Shrubs, 183, 145. 1928;

Cockayne & Turner, Trees of New Zealand, 94. 1928; Bailev & Bailev,

Flortus, 428. 1980 ,-
t I tonus Second. 507. 1941; Gudex, Trans. Rov. Soc.

New Zealand, 85: 58. 195 7; Allan. New Zealand Fl. 1: 546. 1961.

Gymnelaea montana (Hooker f.) L. Johnson, Contr. New S. Wales Natl.

Herb. 2: 413. 1957; Allan, Fl. New Zealand, 1: 1025. 1961.

Tree to 10 m. or more tall (to 16 m. fide Kirk), trunk to 60 cm. in

diameter (fide Kirk), monoecious or dioecious, branches slender, glabrate

or pubei 1 s when young. Leaves glabrous, petioles 1.5-3 mm. long,

glabrous, or minuieh puberulous when young, usually dark green, more
glossy than those of other species (tide Moore); lamina coriaceous, linear

to very narrowly lanceolate, (2.5-)4-7(-8.5) cm. long by (0.2-)0.5-

0.6(-0.7) cm. broad (juvenile leaves 5 13 cm. long by 0.2 -0.7 mm. broad)
;

margin entire, scarcely thickened; apex acute; base attenuate into the

petiole; venation obscure, only the midrib visible above and below. In-

florescence axillary, decussate, often borne below the leaves, 1 (or 2) per

axil, 1.5-3 (-4) cm. long, (5-) 7-1 7-flowered. scattered puberulous to

glabrate, slender; bracts ovale lanceolate, acute to acuminate, 1.5-3 mm.
long, early deciduous. Flowers unisexual or hermaphrodite (Fig. 4).

pedicels 1.5-3 mm. long. Calyx glabrous, somewhat campanulate, 1-1.5

mm. long with 4 irregular, unequal, somewhat erose teeth about 0.5-1 mm.
long, and a distinct tube about 0.5 mm. long. Corolla absent. Stamens,
in male and hermaphrodite (?) flowers 2-4 with anthers oblong-ovate,

1.3-2 mm. long on filaments 0.3 0.8 mm. lonti. absent, in female flowers.

Ovary in female or hermaphrodite (?) flowers 1-2 mm. long with 2

stigmatic lobes 0.7-1.5 mm. long, in male flowers abortive, more or less

conical, ca. 0.2 mm. high. Drupe narrowly ovoid, about 6-9 mm. long,

red (fide Uheeseman).

Lectotype: New Zealand, without locality. Colenso 711 (k).

New Zealand. North Island; Wangaroa, 1884, R. Cunningham 563 p.p.

(k) and Kirk 121 (k); Cowan's Bay Road. Rodney County, 5 Jan. 1962, Moore
(chr 125570); Kokohuia, I'ukepoto. Xurth Auckland, ca. 800 m„ Oct. 1915,
Carse s.n. (o)

; Waitakerei, Auckland, Nov. 1881, Cheeseman s.n. (ny)
; Titirangi

Range, Cheeseman 95 (V), Oct. 1870, Ciieeseman s.n. (k, nsw) and Sept. 1872,
Cheeseman s.n. (ny); Swansea, rain forest. Mason (iiik 22124); Rangitoto,
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without collector, (chr 8192) ;
Gratia, near Auckland, Sept. 1929, Meebold 5337

(ny); Maraeroa-Mangapehi Road, King Country, cut-over bush, ca. 600 m., 27

Jan. 1947, Rawson (chr 56513) ;
Tokaanu-Taumarunui Road, near Kuratau

Stream, 20 Jan. 19 () ffmnlin ( ctir ws-N ) I n.-ihinr < >ok district, near Mt.

Matthews, ca. 300 m., 25 Dec. 1932, Zotov (i'HK "'" '
i Foxton, Kahikatea,

forest remnant between high consolidated dm u Vpril 1940 ool < n; '.'"'

Mt. Wainui, near Wellington, forest margin, ca. 200 m., 17 Jan. 1942. without

I
, „ H

^ „ „>, i

,i
,, , ,

' „ i m Ilmun nohiau mIIum \\ n. i .pi

vallev, 1849, Colenso 1119 (k>; Turanganui valley, Wairarapa, Feb. 1947. Druce

(chr 82176); Turanganui River, Haurangi Mountains, Wairarapa, 20 Feb.

1947, Zotov (cHR5V,r, I- R\u Wa.raipa A"/ /< i gh ) ;
Ruamahanga,

Wairarapa, JftrJfe (chr 11S757); Wainuioru River, Eastern Wairatap.i <j. !'

miles above junction with Pahaoa River. 26 Nov. 1953, lto« 254rt
J
cur

84707); E. Wairarapa, 7 miles N. E. of Hinakura, forest, ca. 150 m., 25 Oct.

1953 Druce (chr 82400); Cascades, without collector (chr 81S0). Without

locality: A. Cunningham s.n. (k), 1797, 2032, & 2033 (k) and 1847, Colenso

711 (k, lectotype).

South Island: Snowden's Bush, Nelson, Gibbs (chr 118756).

The distribution of this species is very similar to that of Ncstegis

lanceolata. It occurs widely in the North Island and has also been recorded

from south of the Cook Strait: from the Rai Valley and from near Bright-

water (Cheeseman, Man. Fl. New Zealand, ed. 2. 719. 1925), although

t ,» oll l, r -ii Hi inn l-.h Ik ting cited above. The native names are

Orooro and Narrowleaved Maire.

Of all the New Zealand sped. rt« is montana possesses the narrow-

est foliage and in this is distinct from each of the others. Its juvenile leaves

are also narrow, and partly for this reason the species has been confused

with Mida salicijolia A. Cunn. of the Santalaceae (as has N. cunninghamii,

see above under that species). At Kew one of the specimens of N. montana

exhibiting juvenile leaves originally bore the name Metrosideros ? salici-

jolia A. Cunn. This was coll . -- i '

' hard Cunningham

(number 563), the type locality and number oi 14 salicijolia (Ann. Nat.

Hist. 3: 114. 1839). Furthermore Hookei Jongv hhi mginal description

and plate, illustrated (as his fig. C) a pair of leaves of this same species

saying he now suspected they were Mida salicijolia. The specimen from

which this figure was taken is attached to one of the sheets named by

Hooker.

There are six sheets at Kew bearing the name Olea montana in Hooker s

hand, which, therefore, have to be taken into consideration in choosing a

lectotype. Three of them are Colenso gatherings in fruit only, so I have

selected another sheet which bears material exhibiting the greatest number

of the characteristics mentioned by Hooker in his protologue. This is

Colenso 711 with juvenile and adult shoots, flowering material, and the

original pencil drawings which became figures 1 to 5, and illustrate male

flowers and their parts (although originally published as female). The

fruit (figures 6 to 9) was illustrated from Colenso 2032 which bears the

original pencil sketch but, apart from showing adult foliage and fruiting

inflorescences, does not exhibit as wide a range of characteristics as Colenso
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COMPARATIVE ANATOMY OF THE LEAF-BEARING
CACTACEAE, X

THE XYLEM OF PERESKIA COLOMBIANA, PERESKIA GUAMACHO,
PERESKIA CUBENSIS, AND PERESKIA PORTULACIFOLIA

I. W. Bailey 1

Of the four species under consideration i i this paper the one with
the greatest stature is probably I'crcskia colomhiami Britt. & Rose, said to

be a tree which attains a height of eleven meters ( lbn keberg, 1958), but in

some localities has a smaller, shrub-like form (Britton k Rose, 1919). The
largest section of a stem collected for me by Romero Caslaheda, in the type
locality of the species in Colombia, is approximately 30 centimeters" in

On the other hand, I'crcskia guamacho Web. is described as a shrub one
to three meters high, but may become a tree ten meters high with a trunk
up to 40 centimeters in diameter (Britton cv Rose. 1919). The largest stem
collected for me by Steyermark in Venezuela is four centimeters in

Of the other two species considered in this paper, Pcrcskia cubensis Britt.

& Rose is commonly a tree up to four meters high (Backeberg, 1958), but
under favorable conditions mav attain a height of seven meters and a stem
diameter of 30 centimeters (Hoke. 1954). The largest stem available to me
from the Atkins Garden in Cuba is six centimeters in diameter.
The fourth species, I'crcskia port ulacijalia (L.) Haw., is a tree which

may attain a height of somewhat more than six meters and stem diameters
of as much as 16 centimeters (R. A. Howard, personal communication)
The largest stem collected for me by Jimenez at Jimani, Dominican
Republic, is four centimeters in diameter.

A number of taxonomists who have studied I'crcskia colomhiami and P.
guamacho in their native habitats consider them to be conspecific. There-
fore, it is desirable to determine whether they are geographical races of
a single species or whether their variations in habit of growth and in the
form and venation of their leaves are due solely to environmental rather
than genetic influences. The structure of the xylem, as of the phloem
(Bailey, 1961), and the form and vasculature of the leaves (Bailey, 1960)
is remarkably similar in the two putative species. The earlier-formed
secondary xylem of stems resembles that of P. sacharosa Griseb. and other
pereskias discussed in preceding papers of this series. The vessels tend to

_

'This investigation was financed by a grant from the National Science Founda-
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be diffusely distributed in a matrix of dense libriform fibers (Figs. 1 and

5). The wood parenchyma tends to be scanty para tracheal and the fully

lignified multiseriate rays are comparatively narrow. In subsequently

formed secondary \) fen
i there ai more oi 'ess precocious transitions to a

form of structure that does not occur in stems of P. sacharosa, P. grandifolia

Haw.,P.bleoBC (Bailee h'o ;< ) u>d nthpeii ku m h.n md lioliM.i

as P. humboldtii Britt. & Rose, /'. wvbcriana K. Schum., and /'. .7/'^

'

romeroana Card. (Bailey, i963a), bul which appears lo be an accentuation

of structural changes that occin in {he outet econdarx oclem of large stems

of P. conzattii Britt. & Rose, P. autuwnalis (i ichlam) Rose md /

nicoyana Web. (Bailey, 1963b). The para tracheal parenchyma becomes

increasingly abundant forming concentric zones which alternate with zones

of greater densit\ i
h wn« huu \< ,H and i lusher proportion of

libriform fibers (Figs. 2 and 6). The alternating zones vary markedly in

idlh in tl transvei ection oi i large tei i witi ion f i li bnij i

transitions from dense to soil r tis ue (compan Figs. 2, 3. and 6). Such

zonation may pro\e to be an indication oi sucrt- i\e -,.-,, soiu! i-Imiilt-. in

cambial activity and in the maturation of cambial derivatives.

In stems of Pereskia colombiana and P. gua macho, as in those of other

pereskias, the vessels vary considerably in diameter, in number per unit

area, and in their degree of aggregation into clusters and zonal arrange-

ments in different parts o li gle mature plant (Figs. 1-6). The multi-

seriate rays similarly vary markedly in height, width, form, and spacing;

and their constituent cells exhibit conspicuous differences in size, form, and
orientation. The most obvious differences occur in passing radially from

the first-formed secondary xylem to the outermost wood of enlarged stems.

As in other pereskias and in many did I 1 donou I e 3 of normal form,

the first-formed multiseriate rays tend to be vertically extensive. During

radial extension of these rays they become dissected into lower and wider

parts of fusiform outline as seen in tangential longitudinal sections (Fig.

11). These fusiform parts subsequently become laterally displaced during

increase in circumference of the cambium (Figs. 7 and" 9). During such

transitional changes in the multiseriate rays their successively formed parts

e 1 I t i or less precocious differences in form and orientation of their

constituent cells, i.e. from "erect" to nearly isodiametric to "procumbent."

At times rays in the outer secondary xylem which are composed largely of

slender procumbent cells may be jacketed by broader erect cells (Fig. 7),

as in P. sacharosa (Bailey, 1962) and/' conzattii (Bailey, 1963b).

In the limited number of roots of Pereskia colombiana and P. guamacho
available to me at present, there are more precocious changes in structure

than in stems of equivalent diameter. In passing from the first-formed

secondary xylem outward, there tends to be an abrupt increase in the

diameter of vessels and in their number per unit area, likewise in the amount
of paratracheal parenchyma and in the length of procumbent ray cells

(Fig. 4). On the contrary, the multiseriate rays tend to retain a vertically

extensive form (Figs. 10 and 12). The inner part of the first-formed

i n in «a'a' .,i - i- < -imposed largely of unlignified cells, some of which
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contain druses and others large single crystals of calcium oxalate. Tn the

outward extension of the rays, patches of unlignified cells alternate with

fully lignified parts of the multiseriate rays. Furthermore, more or less

extensive arcs of unlignified wood parenchyma occur at times in the roots

of these pereskias.

The secondary xylem in stems of Pnrskia cukci'sis is of a relatively

dense form. The vessels which are- diffusely distributed in the inner

secondary xylem (Fig. 13) exhibil more or less conspicuous aggregations

into concentric patterns in subsequently formed tissue (Fig. 14). The

lignified wood parenchyma is scanty paratracheal and the lignified multi-

seriate rays, which vary considerably in width and in number per unit

area, are composed of varying mixtures of slightly erect, isodiametric and

slightly procumbent cells (Figs. 13-15). As in the fully lignified rays in

stems of P. colomhiana and P. guamacho crystals of calcium oxalate occur

in the form of single large ones or a few independent ones; aggregations

into typical druses being absent. The lirsi-for ned multiseriate rays are

vertically extensive. They become dissected in their outward extension

into lower rays of more or less fusiform outline (as seen in tangential

longitudinal sections) which become laterally displaced during increase in

the circumference of the cambium (Fig. 15). As in other pereskias, in

immature stems of lames! diameter broadening of the parenchymatous

interfascicular gaps of the eustele may occur during later stages of develop-

ment of the primary body. In such stems (Fig. 13) the innermost part

of the first-formed multiseriate rays may be composed of tangentially,

rather than vertically or radially, elongated cells. In the outermost sec-

ondary xylem of the largest available stem of /'. atboisis there is no con-

spicuous occurrence of broad concentric zones of wood parenchyma, such

as occur so characteiistically in the case of /'.
< oiombiana and P. guamacho

in stems of comparable diameters. Unfortunately specimens are not avail-

able at present for determining whether such parenchymatous zonations

ever occur in the outermost secondary xylem of stems which attain a

diameter of 30 centimeters.

The structure of the xylem in roots of Pvrrskia < ii/>nisis closely resembles

that which occurs in roots of P. colomhiana and /'. vnamacho. There is a

similar tendency for precocious increase in diameter of the vessels, for the

occurrence of alternating parts of unlignified and fully lignified cells in the

rays, and for the development of more or less extensive arcs of unlignified

wood parenchyma (compare Figs. 4 and 16). Druses as well as single large

crystals tend to be present in unlignified parts ,f ( he raws. Furthermore,

there is a similar tendency for the multiseriate rays to retain a vertically

extensive form (compare Figs. S. 10. and 12).

The xylem in the largest available stem of Pcrcskia portiilacijo/ia re-

sembles that of P. cubcnsis. The vessels (Fig. 17) are of similar size and

distributional patterns, the wood paienchyma is scanty paratracheal and

the lignified rays are of compava bit variation in form and internal cellular

organization (Figs. 17 and 19). The wood retains its density (i.e. high

proportion of libriform fibers) throughout, and even in its outermost part
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diffeis conspicuously from that in stems oi equivalent diameter of P.

colombiana and P. guamacho, i.e. in the absence of broad concentric zones

of wood parenchyma. However, the form and cellular composition of the

lignified multiseriate rays in the outermost secondary xylem is fundamen-

tally similar in the four put <
:

' " " ' s. 9, 11, and 19).

The xylem in roots of Pereskia portulacijolia resembles that which occurs

in roots of P. cubt nsis I quamat ho and P. colombiana (Figs. 18 and 20).

In all four of the putative species there is an obvious phylogenetic tendency

toward elimination of secondary walls and lignification in parts of the

multiseriate ravs, and toward the occurrence of more or less numerous and

extensive arcs of unlignified wood parenchyma (Figs. 16, 18, and 20).

In the limited number of roots available to me this phylogenetic trend

toward increasing succulence appears to be more highly accentuated in

roots of P. cubensis and P. portulacijolia than in those of P. colombiana

and P. guamacho, but such a conclusion needs to be verified by examination

of much additional material from many plants of the four species.

CONCLUSIONS

The secondary xylem in stems of Pereskia cubemis and P. portulacijolia

resembles that which occurs in P. sacharosa, P. grandifolia, and P. bleo

in the size and distributional patterns of its vessels, in its density due to a

high proportion of libriform fibers, in its scanty paratracheal parenchyma,

and in the variations in size and form of its fully lignified multiseriate rays,

as well as in the form and oriental ion of its ray cells in different parts of

an adult plant, particularly in passing from the first-formed to the outer-

most secondary xylem.
.

The earlier'formed secondary xylem in stems of Pereskia colombiana

and P. guamacho resembles the wood of P. cubensis and P. portulacijolia

in its density and eio -i muomi. al t^n,,. .nt
]

,. l( >cious changes to

softer (i.e. more succulent) forms of xylem occur in subsequently formed

tissue This arises bv formation of relatively broad concentric zones of

wood parenchyma and by reduction in the proportion of libriform fibers

in the outer secondary xvlem as a whole. However, it is in the roots of

these four species, as' in those of P. aculcata and the Andean pereskias,

.that enhanced sun nl< .
i

> ' "< ll! ltlin u b>
the elimination

of secondary walls md .» mi .humus < . 1
.d v o. d parenchyma.

The structural similarities in the xylem may be interpreted as an indica-

tion that the four taxa are more closely related genetically one to another

than they are to other species of Pen Fuvthermoi Hi

anatomical similarities in roots and stems of P. colombiana and P. guamacho

strengthen the conclusion of those taxonomies who argue that the two
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SUMMARY OF ANATOMICAL EVIDENCE OBTAINED
FROM THE PHLOEM AND NYLEM OF VARIOUS

TANA OF THE GENUS PERESKIA

From the point of view of the phylogeny of the dicotyledons as a whole,
the leaf-bearing genera, Pereskia. P, reskinpsis and Quiabrntia have attained

a high level of structural specialization in the cambium and its xylem and
phloem derivatives (Bailey & Srivastava, 1962). This is evidenced in the

cambium by the much reduced length of fusiform initials and their

tendency to occur in stratified or "storied" patterns; in the xylem. by
short vessel members having simple porous perforation plates, short wood
parenchyma strands and septate and non-septate libriform fibers which
store starch, and the phylogenetic elimination of uniseriate rays; in the

phloem, by reduction in length of fusiform parenchyma and parenchyma
strands and by the short length and structural modifications of sieve tube
members. It should be emphasized in this connection that these salient

end-products of evolutionary specialization closely parallel those which
occur in trees and woodv shrubs of a number of other dicotyledonous
families.

Within the genus Pereskia, P. sacharosa (Bailey, 1902), P. grandijolia.

and P. bleo (Bailey. 19o3c) appear to have persisted at this general high
level of structural specialization in both steins and roots without con-
spicuous evidences of special additional trends of evolutionary modifica-
tion. On the contrary, particularly in the xylem of roots of the Andean
pereskias (Bailey, 1963a), P. eotombiana, P. i>namaeho. P. eubensis, and
P. portulacijolia, and in both roots and stems of P. aculeuta (Bailey, 1962),
there are evidences of a tendency toward increasing succulence due to the
elimination of secondary walls and nullification in ray and wood paren-
chyma. The occurrence of broad zones of lignilied wood parenchyma and
reduction in the proportion of libriform fibers in the later-formed secondary
xylem of stems of P. eotombiana and /'. i-nama, ho ma\ likewise possibly be
interpreted as additional evidence toward the formation of softer tissue.

In all taxa of Pereskia there is a more or less conspicuous tendency in

immature stems of largest diameter toward increase in diameter of the
parenchymatous interfascicular parts of the eustele and concomitant in-

crease in diameter of the pith during later stages of the development of
the primary body of stems. This form of structure leads at times to an
increase in width of the inner part of the first-formed multiseriate rays
and to modifications in the form and orientation of ray cells. In the case of
P. conzattii, P. autumnalis, and P. nieovana ( Hailev. 1963b) this tendency
becomes greatly accentuated in the basal parts of the trunks of the trees,

where the pith may expand to a diameter of more than six centimeters. The
cells in the inner parts of the multiseriate rays remain unlignified and
capable of division and transverse enlargement, thus facilitating increase in

circumference of the eustele and concomitant expansion of the pith, long
after cambial activity is initiated in the fascicular parts of the eustele.

As demonstrated in the second paper of this series (Bailey, 1961), the
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genus Pereskia may be divided . . ; >nn: -i'l_. into three distinct categories

of taxa upon the basi oi con i I mtl\ I ible differences in the form and

distribution of sclereids in the secondary phloem. Pereskia aculcata. the

pereskias of Peru and Bolivia, and those of southern Mexico and Central

America belong in one category; /" uicharosa •". 'jandiiolia '•' bleo ind

P. tampicana in a second category; and /'. colomhiaiia, V. guamacho. P.

cubensis. and P. portidacijolia in a third category. Within the second and

third categories salient structural similarities may be interpreted as indica-

tions of relatively close genetic relationships. In the case of the first

category salient structural differences raise some question regarding the

degrees of genetic relationships between /'. aculcata, the Andean pereskias,

viz. P. humboldtii, P. weberiana. and P. diaz-romcroaua, and P. conzattii,

P. aittumnaUs. and /'. nicoyana of southern Mexico and Central America.

It should be em| ha i/< I in tin i mnn livt m. toinical details in

xylem of pereskias (i.e. in wood which does not exhibit evidence of highly

divergent trends of phylogenetic specialization) vary greatly, not only in

the same clone when grown under varying environmental influences, but

also in different parts of a single mature plant. As previously noted

(Bailey & Srivastava. 1962). diagnostic anatomical criteria commonly

utilized by wood anatomists in the differentiation of closely related taxa are

of questionable reliability in Pereskia mil •., based upon statistical analyses

of many specimens from different localities. When such ranges of potential

structural variability are taken into consideration in harmony with evidence

from salient trends of divergent specialization in rays and wood paren-

chyma, available data at lea-,! niggc i that >" hiwihnhitii •" corgasir 1

Johnson. /'. u'cberiana, and P. diaz -roincroaiia may ultimately prove to be

geographical variants of a single species. Similarly P. grandijolia, P. bleo.

and P. tampicana may ultimately be shown to be conspecific as also P.

pititache Karw., P. conzattii. and P. autumnalis, and P. colombiana and

P. guamacho

.

The initial stages in Pereskia toward elimination of secondary walls and

lignification in ray and wood parenchym. . . t o I m. rease in circum-

ference of the eustele and diametei of the pith after cambial activity is

initiated in fascicular part of the priman bod\ an particularly significant

in dealing with tin Wiem of Pereskiopsis and Quiubentia which will be

discussed in the next paper of this series.
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ENPLANATION OF PLATES

PLATE I

Figs. 1-4. Transverse sections of the secomlarv xvlem m Pcreskia colombiana
[RomeroI X 34. 1, Firs

xvlem of a large stem. ,

parenchyma and reductioi

large root.

PLATE II

Figs. 5-8. Transx i mil m mi ml Inngii i n I m;i I cmoi of secondarv xvlem.

5, Pcreskia ^itamacho \Slcvermark \. Transverse section of first-formed sec-

ondary xvlem of a large stem. X 34. 6, Pcreskia ^itamacho \Pittier 12157].
Transverse section of outer secondary xvlem of a large stem. X 34. 7, The same,
tangential section oi the outer secondarv xvlem. X 43. 8. Pcreskia etibcnsis

[Atkins Card.] tangential section of a root. X 43.

PLATE III

h, '

I

'

I n i nil I iuidinal ections oi secondary xvlem, X 43. 9,

Outer secondary xvlem of large stem of Pcreskia colombiana
\ Romero]. 10,

The same. root. 11 Out i e ( om!,in X m oi I
i m c uamacho

\
Sicycr-

xylem of Pcreskia citbensis
|

Atkins Card.]. 13, Transverse :

secondary x\ lem of a large stem. X 34. 14, Transverse sectioi

xvlem. X I i. 15, Tangential section of outer secondary xylei

verse section ot root n ted - h I) n li 'I howi

X<m m , a jo da, .<
i oh a

\ J i men, j. 1 7, Transverse
11. 18, Transverse section of root, X 11. 19, Tangential :

ondary xvlem of large stem. X 45. 20. Transverse section

nhloro-lucin
! K 'I. showing unliguitied parts i white i oi mm!
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JUL KNAI .1! nil- \R\UI ! \KIJi iRKI'l'M

NOTES ON 1)AH1\0I>S1S

Lorin I. Nevling, Jr.

As A result of coxxixriXG studies in the genus Daphnopsis (Thy-

melaeaceae) 1 have accumulated information cither lacking previously or

temporarily lost, which clarities some taxonomic and nomenclatural prob-

lems. In addition, a reappraisal of the systematic position of one species

has been made. These observations and conclusions are presented briefly

in alphabetical order by species.

Whenever specimens are cited the abbreviations are according to Eanjouw

& Staileu. Index Ilvrbariorum, Ft. I, Ed. 4 (Regnum Yegetabile 15. 1959).

To the directors and curators of these institutions T am most grateful,

and extend my thanks for their cooperation. The illustrations of Daph-
iwpsis pscudosalix Domke are the careful work of Miss Judith A. Kroll.

Daphnopsis americana (Mill.) J. R. Johnston ssp. cestrifolia (HBK.).
Nevl. Ann. Missouri Bot. Gard. 46: 312. 1959.

Daphne cestrifolia HliK. Nov. Gen. 2: 150. 1817.

Ilarzasscria ccstrijolia (1IBK.) Kndl. Gen. Suj.pl. 4(2): 68. 1S47.

Daphnopsis cestrifolia tllHK.i Meissn. in DC. Prod. 14: 525. 1857.

Daphnopsis incerata Cuatr. Brittonia 14: 50. 1962.

Several months after the publication ei Daphnopsis meerata Cuatr. I

was permitted to examine the holotype deposited at Kew (Colombia.

Nariho: Gorgona Island, on edae of jumde, close lo beach; (lowers greenish

yellow, collected by J. B. Hicks, July 1924. 57. George Expedition Xo.

352). Cuatrecasas published a photograph (his Fig. 1) of the holotype

to accompany the description which, it must be noted, was arranged from

unmounted material and included only one-half the total gathering. Sub-

sequently, when the material was mounted at Kew, all of the gathering

was included on a single sheet. Future workers, therefore, will find the

type sheet more complete than Cuatrecasas's figure.

In his discussion of this new species (p. 51 ) Cuatrecasas states that it

has "its inflorescences, leaf-form and venation" similar to Daphnopsis
americana but differs from the latter species in its floral structure and in

having a cereous layer which covers the undersides of the leaves, young
branchlets and inflmescences. Since 1 think the similarities cited are cor-

rect, I shall limit my remarks to the cited dissimilarities.

Since the (lowers on the holotype are few and poorly preserved, I

limited my observations to only two. The floral morphology of these

differed in no important respect from that of Daphnopsis 1
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cestrijolia. One minor difference noted was in the lack of reduced anthers

borne on the staminodia. an unusual featm • oi tin u! ude (othei nb-

species seem variable in this character); the staminodia, however, were

well developed (to 0.25 mm. long).

On first examination the holoiype looked as though it had been clipped

in some undetermined solution which had precipitated on it. The 'Xereous

layer" seemed too regular to have been formed in this manner, so a leaf

fragment was hand sectioned and stained with Sudan IV in 80% ethyl

alcohol. Microscopic examination showed the waxy layer to be an integral

part of the leaf structure which had the positive staining reaction with

Sudan IV typical of waxes and oilier fatty substances. This characteristic

seems to be the only outstanding feature of the plant, which T believe is

synonymous with Da phnopsis americana ssp. cestrijolia. For those desiring

formal recognition of minor variations it could be adequately treated as a

form of ssp. cestrijolia.

Daphnopsis crispotomentosa Cuatr. Brittonia 14: 51. 1962.

Recently Cuatrecasas described two new species of Daphnopsis from

Colombia. The second of these, D. crispotomentosa. is based upon the

following collection: ''COLOMBIA: Magdalena: Sierra Nevada de Santa

Marta, southeastern slopes, Hoya de Rio Donachui: Cancurua, fields and

forests, 2400-2650 m alt.; a tree, the leaves coriaceous, yellowish, green

above with cinereous tomentum beneath, 10 Oct 1959. Jose Cuatrecasas &
Rafael Romero Caste fiada i'-lOOd." 1 have had the opportunity to examine

the holotype and have made the following observations.

In his comments follow in th 1 cription of th< iew pedes Cuatrecasas

indicates the relationship of Daphnopsis crispotomentosa with D. caraca-

sana lei n ') ,/< , fihyi , ( IBI ) Gil nd D.
/

/ II i ,. F h v

treated these three older species (Ann. Missouri Bot. Card. 46: 277-281.

1959) as members of a forme i Rassenkreis^ incc thn hov bctl rth i

any other species- m»u| u tl < ni id< ic< oi ha in c ommon ancestry.

If D. crispotomentosa is closely related to any of them it would be reason-

able to assume that its relationship is with that spec u ; which it approaches

most closely in terms of geography and geology, D. purdiei. This species

was collected once at Ocana on the southern extension of the Sierra.de

Perija, a mountain range which is separated from the Sierra Nevada de

Santa Marta by a river-valley system. Indeed, on the basis of vegetative

characteristics, excepting perhaps pubescence, D. crispotomentosa agrees

well with D. purdiei.

The principal di lingui hm<; character! Ik oi Pabhn psis crispotom n

tosa is in the strongly crisped trichomes found on all parts. In comparison,

the trichomes of I) »/a< ophyl/t ire lightly crisped th) of/) anicasaua

(see particularly youm; lea\ , an ,\oi\ mature Lea i margin >) Kdiip . <

Smith 17886. on) may be strongly crisped, and those of D. purdiei are

sometimes slightly crisped. In no single specimen of these three species

are the trichomes as densely arranged and at the same time as strongly
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crisped as in D. crispotomcntosa. This characteristic, nevertheless, is not

unique as Uuatrecasas implies.

Precise floral compaiison cannot be made, foi Ih, i <, <> o,

tosa is known from immature fruit (( 'uatrecasas's Iloral description is

based on a few persistent calyces) whereas. D. purdiet is known only from

staminate material. However, comparison of the pistillate "flowers" with

those of D. carat a.\ana shows that the two are similar; but differ in

pubescence of the calyx, in shape of the ovary, and in the sessile stigma.

Tt is my opinion that it is necessary to recognize Daphnopsis crispo-

tomcntosa until more material is available when the possibility that it is

the pistillate phase of I), purdin should be investigated.

Daphnopsis fasciculata (Meissn.) Xevl.. comb, now

Fuuijcra fasciculata Meissn. in Mart. Fl. Bras. 5(1): 68. 1855.

Daphnopsis beta Taub. in End. Hot. jahrh. 12( Beibl. 27): 5. 1890.

Daphnopsis londjoli,i Taub. ibid.

Historically there has been considerable no nou lal oral and taxonomic

confusion in the Brazilian genus Fuuijcra C. A. Mew. the cause of which

seems obscure. Fuuijcra is composed of a small number of species which,

perhaps, gave the impression that there was little to be done. In the

process of preparing a preliminary survey of the genus, I discovered, un-

happily, that an isotype of Fuuijcra jasciculata Meissner (Widgren 1025)

had been cited among the specimens which 1 referred (344-346. 1959)

to Daphnopsis beta Taubert. This specimen (ny) is a fragment of the

holotype (from Herb. Sonder) kept by Meissner. It consists of a single

leaf and flower; on the packet in Meissner's hand is written "Daphnopsis
fasciculata nob (6 Oct. 1853)." I mistakenly believed this to be only a

manuscript name, which it is in this particular combination, but it was
published as Fuuijcra fasciculata by Meissner in 1857. As the publication

of Fuuijcra fasciculata antedates that of Daphnopsis beta bv nearly

thirty-five years it is evident that a new combination is required because

the species, regardless of its epithet, is clearly a member of the genus

Daphnopsis.

Daphnopsis pseudosalix Domke, Notizbl. 12: 724. 1935; Nevling,

Ann. Missouri Bot. Gard. 46: 322, fig. 32. 1959.

Pistillate flower- oi Duph <>> • ,/,» ,h\ have not been previously

described. In a loan from the herbarium at Hamburg (hbg) a specimen

of this species in young find ha niabi it p< ibl m prepare a description

of pistillate flowers. For the sake of completeness a full specific description,

with specimen citation, and illustrations (Figs. 1-4) are presented.

Shrubs to 5m., the young branches densely woolb and glabrescent.

Leaf blades narrowly elliptic, 4-12.5 cm. long, 1-2 cm. broad, acuminate,

acute or sometimes more or less obtuse at the apex, gradually tapered to

the base, chartaceous. woolly and glabrescent above, becoming sericeous

beneath, the midvein plane to immersed above, prominent beneath, mar-
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i androecium as well as presence

ginal vein present, the margin somewhat revolute; petiole 1-7 mm. long.

Staminate inflorescences borne from the young leafy stem, racemiform,

woolly, the primary peduncle 1-1 8 cm. long, the ra< his 1 6 mm. long, the

secondary peduncles 1-3 mm. long. Staminate flowers: (7-) 10-15 per

pedicel ca. 2 mm. long; ul i i irrowly campanulate,
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ca. 2 mm. long, 1-1.5 mm. broad at the orifice, tomentulose without,

glabrous within; calyx lobes unequal, puberulent within, the outer ca. 1.5

mm. long, 1 mm. broad, the inner 1-1.25 mm. long. 1 mm. broad; petals

absent; antisepalous stamens inserted at the orifice, subexserted, the

alternisepalous stamens inserted below the orifice, included, the anthers

suborbicular, ca. 0.5 mm. Ion- and broad, sessile; disc annular, free, less

than 0.25 mm. tall, more or less entire, glabrous; pistillode nearly lageni-

form, ca. 0.75 mm, long, glabrous. Pistillate inflorescences borne from the

young leafy stems or from axillary short-shoots on the older wood, umbelli-

form. woolly, the primary peduncle 1-1.5 cm. long, the rachis 1-2 mm.
long, the secondary peduncles to 1 mm. long. Pistillate ilowers: 8-15 per

inflorescence; pedicel to 0.5 mm. long: calyx tube broadly campanulate,

1-2 mm. long, 1.5-2 mm. broad at the orifice, densely tomentulose without,

glabrous within; calyx lobes subequal. tomentulose within at least toward

the apex; petals absent; staminodia absent; disc annular, free, to 0.75

mm. tall, irregularly lobed, glabrous; ovary ellipsoid, ca. 2.5 mm. long,

1 mm. in diameter, strigose. the style thick but filiform, ca. 1 mm. long,

the stigma capitate, papillose, ca. 0.75 mm. in diameter, exserted. Mature

Brazil. Santa Catartxa: prope Hlumenau, Sehwaeke & Midler 5981 Crb

S); Itajahy |Itajai|, lie 504 (line, 9): without precise locality, Saint llihiire

1749 (p S ), Nadeaud s.n. (f. p 6 ).

This species is known from too few specimens for me to have any idea

of the limits of its variation. It is hoped if, I i'.i :
man botanists will collect

additional material soon. I have been unable to locate the type {Pabst 546)

which, according to Domke, was collected "bei Desterro."

Daphnopsis racemosa Griseb. Symb. Fl. Arg. 134. 1879.

Daphnopsis le^uizamonis Griseb. ex Gilp. in Engl. Pflanzenfam. 3(6a): 236.

Daplinopsis raeemosa var. leptostachys Uhod. <\ I I:i — T. Bull. Herb. Boiss. II.

No material i< l< i

i
> /

' omk( was located

at the time of my revision (1959). The holotype {Vie 4765 S "Estado de

Rio de Janeiro. Strauch anf der Insel Cabo Frio. October 1899") having

been destroyed at Berlin during World War IT. Domke's excellent descrip-

tion of the new species led me to believe that it might be synonymous with

D. racemosa Griseb.. with which he also indicated a close relationship.

Examination of an isolvpe, deposited at the Staatsinstitut fiir allgemeine

Botanik. Hamburg (hug) confirms this opinion.

The Ule isotype agrees in all \egelab\c characteristics save two with

those of Daphnopsis raeemosa: (1). the shape of the leaf bases are con-

spicuously cuneate whereas an auriculate or subauriculate base is typical of

D. raeemosa (one exception with a cuneate base is Duscn 8055 [gii
|

) and,
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(2), the petioles tend to be slightly longer, i.e., to 7 mm. vs. to 4 mm. long.

The position, structure, and size of the st iminati intk rescence is precisely

that of D. racono.su. The staminate ilowers do not deviate from the norm
of this latter species, even having the peculiar man as-colored disc with
yellow apices. Therefore, although the Tie specimen appears to be unique,

it falls well within the total range of variation already demonstrated for D.
raconosa and must be referred to it. There seems to be no need for recog-

nizing any infra-pecific categories. The addition of the Insel Cabo Frio

locality to the distribution of D racemosa extends the geographical limits

of that species insignificantly. The staminate branchlet of Vie 4765
deposited at Hamburg (hbg) is designated as the lectotype of D. nmbcllu-
ligcra Domke, to replace the holotype destroyed at Berlin.

Daphnopsis schwackeana Taub. in Engl. But. Jahrb. 12 (Beibl. 27):
6. 1890.

Daphnopsis idci Gil- ex Domke. Xotizbl. 12: 725. 1935.

The holotype of Daphnopsis ulci was destroyed, as was that of the

preceding species, in ";. rlin d «. World War IT. \n isotype {Vie 3754 $
'•Serra do Itatiaia. Bluhend in Januar 1986

|

1896
|

") however, was located
recently at Hamburg (hbg) with Gilg's penciled identification, hut lacking

Domke s annotation.

Examination of the Lie isotype reveals that it is a staminate specimen of

D. schwackeana I'auh it ha h hth hortei ud moo obtuse leaves than
the average specimen of this species but deviates in no other way. The
specimen has several inflorescences upon which are borne a few buds.
Examination of one of the largei bud-, indicates complete agreement with
the floral morphology of D. schwackeana. The most striking features of

the staminate Ilowers of this species are the petals connate into a faucal

annulus, and the well-developed di < ui ou idim? a rather large fusiform
pistillode.

The staminate specimen ol .' / • b . / .!. p.i-itcd at Hamburg (hbg) is

designated as the lectotype of Daphnopsis ulci Gilg ex Domke to replace

the holotype destroyed at Berlin.

Daphnopsis weberbaueri Domke, Xotizbl. 12: 722. 1935.

Shrubs to 2 m. tall, dichofomonsly branched, the young branches golden
puberulent and glabrescent, the bark reddish brown, rugose with small

white lenticels. Leaf blades obovate. oblong-spatulate. or oblong-elliptic,

3-7 cm. long. 1-3 cm. broad, more or less obtuse at the apex, cuneate at

the base, membranaceous, g'iabious above, sparsely sericeous to glabrescent

beneath, usually with a tuft of trichomes at the apex forming a false mucro,
the lateral veins prominulous; petiole 1-2 mm. long. Inflorescences

terminal but soon appearing lateral, umbelhform, puberulent, the primary
peduncle 1-2.5 cm. long, the rachis 1-2 mm. long, the secondary peduncles
ca. 1 mm. long. Staminate ilowers: t,-2 5 pa iniloo ( t .

*
k ( p< di< <

I \

''
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long,
. long; calyx tube infundibuliform to subcampanulate, 3.5—5 mr

1.5-2.5 mm. broad at the orifice, puberulent without, glabrous within;

calyx lobes deltoid, ca. 2 mm. long, 1.5 mm. broad, glabrous within,

reflexed; petals 8. papilliform to squamelliform, ca. 0.25 mm. long, in-

serted in pairs immediately above the altemisepalous anthers; stamens 8,

inserted in two whorls, the upper whorl ant iscpalous, inserted on the base

of the calyx lobes, exserted, the lower whorl altemisepalous, inserted about

an anther's length below the orifice, included, the anthers oblong to nearly

round, 0.5-0.75 mm. long and broad, sessile; disc completely adnate;

pistillode lageniform, 0.75-1 mm. tall, glabrous. Pistillate flowers: 3-7

per umbel; pedicel 3-5 mm. long: calyx tube urceolate to subcampanulate,

ca. 3 mm. long, 1.5-2.5 mm. broad at the orifice, puberulent to subsericeous

without, glabrous within; calyx lobes unequal, glabrous within, the outer

ca. 1.5 mm. long. 1.25 mm. broad, the inner ca. 1 mm. long, 1.5 mm. broad;

petals 8, papilliform; staminodia 8. papilliform, minute; disc basally

adnate, the free apex entire to undulate, glabrous; pistil 4 4.5 mm. long,

the ovary obovoid, glabrous, the style 1.5 mm. long, eccentric, the stigma

capitate, slightly exserted. Fruit not seen. Fig. 5.

Collected once, dowering in December, at an altitude of 3200 meters.

Flowers greenish.
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bauer 7217 (f,

Domke cites Weberbauer 7217 as "mannl. Typus" and 7219 as "weibl.

Typus." The designation of a lectotype clearly is required. Equal emphasis

is given in Domke's description to staminate and pistillate material but it

seems preferable to choose the pistillate element (7219) for important

taxonomic characters are found there. In addition, the sheet of this number

in the Chicago Natural History Museum bears an annotation, probably in

Domke's hand; the original Weberbauer collections were presumably

destroyed at Berlin. The Chicago (f) specimen is the only duplicate I

have seen of Vie 7219 and is here designated as the lectotype.

The position of Daphnopsis weberbaueri has caused some difficulty ever

since its discovery. The collector, Von Weberbauer, thought he had a

species of Ovidia (a conclusion which I believed correct at the time of my
revision of Daphnopsis) . Domke disagreed with Weberbauer and described

the material as Daphnopsis because of superficial similarities in leaves,

disc, and possibly in the sessile anthers, as well as in the geographic

distribution.

The most important characteristic which indicates relationship with

Ovidia is the eccentric position of the style in pistillate flowers. This char-

acter, which does not vary within a species, is considered taxonomically

reliable at the specific level. In most genera it is reliable at the generic

level but in others such as Thymelaea Endl. and Gnidia L. it is apparently

inconsistent. It is precisely this character, in conjunction with others it is

true, which is used to separate Dirca L., Drapetes Banks ex Lam., Funijera

C. A. Mey., and Ovidia Meissn., from other American genera. An eccentric

style is considered more advanced than a terminal or centric one (the

implication is that a style in the terminal position indicates a gynoecium

composed of two equally expanded carpels). Heinig (Am. Jour. Bot. 38:

113-132. 1951) interpreted the gynoecium of Dirca, which has an eccen-

tric style similar to that of Ovidia, to be composed of two carpels: one

fertile and expanded, the other sterile and unexpanded. The ovular trace

is derived from both placentae of the fertile (expanded) carpel. Therefore,

it is necessary to assume carpel polymorphism to explain the gynoecium in

Dirca. A nearly identical vascular pattern is found in Linostoma Wall, ex

Endl. which has a terminal style. Heinig's explanation is questionable,

however, for in other plant families in which the application of the theory

of carpel polymorphism has been re-examined it has been shown to be

incorrect. A re-examination here, or at least a reinterpretation, seems to

be in order.

The leaf shape, size, membranaceous nature, position in clusters at the

branch apices, coupled with the poor development of extraxylary fibers

seem to indicate relationship of Weberbauer's material with Ovidia,

Internal anatomical characteristics of the leaf do not show close similarity

with the latter genus but, unfortunately, information is not available to

allow comparison with Daphnopsis.
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The similarity of the disc to that of Daphnopsis (pointed out by Domke)

seems to be no greater tn;in j ls similarity to Ovidia. ( ousiderable variation

in disc shape, size, connalion, and adnatioii in found in Daphnopsis. making

it possible to relate almost any disc type in the family to it. The disc

characteristics seem to be of little generic significance in this particular

Sessile anthers arc not found in Ovinia but nearly sessile ones are. i.e.,

with filaments only 0.25 mm. long. As in the disc, a range of variation in

filament length also is found in Daphnopsis so that relationship in any

direction mav be postulated. This character, however, is not pertinent to

the discussion.

One point of considerable significance which has been previously over-

looked is that the plants of this species arc dioecious. Ovidia exhibits

gynodioecism only. Daphnopsis is in the main dioecious, although a few

species occasionally seem to show tendencies toward gynodioecism (i.e.,

staminate plants sometimes set a few fruits; the viability of these fruits,

however, has never been ascertained).

ddie geographic distribution is very important since the species falls well

outside the range of Ovidia but within that of Daphnopsis. This fact,

coupled with the morphological information presented above, becomes an

almost insurmountable barrier to placing D. ivchcrhaucri in Ovidia. When
considered from this viewpoint, and when one attempts to relate the species

to one of Daphnopsis it appears that /.). ivchcrhaucri is most closely related

to D. macrophylla (HBK.) Gilg. and should be placed near it. There is

no question that the species is somewhat anomalous for Daphnopsis but

it scarcely has the necessary prerequisites to constitute a new genus. The
most important hypothesis to be derived from this problem is that style

position probably has shifted at several times and in relatively independent

groups within the family during its evolutionary history.
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Clarence Emmeren Kobuski, who died on May 9, 1963, in his 64th

year, will be remembered by those who knew him well and worked with

him as one of the kindest men on the present American botanical scene.

In his little-publicized roles as curator, editor, hospital corpsman, singer,

and friend, he touched the lives of more people than may ever refer to his

published scientific work. In the lives of many of us there is a gap that

could have been left only by the death of a man of his character and

generosity.

Kay, as he preferred to be called, was born in Gloversville, New York,

on January 9, 1900. His ancestry can be traced to Polish nobility through

his father, but after the arrival of the latter in the United States, the

family name was shortened for convenience. Kay, one of the first of his

family to enter college, graduated from Cornell University in 1924 with a

Bachelor of Science degree. While there, his future career was shaped by

his teachers in languages an< n u u ling K. M. Wiogand and A. J.

Eames. His outstanding scholastic record earned for him a Rufus J. Lack-

land Fellowship ai W !-,,. I', :,< ' Si. Louis, where he pursued

his studies in conjunction with the herbarium and taxonomic activities

at the Missouri Botanical Garden. He was awarded the degree of Master

of Science, in 1925, for "A Revision of the Genus Priva" (Verbenaceae)

and the degree of Doctor of Philosophy, in 1927, with his thesis "A Mono-

graph of the American species of Dyschoriste' (Acanthaceae), both ac-

complished under the direction of Dr. J. M. Greenman. His future research

was not again to touch on these families.

For a number of years Professor Alfred Rehder, curator of the Arnold

Arboretum, had been corresponding with Dr. Greenman, seeking from the

Henry Shaw School of Botany an assistant for the herbarium. It is clear

from the correspondence that Rehder was overburdened with routine

herbarium work and that he wished time for his own research. Greenman

suggested Kobuski, and it was this position, as assistant, which Kobuski

* Photograph by Fabian Bachrach, December, 1961.
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accepted in the fall of 1927. Kay delighted in telling of his first days on
the job at the Arboretum. Charles Spraj u ' trgi 1 h ictor for 50 years,

had just died; E. H. Wilson \ is ictinj . lirectoi and Rehder was
swamped with the responsibilities of editor and curator. On Kobuski's

arrival, Rehder pit <ntid hue \miI in , n , sii-e piles of specimens. The
first was to be filed "as sm.'

i in the herbarium, which was
located for him with a vague sweep of the hand. The second was to be
identified "as soon as possible." and there would be "other tasks as well."

Not a word was said of "time for research." Although there were other

assistants in the herbarium, Kay soon became the backbone of the curator-

« i mi n i,..
!

ii o
, he served the collection, unmistakeable

signs of his care and devotion to it became increasingly apparent. Kay's
meticulous observance of details in his professional work, and in his

personal life as well, marked his career. Over the years at the Arnold
Arboretum he inaugurated or implemented a system of accessions, loan

records and exchange forms, and of procedures for processing and identify-

ing collections which subsequent students have taken to other institutions,

with the result that many are becoming standard in American herbaria.

Kobuski and Rehder presented ;i great contrast in personality and
appearance. Kay was over six feet tall and striking in appearance, with

jet black hair. He i frit ndh nd outgoing in his personal relationships

with everyone. Rehder, on the other hand, was slight of frame, short,

and exceedingly retiring in nature. Despil I ei f) ences in physique
and temperament there developed between the two men a relationship of

lasting quality and mutual benefit. Both were scholars well versed in

languages and were masters of Latin and Creek. At this period they com-
plemented each other editorially. Kobuski could polish a sentence; Rehder.
with an insight gained from long experience, could resolve the most com-
plex botanical and horticultural problems. Together, they worked on the

numerous, challenging collections continuously arriving at the Arboretum
from collectors in Asia. Together, they prepared the Journal of the

Arnold Arboretum and later read the proofs lot Renders books. Together,
these men continued for nearly two decades, through the trials and errors

of successive directors or supervisors, the work for which the Arnold
Arboretum is noted.

Kay's many other achievements were less well known He had a power-
ful, naturally pleasing baritone voice with an unusually high tenor range.

nearly perfect in pitch. He liked to sing, although lie had had no formal

training until, in LACS, he was persuaded to begin vocal instruction. His
first teacher was Theo Carreiro, of Boston, through whose encouragement
Kay's inherent love of music gained purpose and direction. Kay bought a
piano, began to amass a significant collection of recordings and sheet

music, and concentrated on the theory of music. His understanding of

languages and of melody allowed more accurate interpretations than is

often usual among singers. In 1938, Kobuski became a pupil of H. Well-
ington Smith, of New York, who taught in Boston one day a week. Before

a year had passed. Kobuski was being groomed for an audition at the
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Metropolitan Opera. The realization that at his age an operatic career

would necessarily be short and that for it he would have to give up

taxonomy, after years of botanical training, caused him to decide, regret-

fully, that his singing should remain largely an avocation. Kay sang often,

although botanist "" I

' testimonial dinner

for J. M. Greenman during the AAAS ..... i in in lianapolis in 1937.

He sang professionally throughout New England and for over two years

was baritone soloist at the Church of St. John the Evangelist, under the

direction of Everett Titcomb. The parts assigned to him were demanding,

but his strong, clear voice could be heard over a full choir. He enjoyed

giving pleasure to his audience, and few who heard him ever forgot the

experience. Unfortunately, his wartime service terminated his singing.

I, 1,h ioi ,nu i oei i I

' \mw \ ei and he continued to be a devotee of

opera until the end.

In October of 1942, Kobuski was drafted in the U. S. Army at an age

barely days below the upper age-limit for conscription. His hair was

graying when I, nearb 20 war.-, 'lis junior, saw him on an obstacle course

at Camp Pickett, Virginia. 1 raining to carry a litter in a hospital

battalion. His Ph.D. degree brought him only enlisted-man training as a

hospital laboratory technician and an assignment to a hospital ship. Kay

worked as hard at this as at am prow i< nal a ignm Mil. and his medical

knowledge eventually rivalled that of the younger medical officers under

whom he served. In the years following, Kay made twenty-six crossings

of the Atlantic under wartime conditions in convoys and in unaccompanied

hoSpital lnj bringim wounded i icemen back from the African and

Mediterranean theatres. Perhaps a good corpsman should be impersonal,

but Kay carried the burdens of his patients who frequently became a per-

sonal concern. Many he cared for remained his friends through the years.

Kobuski returned from the service in August, 1946, physically affected

by his experience. For therapy he was advised to take Lip needle-work,

but only few of his close friends knew that the man) pieces of needlepoint

in his home were of his own design and creation.

Several years after his return to civilian life Kay took into his home

an ill amputee he had trampoited a- a patient ilinmi th< * n h.
- u .

for this man during the hitter's final years of illness. Kay's guest, however,

worked at intervals in an antique shop. Willi Hie interest of his patient

at heart Kay undertook to learn about antiques and soon began to collect

them for his own satisfaction. His specialty became lamps, china, and

glass, and his collection developed into that of an expert. He amassed

not the largest but probably one of the most complete sets of crossed-

swords, blue, onion-pattern Meissen china in private ownership. In each

of the areas of In interest Ka\ mad. md kepi friend

,, |o in l, | „sl i v\a ii)|.(.ini<d Ootheditoi of the J'ournal of the Arnold

Arboretum and curator of the herbarium. In both posts his influence

became widespread through the year-, lie had served as associate editor

of the Journal from 1932 until he left for military service. On his return,

though the Journal was being issued by an editorial board, Kay did a
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large share of the work without assuming the full responsibility. He
served as editor from 1949 until he asked to be relieved of the duty in

1958. During his twenty-six years of association with the Journal hun-
dreds of manuscripts passed through his hands. Countless students, col-

leagues, and felloe bol n nefited from his suggestions concerning
both the style and content of their manuscripts. Meticulous in detail and
insistent on accuracy Kay never could be said to edit "by marking for

the printer." On papers submitted to him, he always corrected the Latin
descriptions (sometimes supplying words left out by the author), often

checked references, untied citations of specimens, or had the manuscript
retyped. He was insistent that only clean copy be submitted to the printer,

and more than one of the printers who worked on his material expressed
pleasure over the manuscript, a credit to the editor rather than the author.
Only Kay might have appreciated fully the fact that, one of his death
notices appeared with a letter in an incorrect font of type.

Kobuski as a curator was unsurpassed. He believed that specimens
were in the herbarium to be studied, but he valued more than the majority
of botanists the heritage that is the curator's responsibility. Kay was the
strict but impartial guardian of the herbarium. If the situation warranted,
he would refuse a request from an old friend as readily as one from a
complete stranger. An ambiguous letter elicited a reply requesting clar-

ification before specimens were sent out; but that loan when sent was
certain to contain the material requested and all unidentified specimens
that might be of interest to the investigator. His scorn was deep, however,
for the botanist who returned those specimens in poor condition or without
annotations; it was limitless for one who cited the specimens incorrectly.

In 1954, a decision was made that a portion of the herbarium of the
Arnold Arboretum was to be moved to Cambridge, Massachusetts, to a
new building more integral to the University and its students. It was
Kobuski's task to prepare the Arboretum herbarium for this move and to

establish, with me, which specimens of cultivated plants might most
profitably be left as a working unit with the living collections in Jamaica
Plain. Here his long experience in the efficient use of an herbarium for

the identification of plants under cultivation proved to be of inestimable
value. Over 100,000 specimens were selected from the general collections
of the Arnold Arboretum to be the basis for future work in horticultural
plant taxonomy. Kay then moved with the remainder of the collections
to Cambridge and, in 1954, he was appointed jointly as curator of the
Arnold Arboretum and of the Gray Herbarium to implement the reorgan-
ization of the two herbaria into one workable unit. He also served as super-
visor of the entire Harvard University Herbarium Building. For a period
of five years Kay directed the project involving the reorganization of
almost two million specimens and (heir rearrangement in proper system-
atic and geographic sequence, as well as the recognition and annotation of
type specimens and their arrangement in special folders. The Arnold
Arboretum and the Gray Herbarium had used different systems of arrange-
ment, and their respective botanists, Render and Kemald, did not always
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agree on names or species limits. Characteristically, Kay undertook the

processing of difficult groups such as the Fagaceae and Juglandaceae

where many exacting decisions had to be made. The model combined

herbarium created as a result of his tremendous effort remains a monu-

ment to his knowledge and ability.

Kobuski's role in the administration of this newly organized herbarium

was unique. Two organizations, each with its own herbarium, library,

staff, and traditions, were to function in one building under two directors

with a single head curator. Few people could have recognized, much less

defined adequately, the combined responsibility as well as Kay, who

served faithfully and honestly the interests of each organization, dealing

fairly with old friends and new associates, carefully submerging his own

interests or past loyalties with an impartiality deserving of more admira-

tion and recognition than it received at the time. Kay enjoyed his position

immensely. Only rarely did a feeling of nostalgia emerge, and on such

infrequent occasions it was manifested by a rather wistful comparison of

the restricted view from his new city office with the outlook over the

broad acres in Jamaica Plain. His office was the focal point of many

activities; but he was available at all times to students, staff, and visitors

for informal conversation, professional advice, or discussion of personal

Throughout his professional taxonomic career, Kobuski's tasks were

largely assigned or were the result of necessity. He joined the staff of

the Arboretum at a time when thousands of specimens were arriving from

Asia. As an example, Joseph F. Rock's important collections contained

over 25,000 numbers. To Kay and his associates fell the task of sorting

these collections for study, preparing lists and duplicate labels, sending

sets to specialists, selecting the set to be mounted and inserted, and finally,

after determinations were completed, of distributing the duplicates.

Throughout his long career at the Arboretum, more collections arrived

each year than could bt ted 111 uted. As the backlog of un-

worked material increased curatorial problems also increased propor-

tionately.

Like the early routine duties of the herbarium, Kobuski's first piece of

research for the Arnold Arboretum also was assigned by Rehder. A re-

search project, initiated by a former staff member who had resigned

because of illness i . I ' miplcte. In this way he began

his work on the Theaceae which was to continue throughout his career and

to be the basis of his most important published contributions. Thirty-five

papers on this difficult family treated genera and species in all tropical

areas of the world. The one group of Theaceae which he avoided completely

was Camellia, with its all too numerous variants. His interest in the genus

Jasminum began in a similar way: a job to be done in order to solve a

problem concerning the correct name for a particular cultivated jasmine,

led, ultimately, to a research project. Although his publications do not

reveal it, Kay was probably the most knowledgeable American botanist in

recent years who worked in the area of cultivated woody plants. After
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Rehder's death, Kobuski carried on the voluminous correspondence initiated

by Rehder, hopefulb
. Inward a [(vision of his Manual of Cultivated Trees

and Shrubs, and concerned chiefly with new records and the identification

of specimens. It had been Kay's plan, on retirement in 1967, to return

to Jamaica Plain to work with the younger taxonomists on such a revised

edition of Rehder's work.

Kobuski's published work scarcely indicates the range of other very
real contributions. He completely lacked self-ambition but was unswerv-
ing in his desire to further the work and the reputation of the institutions

with which he was associated. I have never known a more unselfish man.
His own research was frequently laid aside in order to help another worker
personally or by correspondence. Nearly every major publication of the
Arnold Arboretum produced during his careei contains his own not
insignificant contribution. His help is acknowledged in hundreds of bo-
tanical publications, yet an equal number which might well have done so
'ailed io include uch acknowledgment.
Kay did not join many societies. He was a member of the American

Society of Plant Taxonomists and a charter member of the International
Association for Plant Taxonomy. His membership in the New England
Botanical Club covered 36 years and he served the club as assistant

phaenogamic curator and council member.
Kay had a dramatic personality and a theatrical manner. At the staff

luncheon table he always occupied the head chair from which he mod-
erated discussions or regaled the group with anecdotes well told and always
in good taste. Others about the table counted on Kav's reaction to their
own comments and were not disappointed. The reaction was sometimes
explosive, sometimes stoic, or occasionally a mock expression of shock or
disbelief, but it was always dramatic.

This dramatic, often explosive manner, combined with his imposing
appearance, could be disconcerting to those who did not know him well,
and there were those who misunderstood him. He often reacted first, per-
haps sounding curt or brusque, but he did not fail to make amends if he
realized that he had been misinterpreted. His was a colorful character
to which one could not remain neutral.

Kobuski was a bachelor, sometime- seeking solitude, sometimes gregari-
ous. He was a frequent and welcome visitor to the homes of neighbors
and friends with families. His kindness to 'children was unsurpassed, and
the love was mutual.

Kobuski is survived by a sister, Agnes Schroeder (Mrs. Henry J.), of
Saugerties, New York, and a brother. Lawrence, of Gloversville" New
York. He was buried in the family plot in his native town.

There is no simple epitaph for the man who devoted thirty-six dedicated
years to one institution. His term of service is exceeded in length only
by those of Charles Sprague Sargent and of Alfred Rehder. His heart was
truly big. His life was weil lived. We miss him.
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STUDIES IN THE THEACEAE, XXXIV

SOME ASIATIC TAXA OF TERNSTROEMIA 1

Reinwardiia dongata Korthals, Yerh. Nat. Gesch. Bot. t. 12. 1840; text p.

103. 1841.

Ternstroemia gedehensis Teysm. & Binn. Nat. Tijdschr. Ned. Ind. 3:

332. 1852.

Ternstroemia sedeensis Teysm. & Binn. Nat. Tijdschr. Ned. Ind. 14: 156.

L857, phalm. = T. gedehensis.

Small tree or shrub with erect, terete, grayish-brown branches; branch-

lets somewhat subtetragonal or compressed, fasciculate or subfasciculate,

grayish brown. Leaves coriaceous, fasciculate, congested at the apex of

the branchlets, oblong-obovate or elliptic, 7-14 cm. long, 3-4 (-5) cm.

wide, acuminate at the apex, cuneate at the base, the margin entire, the

^his paper includes eight taxa »« Ternstro mia Eoj which Di Kobuski had writ-

month of his illness. Before the onsetofhisdiin.nl' i m thi i Urn i'i,(,1i,>1 nlk-un

a revision of the 01.1 UoiH p< < < < I
!•<<,,<> >i nop. u i > publish a sU rs of

regional studies of this complicated and poorly understood group. He had borrowed

specimens from a number of herbaria had vi it (! important I uropean herbaria in the

was published in January, 1961. He was able to publish later in 1961 "A Review of the

Genus Ternstroemia in the Philippic ' land lion in the fruit of Ternstroemia

kwanetungensis," and a by-product of his study. ''A New Species of Adinandra from

species occurring in Sumatra Failing tl il h( < pn ed hi d( ire to publish with a

short introduction at least the completed descriptions and notes on T. patens and T.

elongata, which have been confused in the pasl 1 best luo along with two new

species trom Sumati .i >c m i m . homii.e «l«!u nuns trom Ambon, and

one from China, are presented here. With the exception of the manuscript fur two

only partially complete and are best left un-

i correlate his descriptions and notes (which

and to check the citations of the specimen i ue, i

those which he had on loan, but with a minimum of alterations in the data which he

included. Lily M. Perry has helped greatly with the translation of some of the col-

lection data. With the aid of Bernicc G. Schubert and Robert C. Foster in some of

,1,, miIh il pail , 1 li e al o provided the necessary Latin descriptions for the three

new species using as models both those which Dr. Kobuski had published and his

completed desciiption ol luo mm pna ol lh< I u \ n inks which comprise an

Lddmornl pipu tin ilu.U null md mo t jdb tin li t in this suks ot studies in
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midrib canaliculate above, elevated below, reddish, the veins obscure on

both sui faces ca I main pai n nil idm i m illv anastomosing

near the margin, the petiole 1.5-2 cm. long. Flowers axillary, disposed

near the apex ot ih u i . Staminate flowers: pedicel 1 cm. or less

long, recurved; bracteoles 2, opposite immediately below the calyx, del-

toid, ca. 1.5 mm. long, 2 mm. wide at the base, flat on the ventral surface,

thickened into a median ridgi « i ih dm d aria i mdular-apiculate at

the apex, the margin with a leu gland '|m! nm pi. I i In i iitn Iw

smaller, rounded, ca. 3 mm. long. 2 mm. wide the margin entire, hardly

scarious, the inner three concave, wider than long. 3.25 mm. long, 4.25

mm. wide, the margin subscarimis; petals 5, oblong obovate, recurved,

6.5 mm. long, 3-3.5 mm. wide, suhligulate. broadest near the apex,

emarginate; stamens 50-55 in a single series, ca. 4.5 mm. long, the fila-

ments joined at the base and adnate to the base of the corolla, distinctly

finely filamentous. 3 mm. long. !he anthers ca 1.5 mm long: ovary none.

Pistillate flowers: pedicel, bracteoles , calyx, and corolla as in the staminate

flowers, the ovary globose to conico-globose, ca. 2 mm. long, ca. 3 mm. in

diameter, 2-loculate, each locule with as many as 6 ovules pendent from

the apex, the style ca. 2 mm. long, the stigma 2-punctate. Fruit not seen.

Sumatra Res Uimkist: "Melinlang"
|
Malintang Mts., nne. of Padang],

P. IV. Korthahs.n. (i. | 'HJ825 I- <)87 |, lectot vpe I ; exa< t locality lacking, Korthah
123S (l 1908251-988 and -99S|. probable .solectot vpes ) ; exact locality lacking.

Korthah s.n. (l (908251-990 and -1000 1, probable isolectotypes) ; north of

Pajakumbuh
[
Pajakoemboeh

|
in Harau ravine, 0° 10' S., 100° 40' E., on steep

walls of soft tuff stone, alt. 500-600 m.. M. Jacobs 45SS (a. ho, k, l), Aug. 15,

1956 (once seen; shrub 4 in.; leaves dark above, light below; flowers cream;

ovary yolk-yellow i. Res la knra.f jl nkulen
]

lieln - Sckintjau gebergte

[Sekintjau-Belirang Mountains |. all. 1500 m.. F. 1!'. Rappo.nl. t:> ( \. r,n, i. \vi.

Aug. 12, 1936; Soeban Ajam [Soebanajam], Ajoeb (Exped. Jacobson) 271 (bo),

July 5. 1916. Res. Riocw: Indragin Inderagiri
]

, Bovenlanden, Moeara Pad-

janki, in primary forest, tew meters alt -' Hmvulda M0 i iu>, i, i \pi . l'caj

Cultivated. Java: "Cult, in hort. Bog." (bo
|
134748 |, possible type material of

T. gedehensis\
|

134749, 154750], possibly from the same plant); without data

except "Teysmann misit 1867" (l [925250-555], possible type material of T.

gedehensis).

In 1840, illustrations of Rcinwardtia clongaia Korthals and R. patens

Korthals, representing the two taxa of the new genus Rcinwardtia, were
published. However, the descriptive text for the genus and species did not

appear at the same time but in a later fascicle published the following

year. The genus Rcinwardtia retained its identity until 1912, when
Koorders, in a key to the flora of Java, transferred R. elongata to Tern-

stroemia, making the combination T. elongata. Unfortunately, as is clearly

shown in Koorders and Valeton, Atlas Baumarten Java 3: t. 584. 1915,

the materia] on which the translei v\ is based belonged to the second

species, T. patens (Korthals) Choisy. Furthermore, according to my in-

terpretation, and as far as 1 know. 7\ elongata has been collected growing

spontaneously only in Sumatra. Nomenclaturally, the combination T.
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elongata (Korthals) Koorders is correct, but taxonomically it has been

misinterpreted.

Following the original description of Reinwardtia elongata the localities

were given as "Crescit juxta Doekoe, etc.: Sumatra." One might expect

to find the type in either the Bogor or Leiden herbaria, but at neither in-

stitution is there a specimen labeled with the locality Doekoe. However,

at Leiden there are five sheets which can be related to the binomial Rein-

wardtia elongata Korth. These specimens were collected by Korthals, and

four sheets bear one or two notes in his handwriting. All are either without

locality, other than Sumatra i Korthals 1238 oi with a locality but with-

out a number, as "Melintang
,,

[= Malintang], Korthals s.n. These are

obviously the "etc." of the original citation. It is quite evident when

examining these specimens and comparing them with the original illustra-

tions (in bud) that these were used for the drawings and description. I

have recorded the Malintang specimen as the lectotype, but number 1238

and the two other sheets without collection numbers probably were taken

from the same original specimen. One finds often in these earlier collec-

tions rather haphazard labeling. Some obviously were not furnished with

the original "bits" of paper with the scribbled localities and now possess

rather formal labels.

The characters which set off this species are (1) the two-loculate ovary

with up to six ovules in each locule, (2) the subulate style (ca. 2 mm.

long), and (3) the two-tipped, punctate stigma.

Ternstroemia gedehensis Teysm. & Binn. was described in 1852 from

cultivated material growing in Java. It agrees with T. elongata in the dis-

tinctive characters mentioned immediately above. Possible type material

is represented by a specimen in the Bogor herbarium labeled "Ternstrbmia

gedehensis T et B." in Miquel's hand and by one at Leiden (no. 925250-

335) which was sent by Teysmann.

Ternstroemia patens (Korthals) Choisy, Mem. Soc. Phys. Hist. Nat.

Geneve 14: 107 (Mem. Ternstr. 19). 1855; in Miq. Fl. Ind. Bat.

Suppl. 1: 476. 1862.

Reinwardtia patens Korthals, Verh. Nat. Gesch. Bot. t. 12. 1840, text p. 102.

Shrub or small tree, up to 5 m. high; branchlets smooth, quite terete,

reddish brown, often subverticillate. Leaves thin-coriaceous, subverticil-

late, near the apex of the branchlets, obovate, abruptly acute at the apex,

tapering at the base, usually 7-11 cm. long, 3-4 cm. wide (rarely up to

18 X 7 cm.), the veins 3 or 4 pairs (5 or 6 pairs on largest leaves), arch-

ing upward and anastomosing near the entire margin, the petiole usually

less than 1 cm. long. Flowers axillary. Staminate flowers: pedicel 1.5-2.5

cm. long; bracteoles 2, alternate, quickly caducous, the upper bracteole

scar 3-5 mm. below the calyx, the lower bracteole scar 5-7 mm. below

the calyx; sepals 5, imbricate, unequal, the outer two smaller, rounded,

2-2.5 mm. long, 2.5-3 mm. wide, the inner three 3 mm. long, 3 mm. wide,
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the margin scarious or subfimbriate; petals 5. obovate, lightly unguiculate,

rounded at the apex, 7.5-8 mm. long, 5-6 mm. wide. Stamens numerous,

ca. 85, ca. 3 mm. long, in three or more series; filaments flattened, ca. 1

mm. long, connate entire length, free from (he petals; anthers linear, ca.

2 mm. long, each anther locule subtruncate at apex; pistillodium mound-
like, 5-ridged, sterile. Pistillate flower: bracteole stars and calyx as in

staminate flower, i

' .,'>-.. inear. ca. 1 mm. long, ca. 0.5

mm. wide; petals not seen; staminodiui >1 seen (if present, falling with

petals) ; ovary glabrous, ovoid, ca. 3 mm. long, 2 mm. in diameter at base,

one-loculate, with a single pendulous ovule: style very short or none;

stigma peltate or disciform, 2-lobed, the margin pendulous, irregularly

scalloped or incised. Fruit void, ca. 2 cm. long, 1.3-1.5 cm. in diameter

near base, orange, with very thin pericarp (ca. 0.25 mm. thick), still

crested by the minute peltate stigma. Seed solitary, hippocrepiform, ca.

1.5 cm. long, 1 cm. wide, covered with a red-orange aril.

Sumatra. Res. Westkust: precise locality lacking. P. IF. Korthals s.n. (l

[908251-984, lectotvpe; 90S25l-9S(). probable isolectotype
|

) ; Padang, "Sungei

bulu"
|
Sungei Baluj, at sea level, 0. Beeeari 904 [transcribed on label as 902]

(l), 939U). Sept. IS, 1S78; Priaman
|
Pariaman '

[. Dal.k badak, H. Diepen-

horst 2150 H B (bo. l) ; Priaman. /. K. Teysmann s.n. (a, bo, l). Res. Riouw:
W. Indragiri [Tndei ginj i iluk

j

I doc!
]

Region, Flutan Pulau Lawas, near

Taratak Air Hitam. on tlat sandy soil of lowland forest of Diptcrocarpaceae. IF.

Meijer 4365 (l), Jan. 16, 1956 (shrub with orange fruit, seeds carmine-red).

Ri s Bi nkoelan
|
Benkulan

|
. Fnggano island, Malakoni, near the river Mala-

koni. in forest. IF. /. Liitjcharms 4S42 (a. bo. i.). June 20. 1936 (small tree, ±
5 m. high). Without locality: Teysmann (l [908251-985]).

Java. Prov. Mid. Java: Res. Kanjoemas |Banjumas|, Subdivision Tjilatjap,

Noesa Kambangan, S. II. Koonlers IvOlB u;<>. i.g Dec. 10. 1891; same locality,

Koorders 9997B (l), Dec. 7. 1891. Prov. W. Java: Bantam, in mountain forest,

C. L. Blume s.n. (l [908251 9'),
|

, : without locality but apparently parts of the

preceding collection. Blume s.n. (l [908251-9S9 and -999]).

From the specimens examined, this species appears to be confined to

the islands of Sumatra and Java. It is very distinct from all other species

of Tenistrocmia in this area. The fruit, with its single locule and single

seed, probably was the basic character on which Korthals based his new
genus Rcimvardtia. This character alone sepaiates it from all other taxa

of Tcrnsfrocniia in the Eastern Hemisphere. The very thin pericarp is

also most unusual in the genus. A sinsde sheet (annarrnllv from Java)
in the Leiden herbarium (no. 908251-982), the collector unknown to me,
has a drawing and a brief description attached. Dissections of the fruit

on this specimen show that the author-artist mistook the conduplicate

character of the seed for a bilocular, two-seeded fruit.

In the above description, the staminodium of the pistillate flowers is

mentioned as "not seen (if present, falling with the petals)." There is a

brief disc-like area surrounding the pastil which causes the author to

believe that a staminodium may have been present. The base of the

staminodium may have been adnate to the base of the corolla, a character-
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istic usually found in this gen

usual finding.

Korthals in his original description refers to the stigma as
<l decern sul-

catum." I could not duplicate this observation. I found the stigma to be

irregularly scalloped, but not necessarily in tens.

As with his Reinwardtia elongata, Korthals gave the original locality

as Doekoe, noting that both species were growing in i< rests a little above

sea level. No specimens of Trmstmcmia patois with this locality are

present in either the Bogor or Leiden herbaria, but at Leiden there are

two collected by Korthals which match well the original illustration of

Reinwardtia patens which was almost certainl) ba ed at least in part on

this material. One of these specimen- lal
' vwardtia patens by

Korthals is chosen as lectotype; the other, which bears a small label with

"Nieuwlandia littoi li n I »rth I's hanri id another with ''Reinwardtia

patens Krths." in Blume's is apparently from the same plant.

It is this taxon that Koor< :. • incorre. tl\ ; died Tnnstroemia elongata

in making the transfer from Reinwardtia to Ternstroemia. This was an

unfortunate error which has caused considerable misunderstanding about

the two species T. elongata and T. patens.

roemia foetida, spec. nov.

10-18 m. high; branchlets terete, very light gray, thick (7-10 mm.

ster), with conspicuous large leaf and flower sen Le < ubcori

oblong-obovate to oblong-elliptic, 20-35 cm. long, 7-10 cm. wide,

I H qj, uiieal i t.h< h ip i it > tm h
[

< ti< u

1-2 cm. long, the midrib impressed above, elevated below, the margin

entire, the primary veins ca. 13 or 14 pairs, occasionally branching, anas-

tomosing near the margin, secondary veins occasional. Flowers bisexual,

solitary; pedicel sturdy, ca. 3 cm. long, curved or straight at the apex,

4-5 mm. in diameter at the ba • bracteol ! ;ubopp< te ca. 5 mm. below

the calyx, quickly caducous, broadh linear. 8-10 mm. long, 4 mm. wide,

rather thick through the center, thinning along the margin; sepals 5, thick

through center and at base, entire, unequal, the outer ones broadly ovate,

ca. 10 mm. long, 9-10 mm. wide, the inner ones rounded, 13-15 mm. long,

13-14 mm. wide, scarious at the margin; petals 5. large, concave, thick-

ened (fleshy) in center, unequal, the outer ones broadly ovate, ca. 23 mm.

long, 19-23 mm. wide, the inner ones rounded, 25-28 mm. long, ca. 25

mm. wide; stamens numerous, ca. 250, 5 or more seriate, very crowded,

unequal, rising from a disk 10 mm. in diameter, the outer ones ca. 12 mm.

long, concave, adnate to only the inner petal at the base, the filaments

3 mm. long, thin, broad as anthers, the anthers ca. 6 mm. long, projection

flat, as wide as anthers, 2 mm long, blunt at apex, the inner stamens ca. 8

mm. long, filaments fused, negligible in length, anthers 6 mm. long, the

projection 2 mm. long; ovary ca. 5 mm. long. 3.5 mm. in diameter. 2-loc-

ulate with 2 pendent ovules in each locule; style thick, 4-5 mm. long,
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split nearly the whole length (3 mm.), each part branched two or three

times, then rebranched with the sub-branches topped by a peltate arrange-

ment of ruffled overlapping stigmas. Fruit rounded, 5 cm. long, 3.5 cm.

in diameter, with persistent styles, 2-loculate, each locule 2-seeded; pedicel

sturdy, as much as 7 mm. in diameter at the apex. Seeds large, elongate,

2.6 cm. long. 1 -{- cm. wide, covered with an oily aril.

Arbor 10-18 m. alta. ramulis teretibus. griseis, crassis (7-10 mm).
Folia subcoriacca. oblongo-nhovata vel oblongo-elliptica, 20-35 cm. longa,

7-10 cm. lala. api icumi it; basi cuneata in petiolis crassis 1-2 cm.

longis attenuata, margine integerrima; costa supra canaliculata, subtus

elevata; venis primariis ca. 13 vel 14 paribus. Flores bisexuales, solitarii;

pedicellis ca. 3 cm. longis, basi 4 5 mm. diametro; bracteolis 2, subop-

positis, caducis, late linearibus, 8-10 mm. longis. 4 mm. latis; sepalis 5,

inequalibus, maigim uiiii'.'tiinii, run bus late ovatis, ca. 10 mm.
longis, 9-10 mm. latis, interioribus rotundatis, 13-15 mm. longis, 13-14

mm. latis, margine scariosis; petalis 5. mam' is. concavis. inaequalibus,

exterioribus ca. 23 mm. longis, 19-23 mm. latis, interioribus 25-28 mm.
longis, ca. 25 mm. latis; staminibus ca. 250, 5 vel plus seriatis, inaequal-

ibus, e disco 10 mm. diametro e\lerioribus ca.. 12 mm. longis, concavis,

basi ad petalum interiore adnatis, lilamentis 3 nun. longis. antheris ca. 6

1 let; apice truncatis 2 mm. projectis, staminibus inter-

ioribus ca. 8 mm. longis, filamentis paene in toto coalitis, antheris 6 mm.
longis connectivis 2 mm. projectis; ovario ca. 5 mm. longo, 3.5 mm.
diametro, 2-loculato, loculis 2-ovulatis, ovulis pendulis; stylo crasso, 4-5

mm. longo, paene in toto diviso (3 mm.), partibus 2- vel 3-ramosis, deinde

in ramulis ordinis tertii divisis, his -Uigmatibus peltatis imbricatis corona-

tis. Fructus 5 cm. longus. 3.5 cm. diametro, stylis persistcntibus, 2-locula-

tus, loculis 2-seminatis, pedicello crasso apice 7 mm. diametro. Semina
magna, elongata, 2.6 cm. longo, 1 + cm. lata, arillata.

Sumatra. Gouvr. Atji-ii: Simuluc
[
Simaloer. Simalur, Simeuloee] Island:

"Eil Simaloer/' Achmad 395 (a, bo. l), Apr. 24. 1918; Achmad 520 (a, bo, l),

July 5, 1918; Achmad r>J/ inn
|

I Wk,u| holotype; a, bo [135061], l [922,70-
392 and -406], isotypes), Sept. 15, 1919 ( 10 m. hi.uh. crown 7 m. diam.). Tapah
Island: "Landschap Tapah (Defajan)," Achmad 1518 (a, bo. l). Nov. 24, 1919.

Although only four collections of this unusual species were available

for study, the number of duplicates found at the Arnold, Bogor, and
Leiden herbaria numbered over twenty. Ample material of both flowers

and fruit was available. It appears that the laxon is limited in distribu-

tion to the two small islands of Simulue (note variant spellings) and
Tapah off the northwestern coast of Sumatra.
The two features of this species which are immediately noticeable are

the unpleasant odor and the generally large size of the stem, leaves, flowers,

and fruit. The objectional odor is not unusual in the genus. Dr. Koster-
mans, of Bogor, had told me earlier that while collecting in Indonesia he
was able to detect the presence of members of the group at quite a distance
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by the odor. The leaves measure up to 35 cm. in length. However, in

most of the specimens examined the average length is 20-25 cm. The

flower parts are all large and quite fleshy. Especially noticeable are the

petals, which, as far as I can determine, never open flat but continue

concave. Only the stamens opposite the inner petal appear to be adnate

to the corolla, which is different from most species of the genus. The fila-

ments of the outer row of stamens appear to be joined the whole length in

a sort of collar. They are quite thin but equal or nearly so to the width

of the anther. The filaments in the inner rows are so fused that they

appear as a single mass and cannot be separated. Accommodating this

arrangement of filaments for so large a number of stamens (250) is a disk

about a centimeter in diameter (including the pistil).

The ovary is quite typical of the genus. The style is sturdy, measuring

five millimeters or less, and is split in two nearly to the base. In the

fruit the two parts are entirely separated. Each portion of the style

branches several times and is finally topped by a circular peltate stigma

consisting of the combined ruffled, overlapping surfaces of the several

stigmas.

Ternstroemia palembangensis, spec. nov.

Small tree 15-18 m. tall; branchlets terete, thick, light gray-brown, with

large leaf scars. Leaves large, coriaceous, oblong-obovate, 20-35 cm.

long, 8-10 cm. wide, acuminate at the apex, long-cuneate at the base,

tapering into a thick petiole ca. 1 cm. long, the midrib impressed above,

elevated below, the primary veins 10-12 pairs, anastomosing near the

entire margin. Buds tight, globose, ca. 1 cm. across, very hard, difficult

to dissect. Flowers bisexual; pedicel 2-2.5 cm. long, straight, erect;

bracteoles 2, opposite ca. 3 or 4 mm. below the calyx, linear, ca. 3 mm. long;

sepals green, unequal, grading gradually from outer to inner, the outer-

most broadly ovate, acute at the apex, 4 mm. long, 4.25 mm. wide, the

innermost unguiculate, rounded at the apex, 9 mm. long, 10 mm. wide,

the claw 4.5 mm. wide; petals fleshy, ivory white, the outermost nearly

2 cm. long; stamens numerous, ca. 150, 4-seriate, dirty white, ca. 5 mm.
long, the filaments free, 1.5 mm. long, flattened, as wide as anthers, the

anthers ca. 3.5 mm. long, the projection less than 1 mm. long, deltoid to

a point, the projections tending to stick together; disk 8 mm. across;

ovary long-conical, ca. 10 mm. long, tapering into the entire style ca. 3 mm.

long, 2-loculate, probably with two pendent ovules in each locule (only a

single ovule seen in one locule) ; stigmas 2, linear and undulating (almost

threadlike) in bud, linear at anthesis and coiled back. Fruit ovoid, 4 cm.

long, 3 cm. in diameter, terminating in a strong beak ca. 5 mm. long

formed from the persistent style, 2-loculate, each locule 2-seeded; calyx

persistent, appearing fused at base into a single unit. Seeds large, 2.5 cm.

long, 1.5 cm. wide.

riseo-brunneis. Folia
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acuminata, basi cuneata in petiolis crassis 1 cm. longis attenuata, margine

integerrima; costa supra canaliculata. sublus elevata; venis primariis

10-12 paribus. Florcs bisexuales; pedicellis 2 2.5 cm. longis, erectis; brac-

teolis 2, oppositis, linearibus, ca. 3 mm. longis; sepalis viridibus, inequali-

bus, exteriori late ovato. apice aculo. -I nun. longo. 4.25 mm. lato, interiori

unguiculato, apice rotundato, 9 mm. longo, 10 mm. lato; petalis carnosis,

exteriori ca. 2 cm. longo; staminibus c;i. 150, 4 seriatis. ca. 5 mm. longis,

filamentis liberis, 1.5 mm. longis, antberis ca. 5.5 mm. longis, connectivis

deltoideis minus quam 1 mm. longis; disco <S mm. diamctro; ovario longe

conico, ca. 10 mm. longo. 2 !>
. i.. . h i <

I

e probabiliter 2-ovulatis; stylo

ca. 3 mm. longo; stigmatibus 2, in alabastro linearibus. undulatis, anthesin

linearibus recurvatis. Fructus ovoideus, 4 cm. longus, 3 cm. diametro, per-

rostratus, rostro ca. 5 mm. longo ex stylo persistente, 2-loculatus, loculis

2-seminatis; sepal mihu i» i < mnilis Semina magna, 2.5 cm.
longa, 1.5 cm. lata.

Sumatra. Res. Palembang: "Ond. Afd. Banjoeasin en Koeboestreken bij

Bajoenglintjir"
|

Subdi\ ismn Banjuasin and Kudu region near Bajunglintjir; ca.

165 km. nw. of Palembang], alt. 15 m., L. J. W . Dorst 69T-1P-125 (bo

[135020], holotype; ho
[
13501S. 15501') |, i.

[
022253-245 |, isotypes), buds col-

lected Nov. 13. 1920, (lowers Feb. 27, 1921; "Ond. Afd. Banjoeasin en Koeboes-
treken," A. Thorenaar 69T-1P-125 (bo). June 15, 1921; same locality and
altitude, C. /. van der Zwaan WT-lP 125 (bo), Aug. 6, 1922; same locality, alt.

20 m., W. Grashoff 817 (bo, l), fruit, Nov. 15, 1915.

This new species appears to be most closely related to Ternstroemia
joetida in its very large leaves and large flowers and fruit. Both have
sturdy pedicels with rather large linear bracteoles located a few milli-

meters below the calyx. In T. joetida, however, the smallest calyx lobe

(10 mm.) is longer than the largest 9-10 mm.) found in the present spe-

cies. The stamens are also more numerous (250+) and are arranged
in more series (five or more). The filaments, except for those of the outer

series, are negligible in length and cannot be separated, and the projection

is broad and flat at the apex. The style of T. joetida is two-parted nearly

its entire length, branching and rebranching and topped by a peltate ar-

rangement of overlapping stigmas. The fruit is rounded, topped by the

persistent style and stigma.

In Ternstroem '

, Tits are 1.5 mm. long and
free their whole length. Flu pi tioi distinctly deltoid. The style is

entire at first, later splitting and topped by filiform stigmas. The ovary
and fruit are long-conical. The persistent si vie splitting slightly forms
a definite beak to the fruit.

Ternstroemia kjellbergii, spec. nov.

Tree 3 m. high; branchlets terete, thick, 6-7 mm. in diameter. Leaves
large, coriaceous, oblongobovate, 25 52 cm. long, 11-14 cm. wide, rounded
at the apex, abruptly apiculate. cuneate at the base, the midrib deeply

canaliculate above, very prominently elevated below, the primary veins

12-16 pairs, oca, ion do bian Inn-' < >u pi n n hi >w, anastomosing
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near the margin, the petiole ens sate as much as 5 mm. in diameter, 2 cm.

long. Flowers not seen. Fruiting pedicel ca. 3.5 cm. long, thick, ancipi-

tous; bracteoles 2. aducou? the .cars subopposite below the calyx; sepals

subeqn il <Ik )iiici Iwo iu rrow< i ill round* d n >l, • ap< i 10 mm ion:.'

8 and 11 mm. wide, joined at the base up ti 5 mi rail oblong, 4 cm.

long. ca. 2 mm. wide, topped at the apex by a broken style, 2-loculate,

each locule 2- or 1-seeded, the locules not occupying the whole fruit but

measuring only 2 ui i Ion; n< v. ih ape? th< Icwei ti; i >f fruit represented

by a pyramidal mass of spongy, undifferentiated tissue tapering into the

central thickening between thi walls of the locules. Seeds quite black

when dried, hippocrepiform. ca. 1.8 cm. long, 1 cm. wide, covered with a

darkened aril.

Arbor 3 m. alta, ramulis teretibus, crassis, 6-7 mm. diametro. Folia

magna, coriacea. ol l;n : :
• l> - m 25 -52 cm. longa, 11-14 cm. lata, apice

rotundata subito ;ipi ul la bn i ( um 4a m<ta supr; analiculata subtus

prominenter eleval.. vnis pnmariis 12-16 paribus; petiolo crasso ad 5

mm. diam., 2 cm. longo. Flores non visi. Pedicellus fructiferus ca. 3.5

cm. longus, crassu r.ipiiu hu l.-oh <; uboj o( <• ms caducis; sepalis

subaequalibus 2 exterioribus angustioribus omnibus apice rotundatis, ca.

) mm. longis, 8 et 1 1 mm. latis, basi connatis ca. 5 mm. Fructus oblongus,

cm. longus, 2 cm 1 itu ipu mm mat u L J > li < 1 loculatus, loculis

vel 1-seminatis, loculis ad apicem fructus, loculis tantum 2 cm. longis,

limidio inferiore fructus textu spongioso pyramidali, attenuato inter

oculos. Semina nigra in siccis, hippocrepiformia, ca. 1.8 cm. longa, 1 cm.

ata, arillata.

Celebes. Central Celebes: Lelewao [Lelewaoe] Distr., Preho, tropical rain

orest, alt. 600 m., G. Kjellberg 2517 (s,"holotype; bo [134991], isotype), Oct.

15, 1929.

This taxon differs from all others found in the Celebes in the extremely

large leaves, the rounded apex of which is sharply prolonged into an apicu-

dension. The fruit in the dried state appears quite oblong, but in

the fresh condition the diameter may register larger (by as much as a centi-

meter) than is recorded above. The inner structure of the fruit varies

considerably from that found in the other species of the genus which I have

examined. Ordinarily the seeds and the locules which contain them

occupy the whole structure of the fruit. In this taxon the locules and

seeds are confined to the upper half of the fruit. In the lower half below

the seeds one finds an unusual pyramidal mass of spongy tissue which

tapers at the apex into the center thickening which is found between the

inner walls of the locules. Considering the overall size of the fruit, the

seeds are unexpectedly small.

Ternstroemia urdanatensis var. crassifolia, var. nov.
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Celebes. SW. Celebes: Onderafdeeling [Subdivision] Enrekang, Pokapind-
jang [one of the Latimodjong Mountains], alt. 2800 m., P. J. Eyma 613 (a,

holotype; bo [134979], l [951166-220], isotypes), June 16, 1937 (fruit wine-

Like Ternstroemia urdanatensis (Elmer) Kobuski var. urdanatensis

(see description in Jour. Arnold Arb. 42: 268. 1961), this variety is

characterized by a globose fruit (ca. 9 mm. long and 10 mm. in diameter)

topped by a short style (2 mm. long) and a two parted punctate stigma.

In each locule of the fruit were found eight to ten small seeds so crowded
that several were misshapen. Of these seeds, probably only four to six

would develop to maturity in each locule. The seeds measured 4 mm. long

by 3 mm. in diameter and were covered by a mealy aril, bright in color,

probably orange or red.

Since this taxon was observed as a single fruiting collection, I do not

designate the relati i
I

i d< mis with any cer-

tainty. The leaves vary from those of the typical variety in their thick-

ness and impressed veins on the upper surface. It may be that when
flowers are found and examined this taxon will prove to be specifically

distinct.

)binsonii Merrill, Interp. Rumph. Herb. Amboin. 3:

Ulithxoi-tunos moiittuni \ umplim I rrl Vmboin 3: 2\A,t.l39. 1743.

Tree 15-20 m. high; branchlets thick (8-10 i 1 i ster), reddish

brown, occasionally grayish brown, striate in the dried stage, interrupted

by large leaf scars ; leaves congested at the apex of the branchlets, oblong-

obovate, 15-25 cm. long, 5-9 cm. wide, deep purple-brown when dried,

thick-coriaceous, the apex obtusely acuminate, cuneate at the base, the

midrib canaliculate above, elevated beneath, the veins 1 5-20 pairs curv-

ing upward near the apex but not anastomosing, the petiole stout, ca. I cm.
long. Mature flowers not seen. Pistillate bud ca. 1 cm. across; pedicel

sturdy, 1.5 cm. long, 0.5 cm. in diameter; bracteoles 2. opposite, quickly

caducous, the scars ca. 4-5 mm. below the calyx; calyx-lobes unequal,

the outer two rounded 7X9 and 8X8 mm., the inner three unguiculate,

8-11 mm. long, ca. 11 mm. wide at the upper portion, 5 mm. wide below,

all lobes much thickened and joined at the base into a wide, shallow tube;

corolla lobes inseparable in the tight bud ; staminodia in four series at base
of the ovary, ± 200, deltoid, ca. 1 mm. long; ovary broad, flattened dome-
shaped, 2 mm. high, 5 5 mm. across, 2-loculate, each locule 2 -ovulate, the

ovules pendent from apex of the locule; style short, thick 1 mm or less

long, two-parted, each part three-branched, each branch topped by a
broad, spreading stigma as much as 3 mm. across with undulate margin.

Fruit ellipsoid to rounded, 5-6 cm. long, 4-5 cm. wide, bright red when
fresh, brown when dried, two-loculate, each locule two-seeded; fruiting

pedicel ca. 2.5 cm. long, spreading at the apex into the broad, persistent,
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much-thickened, rugose calyx measuring 2.5-3 cm. across. Seeds 3-4 cm.

long, 2-3 cm. across, covered with a dense, red, mealy aril.

Moluccas. Ambon (Amboina) : Hitoe messen, in forests, alt. 350 m., C. B.

Robinson (PI. Rumph. Amb.) 275 (gh, lectotype; bo [134825], l [920191-385],

isotypes), Oct. 18, 1913; Haitoe besar, alt. 280 m., Neth. hid. For. Serv. bb

10135 (F. de Bell 8) (bo), June 26, 1926; Waai, alt. 100 m., Neth. hid. For.

Serv. bb 25979 (P. Buwalda 634) (a, bo, l), Sept. 26, 1938.

Up until now, Ternstroemia . oi')i>>\ >.;>>, us been known only from fruit.

The pistillate structures enumerated above have been drawn from the

dissection of a single flower bud. The measurements, of course, will not

hold for the mature opened flower, when encountered, but the basic

morphology has been made available for comparison with other species.

This species shows a great resemblance to Ternst • iia \ Uppin •>

in size of flower, ft ul md 1 < 1< •• « m , b lit pmensis the thick-

ening at the base of the fruit is between the fruit and the calyx-lobes,

whereas in the present species the thickening is found below the calyx-

lobes. Also, the calyx-lobes in T. philippinensis are all rounded, although

similar in size to those of T. robinsonii, in which the thick inner lobes are

unguiculate In / bhilii. f>i h is longer and sturdier and

often persists in the fruit, giving the appearance of a double beak. The
stigma is never persistent. In the present species, when persistent, the

style is so short that the stigmata often continue into the mature fruit,

lying flat at the apex of the mature structure.

Since the original holotype no longer exists because of the destruction

of the Philippine herbarium during the war, the duplicate deposited in the

Gray Herbarium has been designated as the lectotype.

In studying the description and crude illustration of Ichthyoctonos

montana Rumphius, published in 1743, I agree with Merrill that they cor-

respond closely enough to represent this species. However, I do not agree

that Ichthyoctonos litorea silvestris latijolia, described immediately pre-

ceding /. montana, belongs here. The serrate or undulate leaf, the obvious

style, and the size of the fruit, along with the shape of the terminal bud,

remind one more of Adinandra or Eurya.

The range of this species may extend to the adjacent island of Buru
(Boeroe). Four sterile specimens appear to belong here. Three collected

by P. S. P. Oersipuny {167 \
Veth Ind "> Serv bb 22825]) at Kak

Toea, alt. 800 m., 24 May 1937 (a, bo, l), resemble Ternstroemia robin-

sonii very much. A fourth specimen (L. J. Toxopeus 491 [bo-134826] ),

collected' at Fakal, at an altitude of 1250 m., September 1, 1921, is less

carefully preserved and is mentioned here without too much assurance.

Ternstroemia nitida Merrill, Jour. Arnold Arb. 8: 10. 1927.

Small tree, 7-12 m. high; branches and branchlets terete, fairly smooth,

brownish gray. Ueaves disposed near or at the end of the branchlets, char-

taceous to thin-coriaceous, shiny, oblong-elliptic to oblong-obovate, 6-10

cm. long, 2.5-4 cm. wide, acuminate at the apex, cuneate at the base, the
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midrib canaliculate above, elevated below, primary veins 5-7 pairs, some-

what obscure, arching upward and anastomosing near the margin, second-

ary veins occasional, the petiole 1-1.5 cm. long. Plants dioecious. Stam-

inate flowers axillary, solitary; pedicel unusually slender, tenuous, 1-2 cm.

long; bracteoles 2, opposite, immediately below the calyx, minute, del-

toid, 2 mm. long, 1.7 mm. wide at the base, sharply pointed at the apex,

with few (2 or 3) glandular denticulations along the margin; calyx-lobes

unequal, the two outer lobes ovale, 5 4 mm. long, ca. 3 mm. wide, the

margin entire, the three inner lobes ovate, rounded at the apex, 5-6 mm.

long, ca. 4 mm. wide, the margin scarious; corolla-lobes obovate, some-

what concave, 5-7 mm. long, 4-5 mm. wide near the apex, rounded at

the apex, joined lightly at the base; stamens uniseriate. ca. 35. unequal,

3.5-4.5 mm. long, the filaments 1 2 mm. long, joined at the base and

adnate to the base of the corolla, the anthers 2 2.5 mm. long; pistillodium

flat, undeveloped, with a pseudostyle projected 1 mm. upward. Pistillate

flowers not seen. Fruit ovoid to obpyriform, recurved, purple, ca. 1 cm.

long, 0.8 cm. in diameter. 2-loculate. each locule with a single seed pen-

dent from the apex of the locule; fruiting style usually partly broken off,

occasionally intact. 3-4 mm. long, usually two parted at the apex for 1

mm., often appearing entire (line of separation visible under the lens),

the stigmas two. subpeltate or peltate (?). Seed hippocrepiform, tawny

in color, 5-6.5 mm. long. 4-5 mm. in diameter, covered with a tawny

colored aril.

China. Kwangtixc, : Lung Tail Mountain, right side of hi village, forest in

K'i ravine. Canton Christian College no. 12500 (To, Tsang & Tsang — Wulsin

Exped.) (us. holotvpe
|
tide L. H. Smith |; a. km. isotvpes). June 26. 1924 (tree

12 m.; ilowers white, fragrant). Kiancsi: S. Kiangsi, Tai Au Hong. sw. of

Sungwu, above stream in forest, alt. 550 m., /. L. Crcssitt 15<Jn (a), July 5, 1956

(tree with orange tlowers i ; Kiennan Distr.. Sai Hang Cheung, Tung Lei village,

in thicket along stream on a dry, gentle loam slope, S. K. Lau 4061 (a). Aug.

1934 (woody; 7 m. high); Lungnan Distr., Oo Chi Shan, near Lam Uk Tung

village, on dry, steep, clay slopes in forest. S. K. Lau 4501 (A). Sept. 16-30.

1934 (rare, woodv, 5 m. high); Yi feme Tung-ho. Hwang-kan Shan, in woods

along stream. F. K . Ilsiu/ig o460 (a). Oct. 15. 1947 (common tree). Chekiang:

south of Pang Yung, in woods, Ah C. Ching 2063 (a, k, paratype collection),

July 11, 1924 (fairly common, small tree. 10 m.). Amiwf.i: S. Anhwei, east

Wu Yuan, on open, rocky stream bank. alt. 600 m.. R. C. Ching 3314 (a, k),

Sept. 4, 1925 (rare, low shrub, 1.5 m.; with evergreen pale, shiny leaves: fruit

nodding, purplish in color). Kwangsi: Lien Ohuen Distr., along stream in

woods, V.. II'. Chung 83702 (a). Sept. 9, 1957 (tree); Kwei-lin Distr.. Chin-

kang Shan, Ta-chiaug-yuan ami vicinity, in swampy thickets. IF. T. Tsang 28262

(a). Sept. 1-17, 1957 (fairly common, woody, 3 m. high).

This species is easily recognized by two very unusual and obvious

characters: its disagreeable odor and slender pedicels. All of the parts

(leaves, flowers and fruit) give off a strange, obnoxious odor, easily rec-

ognized at quite a distance in herbarium specimens. When material for

dissections is being boiled up, the strong odor will pervade the halls and

rooms nearby. The only other species studied so far with a similar odor



1963] KOBUSKI. STUDIES IN THEACEAE. XXXIV 433

is Ternstroemia joetida, quite unrelated in other characteristics to T.

nitida and confined solely to the islands of Simulue and Tapah, off the

northwestern coast of Sumatra.

The flowers and fruit are both very small for the genus. The fruit,

measuring only ca. 1 cm. in length, is purplish in color and quite ovoid

in shape. Each of the two locules is single seeded. The style, which re-

mains intact in the fruit, is quite long (3-4 mm.) in comparison with the

size of the fruit and is usually two parted for a third of its length at the

apex. When not separated, the two ' separ; ting larts of the style are

obvious under a hand lens. It is difficult to designate accurately the shape

of the stigma from the dried-up stage found on the fruit. It appears to be

subpeltate, but to what extent, one cannot be certain. The pistillate

flower, although not seen in this study, can almost be reconstructed from

the fruit, with the exception of the stigma and the presence of a stamin-

odium or stamens. The pedicels are very slender, almost threadlike, re-

curved by the weight of the fruit.



JOURNAL OF THE ARNOLD ARBORETUM

STUDIES IN THE THEACEAE, XXXV
TWO NEW SPECIES OF TERNSTROEMIA

FROM THE LESSER ANTILLES l

Materiari-arbor grandis, 25-30 m. alta, ramulis crassis teretibus brun-

neis. Folia subcori;irc;i. olmvaia. S 12 cm. longa, 3-5.5 cm. lata, apice

rotundata vel late obtusa, basi cuneata, margine subintegerrima, costa

supra canaliculata, subtus elevata, venis ca. 10-paribus subobscuris, peti-

:»!i'-; <a. I cm. lon»is. Vhnvs axilknes vel apice ramulorum congesti; pedi-

cellis ca. 1 cm. lom-b hi i< teolis 2 oppositis, inaequalibus, decurrentibus,

eglandularibus, 2-2.5 mm. longis, 1.5-2 mm. latis; sepalis 5. imbricatis,

albidis, ovatis. apice subrotimdatis. inaequalibus, 6-7 mm. longis, 4.5-5

mm. latis, margine integerrimis; petal is 5, aureis, inaequalibus, extus

duobus ovatis. 9-10 mm. longis. 4.5 5 mm. latis. intus tribus longe ovatis,

9-10 mm. longis, 2.75-3 mm. latis, apice subapiculatis; staminibus

uniseriatis, ca. 15, inaequalibus. 5 longis (S.5 9 mm.). 10 brevioribus (ca.

6 mm.), filament 2-3 et 1-1 1 s 1 s s the 4 i

et 3-3.5 longis, connectivis attenuatis, 1.5-2.5 et 1.5 mm. projeclis; ovario

subgloboso vel subconico, ca. 3 mm. diam., 3-loculato (subinde 5- vel 6-

loculato apparento), loculis 2-ovulatis; stylo attenuato, ca. 4 mm. longo,

basi subcrasso; stigmate punctiformi. Fructus non visi.

St. Lucia: Forestiere district, ca. 1 mile due southeast of Trois Pitons, ca. 1100

ft., G. K. Proctor 1S22Q (a, holotype; ij, isotype), June 9, 1958 (large timber

tree; sepals white, petals yellow; "merise").

Mr. George R. Proctor, the collector of the type specimen and for whom
the species is named, told me that this species, although not common, was
one of the large timber trees of the area. Several characters are very

distinctive. The sepals are white in the fresh state, while the corolla is

clearly a sharp, deep yellow. Both of these colors are unusual in Ternstroe-

mia. In the majority of species, the sepals are reddish brown and the

corolla white or creamy white.

The stamens, about fifteen in number, are arranged in a single series

with five long stamens and ten shorter ones. The five long stamens are

located between the petals with two short stamens alternating with each

long one. Irregularity in the size of the stamens is very characteristic in

the genus. However, this is the in .1 linx ih >l I h. cr recognized a definite

pattern, especially in a single series arrangement. In a multiseriate ar-

'See also "Studies in the Theaceae, XTV. Notes on the West Indian species of

Ternstroemia," Jour. Arnold Arh. 24: (,0-76. 194.5, and "A New Species of Tern-
!•<>> > no I. | I "hod, i i SO i, ] i ,
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rangement one finds the longer stamens in the outer series and the shorter
stamens in the inner, with a gradation in size from the outer to the inner

series. In some flowers there were sixteen, and even eighteen, stamens.
The variation in number was found in the shorter stamens.
The arrangement of the locules of the ovary might appear confusing.

Actually, there are three locules to the ovary with two ovules in each.

However, cross-sections nearer the top of the ovary show what appear to

be five locules or six locules with a single ovule in each. In the latter

situation the placentae appear joined to the locule wall giving a six-loculate

appearance. Not having seen the fruit, one can hardly conjecture what
the appearance of a cross-section might be. Often the seeds grow to a size

completely filling the locules, sometimes causing the placentae, as well as
the locule walls, to be distorted.

The bracteoles beneath the calyx are distinctly decurrent the entire

length of the pedicel. When one attempts to remove the bracteoles, a
strip of tissue adheres to the base of the bracteole. In this instance no
scar is left on the pedicel, as is usually the case.

Ternstroemia sanctaluciae, spec. nov.

Arbor 3-4 m. alta, ramulis teretibus griseis. Folia coriacea, obovata,
apice ramulorum congesta, 4-6 cm. longa, 1.5-2 cm. lata, apice rotundata;
basi in brevissimis (ca. 3 mm.) petiol attenuata margine in sicco revoluta,
integerrima, pauce minuta glanduioso-denticu ita o supra canaliculata,
subtus elevata, venis ca. 5-paribus. Flores solitarii, pedicellis ca. 2 cm.
longis; bracteolis 2, oppositi: . !,! .

,. x tus ovato, 3X2 mm., apice
acuto, apice apiculato; intus subdeltoideo, 3X3 mm., eglandulari; sepalis

5, imbricatis, inaequalibus, exterioribus duobus ovatis, ca. 8 mm. longis et

6 mm. latis, interioribus tribus 9-10 mm. longis, 7-8 mm. latis, subro-
tundatis, apice retror.se apici rgin ntegerrii

; petalis 5, 7.5-8

stamina ca. 50, triseriatis, inaequalibus. 6-8 mm. longis, filamentis 1-1.5
mm. longis, basi ad corollam adnatis, antheris 2.5-4 mm. longis, oblongis,
connectivo longe caudato, 1.5-2.5 mm. projecto: pistillo ca. 9 mm. longo,
ovario conico vel subgloboso, ca. 3 mm. longo, 2-loculato, loculis pauci-
ovulatis, stylo attenuato, ca. 6 mm. longo. stigmate punctiformi. Fructus

Ternstroemia sancfa/itciar differs from the preceding species. T. proc-
toriana, primarily in the number of locules in the ovary and the number
of stamens arranged in three series. Another difference is that the bracte-

oles of this species are not decurrent and when removed leave scars. While
in the preceding species the corolla is colored a deep yellow throughout, in
T. sanctaluciae the upper half of the petals exhibits the same color but
the lower half is a distinct pink in the fresh state, drying a rather dark red.
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THE TRIBES OF COMPOSITAE IN THE SOUTHEASTERN

UNITED STATES 1

Otto T. Solbrig

COMPOSITAE Giseke, Praelect. Ord. Nat. LI. 538. 1792, nom. cons.

(Sunflower Family)

Annual or perennial herbs, shrubs [or small or large trees] .
rarely trailing

or scrambling vines or aquatics; often stoloni tenuis, t hizomatous, or with

tubers or fleshy roots; laticiferous or resinous; often spiny, hairy tomen-

tose or woolly-felty, or glandular. Leaves opposite, alternate, fascicled, or

rarelv whorled. rosulate and or cauline
|
or absent

|
, entire, lobed or dissect-

ed, but never truly compound with articulati ieatlets,
|

sometimes fleshy,]

exstipulate, petiolate or sessile
|

seldom terminating in a tendril]. Heads

(capitula) solitary at the end of the branches or scapes or arranged in

various types of "inflorescences." Flowers (florets) always borne in a

many to [rarely 1
|

flowered head { p Inlum >n a Hat convex, or, more

frequently, concave receptacle, sometimes provided with receptacular

bracts (paleae), and surrounded by involucral bracts (phyllaries) of varied

sizes and shapes arranged in one to several series. Florets basically either

bisexual or 9 , or by abortion of the pistil ,' or neuter; heads with bisexual

(heterogamous) and or unisexual (homogamous) florets (if unisexual the

plants then either monoecious or dioecious). True calyx absent or trans-

1 Pivpaivd for a hioloidralls .
southeastern Unit

Carroll I- Wood, Jr. This trea ment f .Hows Hie sty - establish

jour. , mold Art). 3

The area by and ii
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descriptions ol all tli.
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workers out- de tin

John niormaln
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formed and replaced by :i pappus <>l bristles, awns, or scales win", h aids m
the dissemination of the seed. Corollas sympetalous, 5-merous, regular,

tubulai filiform, bilabiate 01 ii^ufatt' (with the li.milo oft^n !-5 toothed )

.

Stamens 5, inserted on the corolla, united by the anthers (or rarely only by
the filaments), forming a tube surrounding the style: anthers bilocular,

with an apical appendage (rarely absent) and' a connective, a rounded,

auriculate, or tailed (caudate) basal appendagi presenl or absent on each

anther-half; pollen globular, generally tricolpate, or occasionally tetracol-

pate, often covered with culpturin,!! n »ines. Gynoecium syncarpous,

2-carpellate; ovan inferioi uniloculai with an erect basal, anatropous
ovule; style normal! ; bran< ) d th< branches usually with stigmatic

papillae inside and diverse types of "collecting" or "brushing" hairs on the

outside; styles of the ligulate and tubular flowers in a head usually of dif-

ferent types. Fruit a glabrous or variously appendaged cypsela ("achene"

t>i i ins! authors), often crowned by the pappus, with ,

Endosperm lacking; embryo straight. (Asteraceae Du
55. 1822, nom. alt.; including Aeamaceae Link. Amb
\ntluauidiacrae Link. Arctoridaceae Bess.. Calendulaceae Link. Carduaceae
Small, Cichoriaceae Juss., Coreopsidaeeae Fink. Flichrysaceae Link.

Eupatoriaceae Fink, Heleniaceae Bess.. Helianthaceae Bess., Inulaceae

Bess., Lactucaceae Ikos. Mul isiarcae Link, Partheniaceae Link, Perdici-

'>'<i' Kwi ' *' -<" -wild d>out h)(M)()
r

>( i< iM.umt for Compositae
usually being considered the largest family of flowering plants. The family

is truly cosmopolitan \tt uling i omthe Arctic Loth* ubantarctic islands

(but absent from the Antarctic Continent) and from sea level to snow
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line of the highest mountains. Although they have successfully invaded

all types of habitats, perhaps with the exception of the aquatic (only a few

species are truly aquatic), Compositae are particularly conspicuous in dry

areas and in montane regions. The family includes both small, isolated,

well-marked genera and some of the largest, cosmopolitan, polymorphic

complexes in the plant kingdom, with indistinct generic and specific limits

(e.g., Senecio, with over 1000 species). About 120 genera occur in our area.

Compositae are characterized by having their flowers grouped into heads

(capitula), which only rarely are single flowered. (Single-flowered heads

are, however, generally associated in secondary heads.) The receptacle of

the head is usually tlat or slightly convex, occasionally conical, or more

rarely concave. The surface of the receptacle is either scrobiculate,

foveolate, areolate, fimbrillate, setiferous, or alveolate, or is paleaceous,

with membranaceous scales, each sublending a floret. The capitulum is

surrounded by a number oi modified leaves, the involucral bracts in one or

more series, often with the outermost series much reduced forming a caly-

culus. The involucral bracts, of various shapes and varying consistency

from herbaceous to woody coriaceous, are often armed with spines and/or

hooks (particularly in Cardueae). The heads as a rule possess two types of

florets: one or more rows of pistillate, li oil ite n in norm florets on the

outside, and bisexual, tubular florets in the inside: but all the florets can

be either tubular or ligulate (in which case they usually are all bisexual).

The florets are usually yellow, but the\ can be white, orange, red, blue, or

violet. The Compositae are further characterized by united anthers, bifid

style, calyx modified into a pappus, and bicarpellate inferior ovary with a

single, erect ovule, which develops into a characteristic fruit.

The family is predominantly herbaceous or subshrubby, particularly in

the temperate zones, but woody members, including large trees 20 m. in

height, are not rare. The Compositae are most likely primitively woody.

A more or less developed "excretory apparatus," found in all but two of

the genera studied, is represented by two distinct tissues: schizogenic

canals inclosing oleoresins and fundamentally deriving their origin from

the endodermic cells; and laticiferous cells, either isolated or anastomosed,

found in the perieycle, near the primary phloem, or in the midst of the

secondary phloem parenchyma. One type or the other may be character-

istic of species, genera, or tribes {q.v.).

The ovary wall in many Compositae contains calcium oxalate crystals,

the form of which varies characteristically from species to species. Some

have visible markings; others reveal complex struct ores when heated or

treated with acids. These bodies seem to be organized inclusions of the

The Compositae form a distinct group, often treated as comprising the

order Asterales. The relationships of Compositae to other families are not

entirely clear. They have been considered allied to Campanulales on ac-

count of the connate 1 anthers, milky juice. Composite-like heads, and similar

vegetative aspect of some species of Campanulaceae, particularly those of

subfam. Lobelioideae. Calyceraceae and Dipsacaceae have also been cited
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as possible ancestral groups on account of their involucrate inflorescences

and one-seeded fruits, but both have the single ovule pendulous from the

top of the ovary, while in Compositae the ovule is basally attached. Finally,

an alliance to the Rubiales has also been considered because of the pappus-
like calyx, the differentiation of the marginal flowers, and the tendency
towards a 2-carpellate, uniovulate ovary, features which occur in different

families and species of the Rubiales.

The flowering heads of Compositae are often very showy. Pollination is

largely by insects, although ornithophily is also known. Anemophily is the

rule among the ragweeds {Ambrosia spp.) and their allies, the pollen of

which is among the most important causes of hay fever. Wind pollination

has been accompanied by a series of special adaptations, such as free

stamens, inconspicuous heads with reduced involucre, and reduction in

the number of flowers per head. Polyploidy and hybridization are fre-

quent in many genera. Most Compositae are self-sterile.

Apomixis has been shown in 16 genera, and for eight others there are

reports of triploids and unbalanced chromosome numbers, possible indica-

tions of apomixis. In view of reports that apomixis is common in Com-
positae, this is a rather low figure. Nevertheless, some widespread genera
such as Hieracium, Taraxacum, Rudbeckia, Erigeron, and Antennaria
have many apomictic species. The most common types of apomixis are

either diplospory or apospory followed by parthenogenesis. Some species

have nonagamospermous apomixis.

Dispersal of fruits is mostly by animals or wind. Adherence of the fruit

to animals may be obtained by glandular structures or mucilaginous peri-

carps; by hooks, which may be in the involucre as in the cockleburs
{Xanthium spp.) or in the pappus; or, more frequently, by hairs. The more
common situation is dispersal by wind, the chief dispersal mechanism
being the pappus, which acts as a kind of sail, as well as parachute and
helicopter rotor. Dispersal by wind is further aided in many species by the
involucral bracts, which can be hygroscopic, recurving under dry conditions.

The pappus also often responds to changes in humidity and extends fully only
when the relative humidity is under 70%. Dispersal of the fruits by
water is also aided by the pappus which traps a bubble of air and helps
flotation, but this type of dispersal is rare.

Classically, the Compositae have been subdivided into a number of
tribes on the basis of such characters as differences in the styles of the
bisexual flowers, the basal appendages of the stamens, the presence or

absence of receptacular bracts, the shape of the corolla, and the type of

pappus. It is also customary to consider one tribe, the Cichorieae, as form-
ing a subfamily, the Cichorioideae Kitamura (Ligulifloreae, of authors), on
account of the uniqueness of their heads of only ligulate florets and the
universal presence in this tribe of anastomosed latex canals; all the other
tribes are grouped under the subfamily Asteroideae (Tubuliflorae, of
authors). The major tribal categories are fairly well agreed upon, although
different authors vary in according either subtribal or tribal status to some
groups; most accept either 12 or 13 tribes.
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The phylogenetic and evolutionary relationships within the family are

not clear. Certain tribes, such as Cichorieae, Aslereae, and Calenduleae,

appear to be fairlv specialized and advanced. The Heliantheae are con-

sidered by many as the most primitive tribe, but the Mutisieae, Vernonieae,

Cardueae, and even Senecioneae have also been suggested. Characters

considered to be primitive, together with others considered advanced, are

present in many tribes, pointing to a mosaic type of evolution. Although

there is an enormous array of vegetative variations, the family is basically

very uniform, and discussions on phytogeny are necessarily concerned

with minute details.

Economically the family is important as the source ol sunflower oil and

seed, safflower oil, and wormwood; several garden crops, particularly let-

tuce, artichokes, chicory, endive, salsify, etc., as well as some of the most

cherished garden flowers, such as Chrysanthemum, Dahlia, Cosmos, Tag-

etes, and Ageratum. Rubber is found in extractable quantities in guayule

(Parthenium argentatum Gray) and kok-saghyz (Taraxacum kok-saghyz

Rodin). Alkaloids have been reported from many Compositae, but are

of little commercial importance. On the negative side, some of the most

obnoxious garden and field weeds are members of this family.

kc. La phylog erne des Composers. Revue Sci. 89:

Jan. Soc. Bo

Compu.dtar.

. 13:

rv and geographi

335-577. 1873.

on the family.]

PI. 2: 163-533

-al ilisl ribution

[The best and

1873. [First

ary mechanism, particularly in roped to reduction in size of capitula

and pappus.
|

Carlquist, S. On the occurrence of intercellular poetic wans in Compositae.

Am. Jour. Not. 43: 425-429. 1956.

Cassixi. 11. UpiiMiiles phvtolo-ique-. vols. 13. Paris. 1S26-1854.
|

Compila-

tion of the author's work on the family, with excellent detailed descriptions

of morphological variation in lloral characters, and giving the basis for

the tribal divisions largely still in use.]

Cronquist. A. I'hylogeny and taxonomy of the Compositae. Am. Midi. Nat.

53: 478-511. 1955. j
Discussion of the phylogeny of the family, including

reasons why Heliantheae should be eonsidereil as the most primitive tribe.
|

Cuenod, A. Sur la phyllotaxie du eapitule des Composers. Bull. Soc. Bot. Fr.

98: 24-27. 1951.

Dahlgren, K. Y. O. Zur Embryologie der Kompositen mit besonderer Be-

riicksichtmung der Endospermbildunn. Zeitschr. Bot. 12: 481-516. 1920.

. Studien liber die Eiulospermbildung der Kompositen. Sv. Bot.

Tidskr. 18: 177-203. 1924.
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Dormer, K. J. The crystals in the ovaries of certain Compositae. Ann. Bot.

II. 25: 241-254. 1961.

Halsted, B. D. Sensitive stamens in Compositae. Bot. Gaz. 14: 151, 152. 1889.

Hess, R. Vergleichende Untersuchungen uber die Zwillingshaare der Compo-
siten. Bot. Jahrb. 68: 435-496. 1938.

Hildebrand, F. t)ber die Geschlechtsverhaltnisse bei den Compositen. Nova
Acta Leop. Halle 27(monogr. 4): 1-104. 1869. [Detailed study of the

function of the flower of Compositae.]

Hoffmann, 0. Compositae. In: Engler & Prantl, Nat. Pflanzenfam. IV. 5: 87-

387. 1894. [The latest formal arrangement of the genera of the family,

largely still in use.]

Hi chinso I Aquatic Compositae. Gard. Chron. 59: 305. 1916.

Koch, M. F. Studies in the anatomy and morphology of the Composite flower

I. The corolla. Am. Jour. Bot. 17: 938-952. 1930; II. The corollas of the

Heliantheae and Mutisieae. Ibid. 995-1010. [A scholarly work on the

subject.]

Leonhardt, R. Phylogenetisch-systematische Betrachtungen. I. Betrachtung

zur Systematik der Compositen. Osterr. Bot. Zeitschr. 96: 293-324. 1949.

[An attempt to consider the Carclueae as primitive.]

McDougal* W. B., & 0. E. Glasgow. Mycorhizas of the Compositae. Am.
Jour. Bot. 16: 225-228. 1929.

Metcalfe, C. R. & L. Chalk. Anat. Dicot. 2: 782-804. 1950. [A summary of

anatomical information to that date. Also see extensive bibliography in

Napp-Zinn, R. Beitriige zur Anatomie und Morphologie der Involucral und

Spreublatter der Compositen. Botanische Studien 6. Jena. 1956.*

Philipson. W. R. The relationships of the Compositae. Phytomorphologv 3:

391-404. 1953.

Scheeffer-Pomplitz, M. E. Morphologische Untersuchungen iiber den Pappus

der Kompositen. Beitr. Biol. Pfl. 33(1): 127-148. 1956.

Small, J. The origin and development of the Compositae. New Phytol. 16:

157-177, 198-221, 255-276. 1917; 17: 13-40, 69-94, 114-142, 200-230.

1918; 18: 1-35, 65-89, 129-176, 201-234. 1919. [An effort to prove Sene-

cioneae the basic tribe of Compositae on the basis of the "Age and Area"

hypothesis but il o an exte ^< disi i ion of Hi pects of the famih
]

Solbrig, 0. T. Snhfamili.il nomenclature in Compositae. Taxon 12: 229-235.

1963. [A listing ol ill the \alidh publivod i.urain ^ above genus in the

family.]

Stix, E. Pollenmorphologische Untersuchungen an Compositen. Grana Palyn.

2: 39-104. 1960. [Detailed account, of pollen grain types in the family.]

Williams, B. C. Observations on intercellulai r-nnl , m root tips with special

reference to the Compositae. Am. Jour. Bot. 41: 104-106. 1954.

Wodehouse, R. P. Pollen grains, xv+574 pp Mc( i ra Hill Co., New York.

1935. [Resume of the pollen characteristics of the family and some of the

tribes.]

In the following key and treatment of the tribes of Compositae, the

Calenduleae and Arctoteae are included, neither being native nor natural-

ized in the southeastern United States, although Calendula officinalis L.

and Arctotis calendulacea L. are cultivated and may be found occasionally

as waifs or escap I lion. A short account of both tribes is
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presented in order to include all 12 of those generally recognized and to

make the treatment more complete and useful for workers outside the area

of this flora. The tribes are arranged alphabetically, and no phylogenetic

interpretation should be attached to this ordering. Figure references in

the key and text refer to the text figures.

to the Tribes of Compositae in the

Southeastern United States

ased primarily upon flowering material and fruits, with subsidiary vegetative

Flowers of the disc tubular or 2-lipped, never ligulate (subfam. Asteroideae)

.

B. Styles of bisexual flowers thick, very slightly divided at the apex,

abruptly contracted near the middle, and continued to the base as a

narrower column Arctoteae.

B. Styles not contracted near the middle, the undivided part of uniform

C. Anthers conspicuously sagittate at the base (Fig. 3g).

D. Styles with a ring of hairs below the point of bifurcation (Fig.

2 1); plants generally i. spiny i thistly") Cardueae.

D. Styles of the bi e u 1 fl< v i without a ring of hairs below the

point of bifurcation; plants very seldom with spines.

E. Heads with marginal flowers 2, filiform (Fig. 3c)

E. Heads with marginal flowers ligulate (Fig. 3b).

F. Bisexual flowers tubular (Fig. 3a); pappus absent.

Calenduleae.

F. Bisexual flowers 2-lipped; pappus formed b\ hairs.

C. Anthers with a short, auriculate or semisagittate basal appendage

G. Branches of the style linear, acute, covered with hairs some

distance below the point of bifurcation (Fig. 2c) ; heads with

isomorphic flowers (except Stokt.sm). all bisexual, never yellow.

G. Branches of the style short or large, but without hairs below

H. Branches of the style linear, large or clavate. generally

obtuse, covered with very short papillae which begin above

the point of bifurcation I Fig. 2d); heads with isomorphic

flowers, all bisexual, fertile, never of a true yellow color.

EUPATORIKAK.

H. Branches of the style short or large, with well-developed

collecting hairs at the upper part (very seldom without col-

lecting hairs in flowers winch have a sterile g\ noeeimu '
;

heads with isomorphic or dimorphic flowers; bisexual flowers

generally yellow.

I. Pappus of hairs or bristles.
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Fig. 2. Different Upc; oi i\|i • a, !;. Jh lui>it!ni\ '/r-<» ( rj<halus Torr. & Gray,

; 75 & 150 c. ) rrunnta unvrbunico'si:, \ViHd • "U I c hitpatoriam dllbium

Willd., X 50 & 400 I I
1 /,, umbellafus \1ill / ^r tcrocauhut lutduhitum

Mohr X 100; li, i Svucao tomcniosus .MmIh > 75 & ?50
i

i huptuliu iomrn-

tosa Vent., X 100; k, 4c///7/"/ Millefolium I , 100 I ,. - /. w/„h pumilmn
(Nutt.) Spreng., X 50 & 500.
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J. Involucral bracts imbricate, composed of 2 to many
series; branches of style of bisexual flowers lanceo-

late or triangular at apex (Fig. 2f ) Astereae.

J. Involucral bracts in one series, sometimes with ex-

ternal bracteoles; branches of style of bisexual flowers

truncate at the apex with a crown of hairs or a

linear-hairy appendage (Fig. 2h).
,

Senecioneae.

I. Pappus of scales or chaffy bracts or absent.

K. Involucral bracts with dry-scarious or membranaceous

margins; pappus poorly developed or absent

K. Involucral bracts without dry margins; pappus palea-

ceous, well developed or absent Heliantheae.

ill ligul te, the apex of the ligules 5-toothed; plants with latex

U ichor >ideae) • ClCHORIEAE.

ae Cas ini. Jour. Phys. Chim. Hist. Nat. Arts 88: 192. 1819.Anthe

Mostly strong-scented or aromatic herbs, rarely subshrubs or shrubs,

with a woolly, glutinous, or hispid indumentum. Leaves alternate, some or

all finely dissected pin ly parte or pinn itifid, except in a few species.

Bracts of the involucre in several rows, imbricated, commonly dry and
scarious, or at least the inner ones with scarious margins or tips. Re-
ceptacle naked or pubescent or with deciduous chafflike bracts. Florets

white, yellow, or greenish, all bisexual or the outer ones 9 or neuter.

Pappus none or a short scarious cup or crown. Ray florets present or

absent, the ligule .^-toothed at the end or entire. Anthers not tailed, usually

obtuse at the base, and with a terminal appendage. Style branches of disc

florets obtuse or truncate, without appendages (Fig. 2k). Achenes usually

rather small, often annular and truncate at the top, or those of the ray
florets dorsally battened and sometimes winged. Type gents: Anthemis L.

About 50 genera, with 1000 species, with very few exceptions Old World,
chiefly extrat topical, the tribe rather uniform; represented in our area by
eight genera: Achillea L., Anthemis L., Artemisia L., Chrysanthemum l".

Matricaria L.. Santolina L.. Saliva Ruiz & Pavon, Tanacetum L.

The tribe is characterized by the strongly scented and or aromatic,
usually finely dissected, pinnately parted or at least pinnatifid leaves; the

usually dry and scarious phyllaries; and the truncate style branches of

the disc florets which are much more constant in their shape than in the

majority of the tribes of Uompositae. A fairly uniform and not very large

tribe, it is not easily subdivided into well-marked subtribes. The classical

division into subtribes Anthemidinae Ihimort. and Chrysantheminae Less.,

based on the presence or absence of receptacular bracts, is clearly artificial.

Anthemideae are largely insect pollinated, but some, notablv Artemisia,

are wind pollinated. Anemophily in Anthemideae has not been accom-
panied by the same floral morphological specializations as in Ambrosia
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(Heliantheae), although there is a striking resemblance in gross morphol-

ogy between the two genera.

The pollen grains in Anthemideae art' normally tricolpate, with furrows

of medium length and a characteristic coarse granular exine. A great deal

of variation in the number and size of pollen grains exists between the

wind- and insect-pollinated species, the former tending to have smaller,

smoother grains while the hitler have pollen grains with broadly conical,

sharp-pointed spines winch are often rather large in size

Gametic chromosome numbers of n = 8. 9. 10. and 17 have been re-

ported, with the majority of the species and genera having n = 9. Poly-

ploidy, particularly multiples of 9. is widespread. Most genera of Anthe-

mideae studied embryoloLncallv have a normal type of embryo sac. Notable

sporic embryo sacs; Matricaria, with mono- and tetrasporic embryo sacs;

and Anthcmis, with tetrasporic embryo sacs in all the species so far investi-

gated. Species in this last genus can have embryo sacs with 8 to 12 cells.

Apomixis is reported in one sterile species of Artemisia which reproduces

by rhizomes.

Under family references see Hextham. Cronqcist, and Hoi

Clausen, J.. D. D. Keck. & W. Hiesey. Experimental studies ir

species. III. Environmental responses of climatic races

Carnegie Inst. Puhl. 581: 1-129. 1948.

\nihemidii

alternate, usually lobed or divided, sometimes spiny toothed. Tnvolucral

bracts in several >eries. imbricated, sometimes partly scarious, hardening

after flowering, pungent or spiny-toothed. Receptacle usually epaleaceous,

radiate, occasional homogainou diu to loss of the ray florets. Pappus

wanting, or coroniform. or laleaceous. Disc llnrets bisexual or occasionally

partly sterile with a regular. 4 or .vlobed, mostly yellow corolla; ra\

florets » oi .teriU with a Irimei'ou pr< idiiu> ligule entire or toothed,

yellow, reddish, or purple. Anthers with a terminal appendage, and usually
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also with a short, auriculate basal appendage, but with no well-developed

tails. Style branches of the disc florets linear or oblong, usually obtuse and
papillose outside, the papillae extending below the point of bifurcation.

Achenes mostly rather thick, angular or winged, never beaked, glabrous

or more or less hairy or woolly. Typk gknus: Arctotis L.

A very small tribe of about 20 genera and some 200 species, Old World
(chiefly South African) in distribution; possibly represented in our area
by one introduced species.

Characterized by the style with papillae below the point of bifurcation

and the tailless, but often auriculate, anthers, Arctoteae are morphologi-
cally between Anthemideae and Cynareae. Arctotis calcndulacea L., some-
times cultivated as an ornamen il h !> i found as an escape in at least

South Carolina and Florida. It is possible that it may grow in other areas
also, although there is no good evidence that it is established in the South-
eastern States.

Astereae |Cassini, jour. Fhys. Chim. Hist. Nat. Arts 88: 195. 1819.]

Mostly perennial herbs, sometimes annuals, or shrubs [rarely small
trees

| ,
with alternate, entire or toothed, or occasionally divided, leaves,

often somewhat resinous <» luimnn Heads hetero»amous or rarely uni-

sexual. Bracts of the involucre commonly imbricated in several rows.
Receptacle naked. Disc florets (Fig. 3a, e) mostly yellow or white,

pentamerous or rarely tetramerous, perfect in all our genera except
Baccharis. Ray florets (Fig. Mi) present or seldom absent, yellow or more
often bluish, reddish, or white: ligule often showy, trimerous, entire or

toothed. Pappus copious, mostly of setae or bristles, seldom paleaceous, or

absent. Anthers obtuse at base [or rarely sagittate or auriculate], always
with a terminal appendage (Fig. M). Style branches of bisexual flowers
flattened, conspicuously margined by the sliginatic lines, tipped with a

I i mend \Mll coll<< if hairs (Fig. 21).

Achenes small, flat, ribbed or with nervelike margins, rarely beaked. Type

Over 100 genera with about 2000 species, mostly in temperate and
montane regions; represented in our area by I r genera and over 100 species.

Astereae are characterized by the imbricated involucral bracts in two
or more series, the naked receptacle, the tailless anthers, and the append-
ages of the style branches of the hermaphrodite flowers. The tribe has been
subdivided into six subtribes based on such characters as homochromous
vs. heterochromous heads, types of pappus, and unisexual vs. bisexual
heads. At least some of the subtribes. particularly those based on flower

color and type of pappus, are artificial. A specialized tribe, it is morpho-
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logically similar to Senecioneae and Inuleae, although it seems to be

derived from Heliantheae or some protoheliantheaceous ancestor.

Although predominantly perennial herbs and subshrubs, some genera

have truly woody members, notably the South Pacific and Australasian

genus Olearia Moench, which has species of a definite arboreal habit;

Baccharis L., formed largely by woody shrubs; and to a certain extent

several other genera such as Haplopappus Cass., Chrysothamnus Nutt.,

and Gutierrezia Lag. A few species and genera have a pulvinate or semi-

pulvinate habit.

The wood of Astereae shows advanced characteristics, such as the

vessels usually grouped in various specialized patterns and the abundant

vascular tracheids, characteristic components of specialized woods with

extremely narrow vessels. The relatively short vessel-element length in

the tribe as a whole probably corresponds to a more advanced position

within Compositae than Heliantheae or Mutisieae. Another character-

istic of the wood of Astereae is the abundance with which various types

of helical vessel sculpturing, particularly fine and coarse bands, are repre-

sented.

Most Astereae are bisexual, self-incompatible, outbreeding, insect-pol-

],,.[. |

(

1 nit will ln» In < d <><"< harh L i dio< im \ 1
w m-nen

are self-compatible, notably Conyza L.. in which many species are weedy.

The pollen is spheroidal or slightly flattened and provided with char-

acteristic well-developed, uniform, evenly di ributed conical pirn 1'b.ei

is little variation in pollen characteristics throughout the tribe, suggesting

a close relationship of the taxa.

The lowest chromosome number so far known in the plant kingdom is

a member of the Astereae, Haplopappus gracilis (Nut) ) Gray, with n = 2.

Gametic chromosome numbers of two to ten and multiples up to 72 have

been reported. Two- thirds of the species and 60% of the genera so far

counted are on the base of nine, presumed to be the basic number.

A monosporic type of embryo-sac development is found in all the genera

so far studied embryologically, with the exception of Erigeron and Town-

sendia, which have bisporic and tetrasporic embryo sacs. These two genera

are the only ones of the tribe known to have species with an apomictic

type of reproduction.

Under family references see also Bentham, Cronquist, Hoffmann, and

Stix.

Carano, E. Ricerche sull' embriogenesi delle Asteraceae. Ann. Bot. Roma 13:

251-301. 1915.

Carlquist, S. Wood anatomy of Astereae (Compositae). Trop. Woods 113:

Harling, G. Embryological studies in the Compositae. Part III. Astereae. Acta

Horti Berg. 16: 73-120. 1951.

. The embryo-sac development of Vittadinia triloba (Gaud.) DC. Sv.

Bot. Tidskr. 48: 489-496. 1954.
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Y. Chromosomal evolution in [he subtribe Astcrinac. Evolution

8-193. 1959.

: D. Snow. Chrom ne number in

t. 27: 124-132. 1960.

Solbrig, O. T. Leal and nodal anatomv of some Andean Compositae-Astereae.

Jour. Arnold Arb. 42: 2 76 294. 1961.

Wodehouse, R. P. Pollen grains in the identification and classification of plants.

Y. Ilaplopappits and other Astereae. Bull. Torrey Hot. Club 57: 21-46.

1930.

Calenduleae Cassini, Jour. Phys. Chim. Hist. Nat. Arts 88: 161. 1819.

Herbs or small shrubs, much branched or spreading; leaves alternate

or sometimes opposite, entire, lobed or toothed, seldom divided. Heads
heteronymous, the ray llorets in a single row, ? or neuter; disc tlorets

bisexual, i . or sterile. Involucral bracts narrow, herbaceous, with or with-

out scarious margins, in 1 to 8 series. Receptacle naked, or slightly setace-

ous. Pappus always absent. Corollas mostly yellow or orange, all of the

same color; those of the ray llorets trimerous. spreading or reduced; those

of the disc llorets pentamerous and regular. Anthers with a terminal ap-

pendage and with short, pointed or obtuse basal appendages. Styles of

fertile disc llorets with truncate and penicillate tips. Achencs of various

and irregular shapes, often curved and winged, or thick and hard. Type
genus: Calendula L.

About ten genera, chiefly African and Mediterranean; in our area pos-

sibly one introduced species ( Calt inhtla otjuisiaiis P.).

This is the smallest tribe of Compositae. closely allied with Senecioneae
with which it shares the characters of the style. It is differentiated by the

lack of a pappus, by the involucral bracts often in more than one row and
more massive, by the presence of sterile llorets. and by the heteromorphic
achencs. All the characters by which Calenduleae differ from Senecioneae
are considered as advanced characters in the family, and the tribe is most
likely a specialized offshoot from Senecioneae.

Gametic chromosome numbers of ;/ 7, S, o, and 10 have been reported.

Some species are polyploids, and different numbers have been reported

Under family references see Hextiiam and Cronquist.

Cardueae Cassini, Jour. Phvs. Chim. Hist. Nat. Arts 88: 155. 1819
"Carduineae."

Thistles, or thistle-like herbs, with a cottony or woolly, rarely silky or

hispid indumentum. Leaves alternate, sinuate, lobed or divided, rarely

entire, mostly prickly or spiny. Heads mostly large, homogamous, the

florets all perfect; or sometimes heterogamous. the marginal florets then
radiatiform and commonly neuter or ? . Bracts of the involucre imbricated
in several rows, usually prolonged into a spine or bristle, or provided with
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a membranous edge. Receptacle often thick and hard, or fleshy; bristly or

hairy, seldom with true bracts; or naked. Pappus bristly or plumose,

rarely paleaceous or wanting. Corolla of the ray florets, when present,

never with a trimerous ligule; the ligule, if present, either bilabiate or

pentamerous and deeply cleft. Tubular corollas split into long, narrow

1)1), \ntli.i ml, 1< ns. it.d ipi iiui. l, ,n hi tip . Litt it.- u Hi. b »

Style branches short, commonly united up to the obtuse or acute tips,

usuallv with a. pubescent ring below (Fig. 21, m). Achenes usually narrow

or flat, sometimes produced into a narrow beak. (Including Cynareae

Less., nom. illegit.) Type genus: Cardials L.

About 50 genera and 1500 peci basicall rtl i Hemisphere and

Old World, a few genera common in the New World in both North and

South America; represented in our area by the indigenous Cirsium Mill,

and the naturalized Arctium L., Centaurca L.. Cnicus L.. Onopordum L.,

and Silybum Adans.

Cardueae are characteristicalh robusl herbs with spiny or prickly

leaves, stems, and involucres. The anthers arc provided with long tails.

and the style branches are short, with a typical ring of hairs below the

point of bifurcation. The corollas are all tubular or, if ligulate, never

with a trimerous ligule; the receptacle usually is massive. Although par-

ticular genera show exceptions to these hai t< ristl< . no one genus com-

bines all exceptions. The subtribes into which the Cardueae have been

divided are not very well marked and possibly are somewhat artificial.

The tribe is morphologically related to Arctoteae and Mutisieae. but

possibly as a result of parallel or convergent evolution, rather than of a

recent common origin. Cruelly on account of the tubular corollas, Card-

Li « !,, ometin 1) i onsidei la primilivi md even as the ances-

tral tribe within Compositae. The modified and obviously specialized

habit, involucre, style and po ibl) il o anthers and receptacle make this

view rather unlikely.

Gametic chromosome numbers of 8, 9, 10, 11, 12, 13, 15. 17. 19, and

multiples have been reported; n = 17 has been proposed as basic, the

lower numbers bum, interpreted i a red i tion series. The embryo sac

i , (li, ,oi n il m »no p mi < celled t> p il en I > p« nni
'

lh< nu« l< i

type, with a varied number of free cells, or in subtribe Echinopinae it

can be cellular. Apomixb i: suspected in species o! Cardans and Cirsium.

The ovary walls have crystal oi calcium < dilate which seem to be char-

acteristic ol differenl genera and ot taxonomic importam .

Cardueae are ofl u a lap! d l<> di tmlii 1 tnci rudei il conditions, where

they are often ver ue t< thi i md spininess con-

stitute obnoxious weccK. The n ->^b ,nr oi'tculoh v -]\ adapted to wind

dispersal; man has also aided in the process. They are especially harmful

in semicultivated grasslands, and. for example, in the Argentine pampas

man> square mill >1 od i mg u red by S] of ( aiduus, Cir-

sium, and Silybum.

Some species ol arduus nd < nium h 1 how narrow ecological tol-
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2 and organic matter deficiency

Aishima, T. Chromosome number*. in die -enus Cirshtm 1. Hot. Mag. Tokyo
48: 150. 151. 1934.

Ahano, H. The karyotype analysis and its taxonomic considerations in some
genera of suhtrihe Carduinae. Jap. Jour. Cenet. 32: 325-332. 1957.

Moore, R. J., & C. Frankton. Cytotaxonomic -audio, on the tribe Cynareae
(Compositae). Canad. Jour. Hot. 40: 281-293. 1962.

Poddubnaja-Arnoldi. W. Ein Versuch der Anweiulung der embryologischen

Methode bei der Losung einiger systematischer Fragen. 1. Yergleichende

embiyologisch-zytologisehc I ntersin hungen fiber die Oruppe Cvnareae, Fam.
Compositae. Beih. Hot. Centralbl. 48(2): 141-237. 1931.

Cichorieae Dumortier, Anal Fam. PL 30. 1829.

Herbs
|

and low shrubs or, exceptionally, small trees
|
with milky juice

and alternate or radical, entire, toothed or pinnal did. rarely much-divided
leaves. Heads always homogamous. Involucral bracts membranous or

herbaceous, rarely scariotis, imbricated in several rows, or equal in a single

row. Receptacle naked or with chafllike bracts, nearly always flat. Florets

bisexual, the corolla ligulate, the ligule 5-toothed at the truncated apex;
corollas after llowering twisted into a caplike mass which often remains
on the achene or involucre for some time. Pappus usuallv with 1 or more
rows of simple or plumose setae, rarely of paleae. awns, or wanting. An-
thers sagittate or auriculate at base, commonly with thin, rather short

appendages at summit. Style branches slender, semicylindric, narrowed
towards the end or almost obtuse, stigmatic on their inner surface for their

whole length. Achenes often excavated at the base, with a short stipe, and
often with a slender beak at the summit (Lactuceae Cassini, Jour. Phys.
Chim. Hist. Nat. Arts 88: 151. 1819, has priority over Cichorieae and
must be used when sublamilv Cichorioideae is not recognized). Type
genus: Cichorium L.

Seventy-five genera and about 1000 species, essentially Northern Hem-
isphere and Old World, although relatively abundant on the American
continent; represented in our area by some 14 genera.

This, the best-defined tribe in the family, is easily characterized by the

homogamous heads m h ifw < noil.- all c \oanded into a 5-merous, trun-

cate, S-toothed ligule and by the milky juice. Although the tribe is essen-

tially herbaceous, subshrubs, shrubs, and even small rosette-trees are

The wood of Cich a ieae show m im a<h am < d aualomii al i haracteristics.

such as very short storied fibers; large groupings of vessels; and either

very scanty or very abundant vasicenlric parenchyma. Woody Cichorieae

show clear anatomical adaptations to environment, complicating consid-
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erably the elucidation of over-all phylogenetic patterns. The distribution,

as isolated groups in different parts of the world, including oceanic islands,

and the advanced floral morphology of most of the woody Cichorieae point

to a possible secondary origin from herbaceous progenitors, but the pos-

sibility that they are derived from extinct woody ancestors cannot be ruled

Although some generic variation is present, the pollen grains of

Cichorieae are relatively unifoi m rhey are \
lobular; generally tricolpate or

infrequently tetracolpate; echinolophate or occasionally echinate, with

12 to 20 lacunae and high ridges, and prominent sharp, conical spines; and

are characterized i> u 1 lci.it. .uul ><>
, ii Mi t n of sculpturing.

Fifty-three of the 65 genera recognized in the latest treatment of the

tribe are known cytologically. Every number from n = 4 to 10 is known,

with n = 9 being by far the most frequent. Morphological and distribu-

tional evidence also' point to 9 as the original basic number of the tribe.

Polyploidy is known to occur, but is not as frequent as in other tribes.

Flore :ns. a, b, Erigeron annuus (L.) Pers.:

20. c, d, Conyza bonariensis (L.) Cronq.: c,

, oil tvk not visible / ; d, ligulate coroll >< 20 e, \mphiachyris

uhndc^ (1" ) Nutt Lubiil.u llowei 9 stenlt \ htn umhrllafn b

thers, X 25. g, Pterocaulon undulatum Mohr, detail of anthers showi

X 25.
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Apomixis, known in several genera (e.g., Hicracium, Taraxacum,
Crcpis). is either obligate or facultative, the embryo being formed either

as a result of apospory or. more commonly, diplospory followed by par-

thenogenesis. The lack of understanding of this phenomenon in these

genera, particularly in Hicracium, has often led to the description of

apomictic forms as species, resulting it) much taxonomie confusion.

Under family references see Bentham Oku m ,i Hokk.ma ^ ind ih.iikk;

Babcock, E. B., & G. L. Stebbixs, Jr. The American species of Crcpis. Car-
negie Inst. Publ. 504: 1-199. 1938. [Includes an interesting account of

apomixis in [he genus and the tribe.]

Bergman. B. Studies on the embryo sac mother cell and its development in

Hicracium subg. Archicracium . Sv. Hot. Tidskr. 35: 1-42. 1941.

Caklquist. S. Wood anatomy of Cichorieae (CompositaeL Trop. Woods 112:

Univ. Calif. Publ.

Eupatorieae Cassini, Jour. Phys. ("him. Hist. Nat. Arts 88: 202. 1819.

Herbs or shrubs, rarely annuals, with opposite, whorled or alternate,

mostly undivided leaves. Heads always discoid and the florets bisexual and
fertile, very rarely reduced to a single flower. Involucral bracts imbricated,
in several rows, or nearly equal and in about 2 rows. Receptacle flat or
somewhat convex, rarely spherical, almost always naked. Pappus of rigid

setae or rarely plumose, scaly, or absent. Corolla tubular, regular, pen-
tamerous, very rarely tetranierous. purple, reddish, bluish, or white, never
true yellow. Anthers rounded at base, iermmal appendage present or absent.
Style branches semicylindric. elongated, more or less clavate or thickened
upward, obtuse, with the more or less inconspicuous stigmatic lines only
near the base (Fig. 2d, e). Achenes terete, 4- or 5-angled, 10-ribbed. or
flattened. Type genus: Eupatorium L.

A very homogeneous tribe with some 50 genera of almost exclusively
American distribution, in our area represented by 11 genera: Agcratum L.,

Brickcllia Ell., ( a />//, hhorm < ,i ' upato mm L.. Garbcria Gray, Hart-
wrightia Gray ex Watson, Kuhnia L., Liatris Schreb., Mikania Willd.,
Scicrolcpis Cass.. Trilisa Cass, (including Litrisa Small).

Eupatorieae are besl defined by the characters of the style, with its

elongated, terete or somewhat flattened style branches which are obtuse
or club shaped towards the end. minutely papillose but not hairy, with
the stigmatic lines rather obscure on the inner surface and towards the
base. Another diagnostic character is the heads of tubular florets which
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are purple, reddish, bluish, or white, but never true yellow. Generic limits

within the tribe an difficull to define md specific delimitations are also

difficult, especially in some of the large tropical genera, such as Mikania,

Ageratum, or Eupatorium. Subtribe Piqueriinae Benth. & Hook, is char-

acterized by lack of the terminal si air- ipj < :: ' which are almost

universal features in the famib Liatris villi its corms ("bulbs"), alter-

nate leaves, and corollas is also slightly aberrant and approaches the

Vernonieae in some characters.

On account of the tubular corollas, Eupatorieae have sometimes been

considered as the basic tribe in the family. The question of whether a

tubular or radiate head is primitive is not easily resolved, and opinions

vary. It is nevertheless unlikely that this small American tribe is the

ancestral one, although it is likely that it has retained some primitive

characteristics, while acquiring some advanced ones, such as the char-

acters of the involucre and involucral bracts.

Gametic chromosome numbers of 9, 10. 11, 17, 19, and multiples have

been reported for the tribe, with n = 10 apparently being the modal num-

ber. Apomixis is reported in some species of Eupatorium arid suspected in

References:

Under family references see Bentham. CRoxgriST. and Hoffmann.

Gaiser, L. O. Chromosome studies in Kuhniinae (Eupatorieae). I. Brickellia.

Rhodora 55: 253 267, 260-288, 2
< J

7 -321, 528-345. 1953.

. Studies in the Kuhniinae (Eupatorieae). Jour. Arnold Arb. 35: 87-133.

1954.

Robinson, B. L. A key to the -• u.-ra ol the ("mnposi ,, !

upatorif u T,
i<> (

Heliantheae Cassini, Jour. Phys. Chim. Hist. Nat. Arts 88: 189. 1819.

Herbs or shrubs with more or less scabrous or hirsute, rarely silky in-

dumentum. Leaves entire or divided, opposite or alternate. Heads homo-

gamous and discoid; or heterogamous with ? or neutral ray florets and

bi u; I oi di lloi 'h oi uni e u; ! Tin plants then either monoecious

or dioecious Involu ral brad enerall more or less herbaceous, some-

times dry and rigid or membranaceous, biseriate, with a difference between

outer and inner rows, or imbi ,
'

I
• •' ral rows. Receptacle with a

chafflike bract subtending each floret or bristly, hairy, or naked. Ray

florets mostly yellow, with a trimerous ligule, or reduced to a short tube,

or none; disc florets with a regular corolla with 5, rarely 4, lobes; 6

florets in some groups with the corolla none or a mere rudiment. Pappus

of scales, paleae awns oi \ n> \mli i ibm c i i n«u I ,1 .1

with a terminal appendage in all but a few species; in some genera anthers

distinct or scarcely coherent. Style of the bisexual disc florets varying

from truncate to subulate, with or withoul ,
\

\> udagi bul n • a with

appendages below the point of bifurcation (Fig. 2a, b). Achenes thick or
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flattened contrary to the subtending chaffy bract, never parallel with it.

(Including Helenieae Benth. & Hook., Ambrosiaceae Link, and Ambrosieae

Cass.) Type genus: Helianthus L.

A varied group comprising some 200 to 300 genera, essentially American,

and chiefly tropical or subtropical, with a very few endemic Old World
genera and species; the most abundant tribe in our area, where it is repre-

sented by some 45 genera.

Heliantheae are characterized by being usually rather coarse herbs or

subshrubs, with generally a more or less scabrous or hirsute, rarely felty-

tomentose or woolly, indumentum. The leaves are usually entire or

toothed, and at least the lower ones are usually opposite. The heads are

radiate with yellow florets and are often few in number. Also typical of

the tribe is the development and usual persistence of the receptacular

bracts, which, when present, subtend the individual florets. The tailless

anthers and the pappus either formed by a few rigid awns or paleae or

absent are also typical.

As circumscribed here, the Heliantheae is probably the largest tribe in

the family. The tribe is usually divided into ten subtribes unequal in size

and degree of distinction and in the extent to which they form natural

groupings. Helenieae Benth. & Hook., a rather artificial assemblage, the

result of convergent and parallel evolution in the one common technical

character, the loss of receptacular bracts, is considered here as not deserv-

ing tribal status. Most of the genera of Helenieae belong with Helian-

theae; others are better placed elsewhere.

Subtribe Ambrosiinae Less., the familiar ragweeds, has been considered

as a separate tribe, subfamily, and even as a separate family in the past.

A small, strictly American group of some ten genera and 50 species, they

are remarkable for their free but closely approximate anthers, forming
the usual cylinder and sometimes slightly cohering. The heads of Am-
brosiinae are either bisexual or unisexual, the florets always unisexual by
abortion. The corolla of the 9 florets is much reduced or often absent;

in those species with unisexual heads, there is often in each head only one
naked floret surrounded by the involucral bracts, usually four or live such
heads then being aggregated into a secondary head. These extreme reduc-

tions are the result of adaptation t< wind pollination and are accompanied
by corresponding changes in pollen morphology. In addition, the heads
of Ambrosiinae are further specialized for seed dispersal by animals. Par-
ticularly in the genera Xanthium and Franseria the common cockleburs,

the involucre is fused around the single fruit at maturity, and is provided
with sharp spines or hooks, which adhere to the fur of animals.

Heliantheae are often considered as the most primitive tribe of Com-
positae on account of their opposite leaves; lew, large heads; leafy in-

volucres; chaffy receptacles; > iw coi las; carpellate ray florets and
bisexual disc florets; tailless anthers; style branches with no clearly differ-

entiated stigmatic portion; and a chaffy pappus often of five members, all

characters usually considered primitive within Compositae. On the other
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hand the tribe is primarily herbaceous, a presumably derived condition.

As is true for Compositae in general, the Heliantheae are an advanced and

specialized group, the species showing, in general, a remarkable adaptation

to all kinds of ecological and environmental conditions. Consequently,

both primitive and advanced characteristics occur, as a result of a mosaic

type of evolution. No subtribe or genus is truly primitive; all show some

advanced characteristics. Some groups among Heliantheae probably have

the highest concentration of primitive characters in the family; others,

particularly the Ambrosiinae, are highly advanced and specialized. But

more than any particular feature, the array of primitive and advanced

characteristics and the remarkable diversity and variation exhibited by

Heliantheae are indications of a long history.

The secondary xylem of woody species of Heliantheae shows a great

deal of variability in vessel-element length and diameter, in the number of

vessels per group, in the pittings and striations in the vessel wall, etc.

Narrow vessels aggregated in large numbers; the presence of helical stria-

tions in vessels and vascular tracheids; wood rays composed of thm-walled,

unlignified cells; and the presence of vascular tracheids are among the

characters considered as advanced within the tribe. Although some species

of woody Heliantheae seem to have some primitive characteristics, no

definite conclusions as to the position of the tribe within Compositae can

be drawn from wood characters alone. Since the Compositae are a highly

advanced family, no absolute primitive characteristics in the wood can

be expected.

Pollen grains are tricolpate, with the exine moderately to exceedingly

thick, with long, slender, conical spines in the insect-pollinated species,

the spines greatly reduced or absent in the wind-pollinated species.

Gametic chromosome numbers of 4, 6, 7, 8, 9, 10, 11, 12, 13, IS, 17,

19 and multiples have been reported for the tribe. In general, the lower

numbers correspond to the more advanced groups within the tribe; 12

seems to be the most frequent number, but no definite basic number has

been proposed. Apomixis is known in Parthenium, Rudbeckia, and Am-

brosia; diplospory with parthenogenesis appears to be the most prevalent

jsm in the first two genera, although apospory, which occurs in

: apomictic species of Ambrosia, is also known.

Under family references see Bentham, Carlquist, Cronqui

Bianchi, D. E, D. J. Schwemmin, & W. H. Wacner, Jr. P

the common ragweed (Ambrosia artemisifolia) .
Bot. Gaz.

1959.
.

Carlquist, S. The genus Fitchia (Compositae). Univ. Calif.

1-144. 1957.

, Wood anatomy of Heliantheae (Compositae). Trop. W

. Wood anatomy of Helenieae (Compositae). Ibid. Ill
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Studies in the Madiineae: anatomy, cytology, and evolutionary rela-

tionships. Aliso 4: 171-236. 1950. [See also the extensive lis! of references

cited.]

Gelin, O. E. V. Embryologischc und c\ tologische Sludien in Heliantheae-
Uoreopsidinae. Ada Horti Her-. 11: 99-128. 1934.

Raven, P. H., & I). W. Kvhos. Chromosome numbers in Uompositae. II.

Helenieae. Am. Jour. Bot. 48: 842-850. 1961.

Wagner, W. H., Jr. An annotated bibliography of ragweed {Ambrosia). Rev.
Allergy Appl. Immunol. 13: 853-403. 1959.

Weber, W. A. A taxonomie and cytological study of the genus IVyethia, family
Uompositae. with notes on the related genus Balsamorhiza Am Midi Nat
35: 400-452. 1946.

WoDEiiorsE. R. P. Pollen grains in the identification and classification of plants
I. The Ambrosiaceae. Hull. Torrey Hot. Club 55: 181-198. 1928.

Inuleae Cassini, Jour. Phys. Uhim. Hist. Nat. Arts 88: 193. 1819.

Herbs, shrubs
|
or rarely trees

|
mostly with white-woolly or glandular

herbage. Leaves alternate or opposite, entire, or rarely more or less lobed
or dentate. Heads rather small and discoid or ligulate, homogamous or
heterogamous, dioecious in some genera. Involucral bracts imbricated in

several rows, commonly white or scarious, often very hirsute. Receptacle
usually epaleaceous. Ray florets short and slender, filiform or ligulate,

the ligule trimerous and minutely toothed at the apex. Disc florets tub-
ular, with 5 or 4 lobes, usually "light yellow or white. Pappus capillary,

rarely paleaceous, or none. Anthers with an upper appendage and always
tailed at base, the tails free or united in pairs (Fig. 3g). Style branches
of various forms, but mostly obtuse or truncate, with marginal stigmatic
lines on the inner surface, and always devoid of stylar appendages (Fig.

2g). Achenes usually very small, flat, terete, angled, or elongated. Type

A cosmopolitan group, with some 300 genera and 2000 or more species,
abundant in the Old World, especially South Africa and Australia; ten
genera in our area: Anaphalis DC, Auteuuaria (iaertn., Evax Gaertn.,
Facclh Cass.. Fila-o L.. GnaphaVmm L., Inula L„ Pluchea Cass., Ptero-
cauhm Fib, and Sachsia Griseb.

Inuleae are characterized by anthers more or less strongly tailed (caud-
ate) at the base: flattened style branches with marginal stigmatic lines;
mostly capillary pappus; and heads often discoid or when ligulate then
usually homochromous and yellow. A large and cosmopolitan tribe, the
generic limits are often characteristically blurred. Inuleae are superficially
morphologically similar to Astereae from which thev can be easily separated
by the usual appendages to the anthers and by the absence of terminal
appendages on the style branches. The heads are often small and discoid
or are ligulate with short, inconspicuous ligules, while the involucre is

frequently very hairy. Although resembling Astereae. Inuleae are most
likely related to and derived from Heliantheae. the similarities with
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Astereae being the result of parallel evolution, as is often the case in

Compositae.

Anatomical studies of secondary wood show a series of specialized

characteristics. The vessels tend to be rather narrow, with grooves inter-

connecting apertures of a few or many pits adjacent in a helix on the

vessel wall. The libriform fibers are occasionally very short, although

always longer than the vessel elements in any given species. Both uni-

seriate and multiseriate rays are found, but the former appear to be very

scarce. Wood anatomy seems to indicate a relationship with Vernonieae.

but since advanced characteristics are involved, there is always the pos-

sibility of parallelisms.

Several species, particularly those of the New Zealand genus Raoulta,

lIk vegetable beep have a pulvinate typ of growth n Irenic redu

tion in the leaf has taken place in this genus, resulting in minute leaves

with an open tvpe of venation.

Gametic chromosome numbers of 5, 7, 8. 9. 10, 11. and 13 are known

in the tribe. Many genera are based on 5 and 7, but the tribe is not as

well known cytologically as many of the others in the family. The large

genus Antennaria In num ipomi<ii< [-t,- •• n 1. diplospory followed

by parthenogenesis the usual apomictic mechanism. Many Antennaria

species seem to be obligate apomicts.

Under family references sec also Bentham, CroNQUIS t, and Hoffmann.

UVERD, G. Contribution a 1 etude des Composees. IV. Recherches sur la

tribu des Gnaphaliees. Bull. Soc. Hot. Geneve II. 2: 2 08-252. 1910.

lol'ist, S. Wood anatomy of Inuleae (Compositae). A liso 5: 21-37. 1960.

brig. 0. T. Leaf venation and pubescence in the genu s Raoulia (Compo-

sitae). Jour. Arnold Arb. 41: 259-269. 1960.

Mutisieae Cassini, Jour. Phys. Chim. Hist. Nat. Arts 88: 199. 1819.

Herbs [or mostly shrubs or rarely twining or arborescent plants].

Leaves [alternate or] radical, entire [toothed or pinnatifid, very rarely

much divided or prickly]. Heads [homogamous, the florets all bisexual

and the corolla bil. I ijl-
|

l> t. • j n .. 1
:'- n m-ually more or less

radiate, with the corollas being gradually enlarged from the center to the

circumference of the head
[
or the ray florets irregular or 4- or 5-merous

|

.

Involucral bracts usually imbricate in several rows, rarely forming a single

row of equal bracts, with or without small outer ones. Receptacle mostly

naked. Pappus setose, simple [or plumose, or formed of narrow paleae,

very rarely wanting]. Corollas [either regular, or] bilabiate, or expanded

into a ligule, of various colors, but ray and disc corollas always of the

same color. Anthers with long tails at the base, and an elongated upper

appendage. Style branches of perfect flowers not appendaged, usually

short and blunt, without a ring of hairs below the point of bifurcation

(Fig. 2j). Type genus: Mutisia L.f.
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Some 55 genera and over 500 species, mainly South American, but also

North American, African, and Asian; in our area represented only by

Chaptalia nutans (L.) Hemsl and ('. tomentosa Vent.

Mutisieae are characterized by all or some of the corollas being bilabiate,

by the naked receptacle, and by the tailed anthers. There is in the tribe a

great amount of variation and a wide latitude of expression of characters,

including the diagnostic ones cited above. Mutisieae are also quite varied

in habit, including trees up to 20 m. tall; shrubs; subshrubs; rosette trees,

shrubs, and herbs; leaning and climbing vines; and perennial and annual

Some of the Mutisieae studied anatomically show what can be consid-

ered rather primitive characteristics in their secondary xylem. These
include relatively wide vessels which are solitary or in small groupings; no
tendency towards ring porosity in the vessels, which also lack prominent
spiral thickenings; absence of vascular tracheitis; and nonstoried wood.
In other species, some or all of these are replaced by more advanced fea-

tures. Primitive wood characteristics are often correlated with primitive

characters in the floral organs, .suggesting that at least some genera of

Mutisieae are primitive in the family.

The tribe is subdivided into three to five subtribes, which in general

seem to represent natural assemblages, although there is still a consider-

able amount of knowledge needed before a true understanding is reached.

The pollen grain .
il .. I ..,. -j i, ,n deal of \ariability. They vary from

spheroidal to markedly elliptical and may be with or without a thickened
exine, with short or long furrows, and short or long spines. In some in-

stances, characters of the pollen can be of taxonomic importance in the
separation of genera.

Chromosome numbers of n = 18, 23, 24, and 27 have been reported.
These represent a departure from the lower numbers characteristic of
other tribes of the family, but relatively few species have been studied
so far.

Pollination is entomophilous, in general, but some South American spe-

cies of Mutisia are apparent!;, adapted in pollination by hummingbirds.
Chaptalm is suspected of being apomictic.

Carlqimst, S. Wood anatomy of Mutisieae (Compositae). Trop. Woods 1

29-45. 1957.

. Anatomy of Guayana Mutisieae. Mem. N. Y. Bot. Card. 9: 441-4

1957; Part II. Ibid. 10: 157-184. 1958.

Erdtman, G. Pollen morphology and plant taxonomy, xii + 539 pp., frt

\\ ,lth;nn ' 10 >
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Maguire, B. Distribution, endemicity and evolutionary patterns among Com-

positae of the Guayana Highlands of Venezuela. Proc. Am. Philos. Soc.

100: 467-475. 1956.

Wodehouse, R. P. Pollen grains in the identification and classification of plants.

III. The Nassauviinae. Bull. Torrey Bot. Club 56: 123-138. 1929.

. Pollen grains in the identification and classification of plants. IV. The

Mutisieae. Am. Jour. Bot. 16: 297-313. 1929.

Senecioneae Cassini, Jour. Phys. Chim. Hist. Nat. Arts 88: 196. 1819.

Herbs or shrubs, or a few species arborescent. Indumentum soft, cot-

tony and whitish, sometimes glutinous, rarely coarsely hirsute. Leaves

mostly alternate or radical (seldom opposite), entire, variously toothed,

or divided. Heads with bisexual tubular disc florets and 9 or neutral

ligulate ray florets, or the ligulate wanting, the heads then discoid. In-

volucre mostly of a single series of similar herbaceous or membranaceous

bracts, sometimes with an outer calyculate series, rarely imbricated in

several rows. Receptacle nearly always naked. Pappus of numerous fine

bristles, rarely subpaleaceous. Corollas yellow or, less frequently, white

or purple; ray florets with a trimerous, entire or toothed spreading ligule.

Anthers mostly round at the base and with a well-developed apical ap-

pendage. Style branches of bisexual flowers usually flat, the truncate tips

penicillate, and the nearly marginal stigmatic lines not meeting (Fig. 2h,

i). Achenes usually angular or terete and striate, truncate or shortly

contracted at the end, not beaked, occasionally somewhat flattened but

never winged. Type genus: Senecio L.

About 50 genera, \

Senecio L.

Relatively small in number of genera, this tribe is rich in species due

to the genus Senecio, which is not only the largest genus among Compos-

itae, but one of the largest among the seed plants, and certainly the most

widely dispersed. Truly cosmopolitan and ubiquitous, Senecio abounds

in local species in almost every region of the globe, in the Old and the

New World, from the Equator to the Arctic and Subantarctic.

Senecioneae are characterized by their involucre, which generally con-

sists of a single inner row of equal, more or less herbaceous, free or united

phyllaries, with or without an outer row of smaller bracts (often called

a calyculus); by the truncate stylar branches, with or without terminal

appendages; and by the tailless anthers.

Over two-thirds of the genera of Senecioneae have been examined

cytologically, but this figure is somewhat misleading, since the chromo-

some numbers of only a relatively small number of species of Senecio are

known. Gametic chromosome numbers of 5, 7, 9, 10, 11, and euploid and

aneuploid multiples of these are known. It has been proposed that the

base number for the tribe is 10, which also seems to be the most frequent

number, with a reduction series accounting for the lower numbers and
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polyploidy for the higher ones. The chromosomes in Senecioneae are often

small and difficult to count, and a fair number of reports are only tentative.

In general, Senecioneae have a monosporic, normal type of embryo-sac

development. Some species, especially of Arnica, are apomictic, and spe-

cies in some other genera are also suspect.

Th t I Ul\ livided into snbtnbes Liabinae Less., Othonninae

Less., and Senecioniuae ha "1
;

>i im u il . mi charuct< i u< s of the involucres

and the phyllaries. Generic limits are very much confused and have been

the subject of much controversy. Particularly difficult is the delimitation

of Senecio. vegetatively one of the most, polymorphic genera of angio-

sperms, but relatively constant in its floral characters. The delimitation of

species in Senecio is based largely on vegetative characters.

Senecioneae have been proposed by Small as the most primitive tribe

of Compositae, largely on the basis of Willis' "Age and Area" hypothesis,

although a detailed analysis of the morphology of the tribe was supposed

to corroborate the primitiveness of the tribe. However, this is most likely

an advanced and specialized tribe (as evidenced by the involucre, the

receptacle, and the pappus) derived from helianthoid ancestors. Mor-

phological similarities between Senecioneae and tribes other than Helian-

theae are also present, particularly Eupatorieae.

Under family references see Br..\ in am. Ckmmh isr. Hoffmann, and Small.

Afzelius, K. Embryologische und zytologische Studien in Senecio und verwand-

ten Gattungen. 'Acta Horti Berg. 8: 123-219. 1924.

. On chromosome numbers in Senecio and some allied genra. Ibid. 15:

65-77. 1949.

Battaglia, E. Ricerche embriologiche nel genere Arnica (CompositaeL At ti

Soc. Tosc. Sci. Nat. 59(B): 210-216. 1952.

Ornduff, R., P. H. Raven, D. W. Kyhos, & R. Kruckeberc. Chromosome
numbers in Coinpositae. III. Senecioneae. Am. Jour. But. 50: 131-139.

Bull Tonr\ Bot. flub '

Vernonieae Cassini, Jour. Phys. ( nim. Hist. Nat. Arts 88: 203. 1819.

Perennial herbs or shrubs, rarely small trees, or very rarely annuals.

with alternate, occasionally opposite leaves. Heads homogamous (except

Stokesia), with all the florets bisexual (or rarely slightly unisexual, some-

times reduced to a single iloret). Involucral bracts many, imbricated in

several rows (except in a very few and anomalous genera reduced to 2

equal rows or to a small definite number). Pappus usually setose and
copious, the setae in some genera flattened into paleae and in a very few

others much reduced or lacking. Corollas tubular (and ligulate in Stoke-

sia), reddish purple to white, seldom blue, never yellow; anthers with

a terminal appendage; basal appendage of the anthers auriculate [or very

short tailed] or absent. Style branches slender, acute, or scarcely obtuse,
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uniformly and shortly hirsute, the stigmatic papillae on the inner surface

towards the base and not very conspicuous (Fig. 2c). Achenes usually

terete or slightly flattened, usually 1 -ribbed (sometimes 4- or S-ribbed).

Typk genus: Vernonia Schreb.

One large genus, Vernonia. with nearly 1000 species, and some 50 small,

1, .I-, related 'vnera largeh pantropica! particularly abundant in South

America, but also frequent in North America and Africa: only three genera

in our area: Elcphantopus L.. Sfokcsia L'Hcr., and Vernonia Schreb.

Vernonieae are hai i I by th uniformlj homogamous heads with

bisexual florets which are never yellow. They are usually perennial herbs,

with alternate, entire or toothed leaves.

The tribe is not as well known cytologically as others in the family.

Gametic chromosome numbers of 9, 10, 11, and 16 have been reported.

The pollen grains ol ei nonii i hovi i gn n deal of variation. In general,

they are spheroidal in shape, with an elaborate system of ridges or crests

inclosing depressii n » . tna< The size, shape, and number of the

ridges and lacunae are varied, but there does not seem to be any adaptive

value to these modifications.

The Vernonieae appear to be allied to the Cardueae. They are also

related to the Mutisieae through the anomalous genus Stokesia, which

has the anthers, styles, and pollen of Vernonieae, but the outer florets

ligulate and rather deeply 5-lobed as in Mutisieae. Anatomical characters

tend also to link Vernonieae somewhat with Mutisieae (q.v.), as do paly-

nological characteristics. Since Mutisieae and Cardueae are apparently

closely related, this relationship of Vernonieae with both tribes is not

Cabrera. A. L \.m)pilm m^mma < Compodut

1944.

Gleason, H A Evolution and ideographical di tribi

in North America. Am. Jour. Bot. 10: 187-202.

Wodehouse, R. P. The phylogenetic value of pollen
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THE GENERA OF SAPINDALES IN THE SOUTHEASTERN
UNITED STATES *

Recent reseach in the fields of floral morphology and anatomy, em-

i
• •

j
i mill':'. ..,.[ i. •:-., in.jiiiii'. . In. t In in! i ry, etc., has made

possible more accurate determination of the systematic positions of many
families and their arrangemenl into more natural affinity-groups or orders

than was attainable at the time when the classical Englerian system was

proposed. Since orders usually form the skeleton of every proposed scheme

for a "natural system" n\ the angiosperms. the achievement of the greatest

possible homogeneity seems to be of primary importance. With regard to

this, the splitting of at least some very large and heterogeneous orders of

the Englerian system (e.g., Geraniales, Sapindales), followed in some

instances by rearrangement of the tannin imon- m<l 01 wiibi>i h<

segregated orders, appears to be expedient. Such changes have been carried

out more or less successfully in several recent systems (e.g., Hutchinson,

1926 & 1959; Gundersen, 1950; Cronqnist. 1057: Takhtajan, 1959).

Although the sequence of a number of families of the southeastern United

States which have been surveyed by the author in the Journal of the Arnold

Arboretum (vols. 43 & 44, 1962 & 1963) generally corresponds with that

of Engler's system (1936), Takhtajan has been followed primarily in the

delimitation of the orders. Thus, the families Rutaceae, Simaroubaceae,

Burseraceae, and Anacardiaceae (as well as Meliaceae, unpublished) are

regarded as members of the order Rutales; the families Sapindaceae, Acer-

aceae, and Hippocastanaceae (as well as several others occurring beyond

he Arnold Arboretum and the Gray Herbarium of Harvard University made possible

hrough the support of George R. Cooley and the National Science Foundation and
nder the direction of Carroll E. Wood, Jr., and Reed C. Rollins. This treatment fol-

)ws the pattern established in the first paper in the series (Jour. Arnold Arb. 39:

96-346. 1958) and continued through those in volumes 10-1 I ( 1')59-1963). The area

overcd is bounded by and includes North Carolina, Tennessee, Arkansas, and

Louisiana. The descriptions are based primarily on the plants of this area, with any-

supplementary malm I in .1 ReliTem .inch the author has not seen are

suggestions; to James W. Hardin, for his kiixlncv hi leadm*'. ilu- manuscript of Hip-

Thomas, respectively, for fresh or preserved materials o! Sapindus and Dodonaea

helpinthepreparat110.11 In. huhum 1 ipl ilu Jin lutnm <n .' in/An/ was drawn by
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the order Sapindales; and Aquifoliaceae, Celastra-

ceae, and Hippocrateaceae represent the order Celastrales. The families

Empetraceae (Wood & Channell, Jour. Arnold Arb. 40: 162-164. 1959)

and Cyrillaceae (Thomas, ibid. 42 : 96-102. 1961 ) have been removed from

Sapindales and are regarded as members of Ericales, views which accord

with those of Takhtajan. Contrary to Takhtajan's view on Staphyle-

aceae as a primitive member of Sapindales, this family is here excluded

from Sapindales and will be treated within Cunoniales (or Saxifragales

sensu lato), where it seems to belong (cf. C. G. G. J. van Steenis, Fl.

Males. I. 6: 49. 1960).

Cronquist, A. Outline of a new > t.-m <>t i unities and orders of dicotyledon

Bull. Jard. Bot. Bruxelles 27: 13-40. 1957.

Engler, A., & L. Diels. Syllabu d< i Prk nzi nfamilien. ed. 11. xliii + 419 p;

Berlin. 1936.

Gundersen, A. Families of dicotyledons, xviii ! 23 7 pp. Waltham, Mass. 195'

Hutchinson, J. The families <>i ilouetmy phnts. vol. 1. Dicotyledons, xiv -

328 pp. London. 1926; ed. 2 xv + 510 pp. Oxford. 1959.

Takhtajan. A. Die Evolution der Angiospermen. viii + 344 pp. Jena. 1959.

SAPINDACEAE A. L. de Jussieu, Gen. PI. 246. 1789, "Sapindi," nom. cons.

Trees, shrubs, or woody (rarely herbaceous) vines climbing by axillary

tendrils [or very rarely erect herbs], often containing saponine in the

tissues of the stem and/or fruit. Leaves usually alternate, compound to

decompound, often even-pinnate, rarely simple, exstipulate or rarely

stipulate, persistent or deciduous. Plants (polygamo-) monoecious or

dioecious; flowers in terminal and/or axillary thyrses [or simple or com-

pound racemes, or rarely solitary], small hypogynous, regular or more

rarely irregular, usually unisexual by abortion, occasionally also bisexual.

Sepals usually 4 or 5, distinct or ± connate, usually unequal, deciduous or

persistent, imbricate [or valvate]. Petals usually 4 or 5, distinct, clawed,

often with petaloid appendages ("scales") on the interior surface just

above the claw, imbricate, rarely wanting. Nectariferous disc extrastaminal

(except in Dodonaea), continuous and regular or unilateral and oblique.

Stamens 6-10 [-12], often 7 or 8, distinct or connate at base, inserted

within or on the disc, short and sterile or wanting in 9 flowers; anthers

versatile, introrse (extrorse only in Melkoccus), longitudinally dehiscent.

Gynoecium syncarpous, usually 3- rarely 2- or 4 [-6 1 -carpellate, rudi-

mentary in $ flowers; stigma simple or lobed, or stigmas 3; style short or

elongate, sometimes =h cleft at apex; ovary superior, 2—4 1
—6

]

(usually

3)-locular, the placentae axile; ovules usually 1 or 2 in each locule, campy

-

lotropous to anatropous, apotropous or more rarely epitropous. Fruit a

drupe, berry, capsi u mi winged), or schizocarp splitting at matur-

ity into drupelike [nutlike or samaroid] mericarps, often 1-locular and

1-seeded by abortion. Seed usually solitary in a locule, often provided with
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an aril; - seed coat bony, crustaceou.s, or coriaceous (rarely fleshy): endo-

sperm usually wanting or scanty; embryo usually curved. (Including

Dodonaeaceae Link.) Type gknus: Sapindus L.

A pantropical family of nearly ISO genera with about 2000 species, a

few extending into warm-temperate areas. The number of genera occur-

ring in America, Asia, and Africa (including Madagascar) is almost equal

(with fewer in Australia with Oceania), but the greatest number of species

is New World. The large genus AUophylus L. is pantropical; the primarily

American Cardiospermum and the almost exclusively Australian Dodonaea

have two and one species, respectively, of pantropical distribution. A few

genera are extratropical (e.g.. the Asiatic Koclrcutcria Laxm. and XaniJw-

ccras Lunge), while some largely tropical genera have extratropical species

(e.g.. Sapindus). The family has been subdivided by Radlkofer into 14

very natural tribes.

One of the peculiarities of the flowers of the family is the frequent

presence of variously shaped, more or less petaloid. interior "appendages''

to the petals. According to Leinfellner. the diversity of appendaged and

unappendaged petals of Sapindaceae is a result of phylogenetically fixed

lateral and/or median-ventral splittings of originally peltate-funnelform

petals, sometimes also followed by various secondary connations or even-

tual suppression in development of the separated (split-off) parts.

Chromosome numbers known at present (23 species in 17 genera) form

an aneuploid series, 2n = 20, 22, 24, 28, 30, 32.

Sapindaceae are most closely related to Hippocastanaceae and Acer-

aceae. but are also allied to Anacardiaceae. Burseraceae, Meliaceae, Sim-

aroubaceae, and Rulaceae. Fvidence from wood anatomy (Heimsch) sup-

ports this scheme of relationships suggested by Radlkofer (1890, 1895,

1932-1934).

Indigenous to French Guiana, Talisia pcdicrllaris Radlk., which differs

from Mclicoccus (q.v.) mainly in the 5-merous perianth, introrse stamens,

and septate ovary, was included in the flora of the Southeastern States by

Small. This record was based on a poor herbarium specimen (ny) collected

by Harshberger in Hrickell Hammock, Miami, Florida, in December. 1910.

Apparently neither Small nor Sargent, both of whom seem to have been

much interested in Harshberger 's discovery, ever relocated this species.

Because Bricked Hammock since has been destroyed by the growth of

"Van dcr Pijl (p. 620) proposed the following definitions of the aril and aril-like

viz. as a s xundary, usuall post floral

the seed. This

o the phylogene u tl ouon
illo.le' KM

v kind of

the apparent^ independei t aril." Sin

>f Sapinda ear uith arillan seeds have
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metropolitan Miami, there seems to be no reason for the inclusion of

Talisia in the flora of the southeastern United States at present.

The eastern Asiatic Koelrcufcria pankulata Laxm., In = 22, 30(?),

and Xanthoceras sorbijolium Bunge are often grown as hardy ornamentals;

the former is beginning to spread from cultivation in at least the north-

eastern United States (Fernald, Gray's Man. Bot. ed. 8. 990. 1950). The

less hard) K. form i H ; 2n 22, is grown in the warmer areas

ot the oiith.Mii Cni ecS States Lychee, Litchi chincnsis -cm In 2S,

30, a native of southeastern Asia, where it has also been in cultivation for

over 2000 years, is now widely grown in tropical countries for its edible

fruit pulp "(seed aril) ind seed* (edible when roasted). It is being cul-

tivated commercially in Florida. The closely related Euphoria Longana

Lam., longan, 2m = 30, a native of India or southern China, widely planted

in the Tropics (especially in Asia), is grown as an ornamental fruit tree

(edible seed arils) in southern Florida, as well as in southern California.

The caffeine-bearing seeds of the South American Paullinia Cupana HBK.
find application in medicine (guarana, pasta guarana, guarana bread).
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Key to the Genera of Sapindaceae

General characters trees shrubs o vines leaves alternate, usually com-
pound or decompound, very rarely simph mostty exstipulate; flowers small,

regidar or more rarely irregular, liypogynou: usually unisexual by abortion;

perianth usually doublt 1 01 S-merous petals clawed, often with interior

appendages above the claw, rarelv absent, nectariferous disc usually extra-

staminal; stamens o\i »/ (>-S t< ,11 t > > 1 filiate, syncarpous

;

ovary superior; ovules 1 or 2 in each /<./«/ , / ',- ,<• anatropous, usually

apotropous ; fruit \ various often 1-li,(i,hu a. id 1 , < ,/c/ by <;/ ."/<-»

A. Plants herbaceous or suff rut ii o climbing b\ axillary tendrils; leaves usually

biternate, minutely stipulate ilm-n uregi < n ih iteral, 2-glandular;

fruits subglobular to top-shaped bladdery capsules, 1.5-4.5 cm. long

1. Cardiospermum.

A. Plants woody, trees or shrubs; leaves never bitcrnate. exstipulate; flowers

regular; disc continuous; fruits various, never bladdery capsules.

B. Leaves simple, covered with minute rcsiniferous glands, often viscous,

appearing vain Ih-i
;
p.uh -'.'1,11,1-; <], <• intrastaminal, minute; fruit

a (2)3 (4) -winged capsule 5. Dodonaea.

B. Leaves compound; petals always present; disc extrastaminal ; fruits not

winged.

C. Leaves 3-foliolate h llets nil! up to 6 cm mi » by 2 5 cm. broad;

fruit an ovoid or ellipsoidal black drupe, b (
J mm. long. . 6. Hypelate.

C. Leaves usually even-pinnate; leaflets medium sized to rather large;

D. Leaves with 6-18 entire or toothed leaflets; petals mostly ap-

pendaged.

E. Leaflets entire, opposite or alternate, often conspicuously in-

equilateral, acute or acuminate at apex (if obtuse or rounded
Ihi i ichi m ed ) mil ot 1 or 2 (3) brown to black, drupe-

like, subglobular m. m irp - ilb rudum u 1 1 <»l aborted

carpel ('s) at base, 1.2-2 cm. in diameter; seed not arillate.

2. Sapindus.

J Leaflets toothed 01 it least repaml. alternate, t- equilateral,

obtuse or rounded at apex; fruit a triangular-top fhaped

stipilate capsule. 10 1 :• mm. long ami broad; seed with cup

shaped aril 4. Cupania.

D. Leaves usually with I (2-0) entire, opposite or subopposite leaf-

lets; petals unappendaged.

F. Flowers in slendei imple or paniel d racenu terminating

lateral branches; leave.-, usually Moliolate. leaflets acute at

apex; berry ellipsoidal or obovoid. about 3 em. long and 2

1 m br< d gi en I 11 p n rp hit k ind inn ed ell > oid i|

seed coat fleshy, edible. 3. Melicoccus.

F. Flowers in axillae ubttniunil loixmbbbi tli\i es leaves

2- or 4 (rarely 6 )-foliolate, leaflets obtuse !i to rounded or

notched at apex: beny usually subglobular. 10- 14 mm in

diameter, dark purple, the pericarp thin, seed subglobular;

^'«-d coat erustaceuus. 7. Exolhea.
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1. Cardiospermum Linnaeus. Sp. PI. 1: 366. 1753; Gen. PI. ed. 5. 171.

1754.

Herbaceous or suffruticose vines climbing by axillary tendrils; nodes

trilacunar. Leaves bilemate. sometimes also 3- foliolale with 3-lobed leaflets,

or subbipinnate, petioled, minutely stipulate; leaflets usually coarsely

toothed. Plants (polygamo-) monoecious or dioecious; flowers in axillary,

corymb-like, reduced thyrses bearing two opposite tendrils below the

summit of the peduncle, small irregular, unisexual by abortion, sometimes

also bisexual. Sepals 4 |5|, the two exterioi nearl is long

interior, imbricate. Petals 4. short clawed, appendaged, the petaloid scales

of the two upper petals equilateral, eucullate crested, bearing below the

apex a tongue-like "appendage" pointing downward, those of the two

lower petals inequilateral, with a dorsal, winglike crest. Disc unilateral,

with a gland opposite each of the two upper petals. Stamens 8, of unequal

length, deflexed. shorter and sterile in V llowers; filaments slightly con-

nate at base; pollen medium sized, 3-colpate. heteropolar (one polar area

bulging, the other ± flat or slightly concave), triangular in polar view,

reticulate. Gynoecium 3-carpellate, rudimentary in S flowers; stigmas 3,

filiform, spreading; style short; ovary 3-locular, the placentae axile; ovules

solitary in each locule, anatropous, apotropous, ascendent, 2-integumented,

with a' thick nucellus. Fruit a membranaceous or subcliartaceous bladdery

capsule, subglobular, obovoid or top shaped. 3 angled and slightly 3-lobed,

septifragal [or septicidal|. Seeds subglobular. black, with an inconspic-

uous aril (arillode. "pseudoaril" ) leaving a whitish, rmiform to semicircu-

lar abscission scar ("hilum." "pseudohilum") in the micropylar area; testa

thick-crustaceous; endosperm very scanty or wanting(?); embryo curved;

cotyledons fleshy, unequal (the shorter, exterior one incurved, the longer,

interior transversely biplicate); radicle short. Type species: C. Ilalicaca-

bum L. (Name from Greek, cardia. heart, and spcrma, seed, in allusion

to the heart-shaped abscission scar on the seeds of the type species.) —
Balloon-vine, heart-seed, heart-pea.

A largely tropical American genus of 12 species; Cardiospcrmum grandi-

florum Sw. also occurs in tropical West Africa (introduced?), and two

species of pantropical distribution extend into our area. Cardiospermum

Halicacabum var. Halicacabum, In = 22, usually an annual vine with

biternate leaves and seeds with a heart-shaped to rniilnrm hilum," occurs

sporadically in waste places, moist thickets, and cultivated grounds in our

area and west to Texas and Oklahoma, north to Missouri, Ohio, Illinois.

Pennsylvania, and New Jersey. It is considered to be an introduced and

naturalized species. The perhaps indigenous var. mkrocarpum (HBK.)

Blume, sometimes regarded as a distinct species, C. mkrocarpum HBK.,

differing in its somewhat smaller leaves and leaflets and smaller fruits

more or less truncate at the apex, has been collected in the hammocks.
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pinelands, and swamp o th< Florida ; id eninsular Florida as far

north as Lake County. The loseh related ( < omulurn L. {•:', krvrnsi

Small) i iifl'nitu » • nne \ it.h u nails bit i ia1 rarely subbipinnate

leaves, and seeds with a semicircular "hiliim."' occurs in hammocks on the

Florida Keys, where it apparently is indigenous. Some authors include this

species in C. Halicacabum.

Our knowledge o) h <> nu 1 i svhoh in u < <l to biology, floral anat-

omy, embryology, . nd cytology is almost exclusively based on studies on
C'lrdiosprrniimi HaHcacabum. The tendrils below the summit of the

peduncle are regarded as modified lowermost lateral blanches of the in-

florescence. Since the flowers usualh are unisexual and the occasional

bisexual ones ar-> pntlrraiidroiis (Nail •:, Jo--t pli
) n o-.s -pollination should

l)i' tin rule if Cardiospvnjunii i dioedou a ha been i urned I xenily,

however, Hauman Cuiel i/id lb m momuiiai It In m h »l

servations made on herbarium material agree with (lauman's view, at

least in regard to ('. Corindum and C. ^rundiflonnn , further field observa-

tions are necessary. It is possible that both mono- and dioecism occur

within the genus and even within the species. The conditions of pollina-

tion and fertilization in monoecious plant ho ild d o be investigated.

Insect-pollinators 1 u \« not he. i sp< ilied be< probably take part in

pollination, since "Balloon vine is reported as the source of considerable

honey in Texas" (Pellett). The placentation of the ovaries is axile in the

>\iik iiin i mi ItljD li hniiiM imu i i pun tal condition has

been indicated (Xair & Joseph). There is no positive knowledge in regard

to the fruit-dispersing agents. Although Radlkofer USO.S. p. 295) and
Faiglei (p hn)as umed winds to In responsible for the transportation of

< ip id loi luii- rli 1
nif (uipp) (l ( )()o) believed that irranivorous birds

'•probably carry about the seeds ol « ardiosj , <>< ,1 „ ,

Fossil leaves ( rests nblimr those of Cardiosprnmun Halicacabum, but

coriaceous) from two Oligocene localities in Colorado have been referred

by MacGinitie (pp. 143, 144) to this genus.

The genus is most closely related to the tropical American Urvillca

HBK., which extends into Texas with at least two species. Relationships

with Scrjania Schuni. and I'aiillinia L. are also unquestionable.

'Idle enmmon \, i i< ( >i 'iosp nu, 1, /,' 'mm (as well as

C. Corindum and C. ^vandijlorum in the Tropics) is often cultivated as

an ornamental. Roots, stems, and leaves of this species, as well as of

C. Corindum. find varum ipplication in local medicin in rnpical emii

tries. The leaves and young stems of ('. HaHcacabum are eaten in the Fast

(pp. 284-287), Lub-
R ITjl (pp. 620-636J

,
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Kadry, A. E. R. Embryology of Cardu penman I

I

Tidskr. 40: 11-126. 1946.

. Fruit development in Cardiospi i ,m ,/ !,h<, •<• I "iiti pt u I

reference to the lacunae spaces. //>/(/. 44: 441-445. 1950.

Chromosome behaviour m Cat diospennum Halicacabum L. Ibid. 45:

414-416. 1951. \2n - 22.]

. The seed of Cardiospermum Ilalnacubum I and criticism. Acta Bot.

Neerl. 9: 330-332. 1960. [Includes CO

Nair. N. C, & T. Joseph. Morphology

Halicacabum Linn. Jour. Indian Hot. Sue. .«: 176 194. 1960.

Pellegrini, 0. I primi stadi dello sviluppo embrionale in Cardiospermum

hirsutum Willd. ( Sapindaceae). (In Italian; English summary.) Delpinoa

7: 1-20. pis. 1. 2. 1954. \C. grandiflorum var. hirsutum (Willd.) Radlk.]

. Le leggi dello sviluppo embrionale in Cardiospermum hirsutum Willd.

(Sapindaceae). (In Italian: English summary.) Ibid. 8: 101-108. pi. 1.

1955. \C. grandiflorum var. hirsutum.]

Pellett, F. C. American honey plants. 297 pp. front. Hamilton. 111. 1920.

[
Cardiospermum, 28.

J

2. Sapindus Linnaeus, Sp. PI. 1: 367. 1753; Gen. PI. ed. 5. 171. 1754.

Evergreen or deciduous trees or shrubs. Leaves even-, rarely odd-pin-

nate, | very rarely simple]
(
petiolate, exstipulate; leaflets (4) 6-18, entire;

rachis winged or wingless. Plants monoecious or dioecious; flowers in

ample terminal thyrses with minute deciduous bracts and bractlets, regular,

small, unisexual by abortion. Sepals 4 or 5, unequal, the two outer smaller

than the inner, connate at base, imbricate, deciduous. Petals 4 or 5, equal,

longer than the sepals, unguiculate, with a single bifid scale or 2 scales

above the claw on the interior surface, or without scales, imbricate. Nec-

tariferous disc annular, fleshy, lobulate. Stamens 8 (-10), inserted within

the disc, exserted in the £ ,
short and with rudimentary anthers in $

flowers. Gynoecium 2-4 (usually 3)-carpellate, rudimentary in £ flowers;

stigma small. 3-lobed; si vie short, columnar, 2-4 (usually 3)-sulcate;

ovary sessile, 2-4 (usually 3)-locular and -lobed; ovules solitary in each

locule, ascendent, eampylotropous, apotropous. 2
- integumented, with a

thick nucellus. Fruit a schizocarp of 3 mericarps (or more commonly of 1

or 2, with rudiments of the aborted locules); mericarps drupelike, yellow

to black, subglobular or obovoid, 1-locular, 1 -seeded; the flesh resinous,

rich in saponine, crustaceous v hen dried :n I >carp pergamentaceous, silky-

hairy inside around the seed insertion. Seed -lobular or obovoid, exarillate;

seed coat bony, smooth Mat ! oi dark brown; endosperm wanting; embryo

curved; cotyledons fleshy, superposed, the dorsal cotyledon incurved, al-

most inclosing the transversely conduplicate ventral cotyledon; radicle

short, inferior, directed toward the hilum. Type species: S. Saponaria L.

(Name a contraction of Latin, sapo. soap, and indicus, Indian, i.e., Indian

soap, referring to the saponaceous properties and use of the fruits in the

West Indies for washing linen.) —Soapberry.
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A primarily tropical genus of about 13 species distributed in the Ameri-

cas (three species), eastern and southeastern Asia (six), Oceania exclusive

of Australia (three), and Hawaii (one). At least two species are extra-

tropical. All three American species (included with a few Asiatic and
Oceanic ones in sect. Sapindus [§ Eusapindus Radlk.] ) occur in our area.

The primarily tropical American Sapindus Saponaria, southern soapberry,

a tree with winged leaf rachises (unwinged in f. inaequalis (DC.)

Radlk.) and unappendaged petals, ranging from northern Argentina to

Peru, north to Mexico and the West Indies, is known from hammocks in

southern peninsular Florida (Dade, Monroe, and Collier counties) and on
the Keys. It is also considered to be indigenous and represented by a

distinct form, f. microcarpus Radlk., in the Philippines and some southern

Pacific islands .( including New Guinea), as well as (f. inaequalis) on the

Mascarene and Hawaiian Islands, but is introduced and naturalized in

some parts of Africa. The extratropical S. marginatus Willd., Florida soap-

berry, with narrowly margined or marginless leaf rachises and with ap-

pendaged petals, a rare and possibly rather primitive species, occurs on

the Coastal Plain from central Florida (Manatee County) to eastern

Georgia (Liberty and Chatham counties). It has been recorded from

Cuba, but the records are apparently referable to 5. Saponaria i. inaequalis,

which resembles 5. marginatus in the wingless rachises and usually falcate

leaflets but lacks appendages on the petals. Since no authentic records

indicating an overlap of the ranges of S. Saponaria and 5. marginatus at

the present time have been available, the intergradation between the two

species "along their boundary in Florida," presumed by LaMotte (1935,

p. 35), appears to be questionable. The also extratropical S. Drummondii
Hook. & Arn. (S. Saponaria var. Drummondii (Hook. & Arn.) Benson),

western soapberry, very closely related to and perhaps only a variant of

S. marginatus, ranges from western Louisiana and central Arkansas north

to southwestern Missouri, west to Kansas, southern Colorado, western and
southern New Mexico, and Arizona, and from Texas to northern Mexico.

It appears to intergrade with S. Saponaria in Baja California, where the

ranges of both species overlap (LaMotte, p. 35).

Little is known about the floral biology of the genus. The flowers

usually are unisexual, and the plants have been characterized as (poly-

gamo-) dioecious, although Hauman considers Sapindus Saponaria to be

monoecious. At least some herbarium specimens of S. marginatus and S.

Drummondii show monoecism. Possibly both di- and monoecism may
occur within a species.

Fruit dispersal by frugivorous bats has been observed in Trinidad, as

well as in Java (Van der Fiji, 1957, p. 632). In addition, "the indications

of West Indian beach-drift and the stranding of the seeds in a germinable

condition on the shores of Bermuda point unmistakably to the agency of

the current ... the buoyancy [of seeds] arising from the fact that the

kernel [embryo] incompletely fills the seed-cavity. When, however, the

cavity is entirely occupied, the seed sinks" (Guppy, 1917).

"The genus seems to have first appeared in late Lower Cretaceous time
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in western America as Sapindopsis ma^iiiolia Fontaine of the Fuson of

Crook County, Wyoming, and S. variabilis Fontaine from the same beds.

These forms, as figured may represent a lutsapindits-Wke ancestor to the

genus" (LaMotte, 1935, p. 36). Several more definitely outlined species

of Sapindits are known in western North America from the Paleocene,

Eocene, and Miocene. The Eo< ene specie- woe. in general, large leaved

like the living S. Saponaria and 5. Mukorossii Gaertn. (a native of Japan

and southeastern China). Sapindits ore^oniamts Knowlton, known from

the Miocene of Nevada, Oregon, and Idaho, seems to have been especially

close to 5. Mukorossii, which, in turn, is considered by LaMotte to be the

most primitive living species of sect. Saptndus.

The genus is closely related to the African Drinbollia Schum. & Thonn.,

which reportedly dift'ers from Sapindits mainly in fruits devoid of saponine.

The flesh of fruits of Sapindits Saponaria and other species rich in sapo-

nine has been used as a substitute for soap in tropical countries. Bony

seeds of several species are strung for necklaces and bracelets.

See also un

David (pp. 6

Hoi.dex (pp.

Radi.kofkk (

West & Arxc

ler family references Br

)8, 699), Guppy (1917

895, p. 315; 1932. pp. 6

i.d (p. 135); under Ace

pp.

916, pp. 272-277; 1924, pp. 71-'

56-158), FIaumax (pp. 330, 3.

, 147), Mauritzon (pp. 168-1"

), Sargent (1922, pp. 711-714),

ee KiRZ & Godfrey (pp. 227, 2_

Aguilar, I. Dos e:pecies oleaginosa . Rancho Mex. 3(19): 49-51. 1947.*

Saponaria ami Morin^a olcifera.]

LaMotte, R. S. Contributions to paleontology. II. Climatic implications of

Sapindits orc^otiiaims. Carnegie Inst. Publ. 455: 29-58. pis. 1-3. 1935.

|
Includes tentative phylo-eny of sect. Ei'sai'indus Radlk. ( g SapnrJus).]

. Contributions to paleontology. V. The Fpper Cedarville flora of north-

western Nevada and adjacent California. Ibid. 57-142. pis. 1-14. 1936.

[Sapindits, 138.|

Sakc.knt. C. S. Sapindits. Silva N. Am. 2: 67-72. pis. 74-77. 1891; 13: 5. 6.

pi. 623. 1902.

3. Melicoccus P. Browne, Civ. Nat. Hist. Jamaica 210. 1756.

Large, usually glabrous, evergreen trees. Leaves alternate, 4 (

[or 2]-foliolate, occasionally simple on the lower branches, pet

stipulate; leaflets opposite or subopposite, subses

subcoriaceous. entire, usually conspicuously inequilateral; rachis and

petiole sometimes winged. Mowers manifestly pediceled, in terminal (and

sometimes axillary) slender, simple or panicled racemes with minute

subulate or abortive caducous biaiC small >\< n I ' |, .
,

mm. in diameter (when expanded), regular, hypogynous, unisexual by

abortion, (polygamo-) dioecious (or monoecious?). Sepals 4, nearly dis-

tinct, subequal, petaloid. usually deciduous, imbricate. Petals 4, oblong-

c -. ;}: i
.

.
, ibovate, ver) shortl} ( lav\ ed, near!} twice as long as the sepals,
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nonappendaged [or with an interior bifid scale above the claw], imbricate.

Nectariferous disc extrastaminal, large, flat, glabrous, yellow [or red],

with undulate to crenate margins. Stamens 8, as long as or longer than the

petals in $ , short and with nonfunctional anthers in 2 flowers; filaments

filiform, much longer than the anthers in $ flowers; anthers extrorse,

attached to the filaments above the base on the adaxial side, oblong-ovate

in outline, sagittate-cordate at the base, 2-locular at anthesis. Gynoecium

2(3)-carpellate, syncarpous, rudimentary in $ flowers; stigma large, pel-

tate, 2(3)-lobed; style short stoutish; ovary superior, sessile, obovoid or

ellipsoid, glabrous, 1-locular to imperfectly 2-locular (when 3-carpellate)

;

ovules 2 (3), ascendent from the base, campylotropous, apotropous. Fruit

an ellipsoid to subglobular "berry" 2-4 cm. long, with green to yellowish,

leathery pericarp, usually 1-locular and 1 -seeded. Seed ellipsoid, 1.5-2

cm. long, exarillate; the outer seed coat fleshy, white, yellowish, or yellow-

ish pink, sour-sweet or sour, the inner seed coat leathery to crustaceous;

endosperm wanting; embryo straight; cotyledons fleshy, orbiculate, plano-

convex; radicle minute, inferior, Tvin: spi c n,s: M. bijugatus Jacq. (Meli-

cocca bijuga L.). 3 (Name derived from Greek, melt, honey, and coccos,

grain, seed, berry, i.e., honey-seed or honey-berry, apparently referring

to the usually pleasant, sour-sweet taste of the seed coat.)

—

Spanish

A genus of two species of tropical continental America. Melicoccus

bijugatus. In = 32, native to northern South America (Surinam to Colom-

bia) and perhaps to Central America (north to Nicaragua), has been

widely naturalized from cultivation in the West Indies and perhaps else-

where in tropical America. It has been grown in southern Florida as an

ornamental and shade fruit-tree (the fleshy seed coat and roasted seeds are

edible) and appears to have become established in subtropical Florida. 4

\I,li ( o lt us Irpidoj talus I dll differing from ui pedes in the unijug-

ate leaves and appendaged petals, has been recorded from Bolivia and

Paraguay.

Since little is record d boul th< biolog] of the
j
:nu ,

Lunan's observa-

tions (1814) on Melicoccus bijugatus are of special interest: "This tree

sheds its leaves annually, in the spring, when the new leaves and blossoms

make their appearan togethei : id in i u ly weather, the progress of its

"The genus Mrlirm , us. cMabli ll I) umn. i*>i » I.i.uii u o\ en j ( onihiiii .1

[Mifiui Miiiiu (!« ( i pi it n mi l i I It t i «
i - '"'I ii hi i i i -nue Browne did not

use binary nomenclative, i lie simple species remained unnamed until 1760, when Jacquin

(Enum. Syst. PI. Ins ( i.rib p I'M publish I Vi I, i »,< us bijugatus. Although Jacquin
.i„| [,,m |,i<MK i puiiu <i . urn » ii the binomial is valid and legitimate, lot he

gave a complete reference in Browne. In I7u2, however, Linnaeus (Sp. PI, ed. 2, 1:

4<)5) changed both tb< mn nm i><<" m dun «ln< <\ 1/ ( lie occa bijuga, the

binomial which has b, n in >.t ilu >.\<-i i.ki I no *,.
, Imu e\ er, no justification

'Monroe Counts ( u<l|.n mi lull. I nod « mdou n keys let Dickson, Wood-
bun S Vlexamlei p !' > fox, Matecumb. t e> . I < Craighead, 13 May 1962

tv\.\ Hendr> ount hamm.id mi of La Belle. T, II. Carlton, 4 Apr. 1932
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vegetation is so rapid that the new leaves are completely budded and un-

folded in the short space of forty-eight hours, the old foliage, yet in a green

state, which ornamented the tree only yesterday, is forced off and strewed

withering on the ground. When the blossoms open they diffuse their

agreeable fragrance to a very considerable distance, and attract towards

them, during that time, swarms of bee- . i. m. mi birds to feed upon

their honey. It has been observed thai these trees, when young, bear

blossoms two or three years without being succeeded by any fruit; and

it is also remarkable that the leaves of old trees lose their foliated margin

[wings] upon the common middle rib. which is only to be seen in the

leaves of the young ones."

The genus is closely related to the tropical continental American Talisia

Aubl. which extends as far north as the Yucatan Peninsula, Mexico (two

References :

Under family references see Radlkokkk < 1952. pp. S20 826). and Record &

Hess (p. 491).

Dickson, J. D, III, R. 0. Woodbury, k T R. Alexander. Check list of flora

of Big Pine Key, Florida and surrounding keys. Quart. Jour. Fla. Acad.

Sci. 16: 181-197. 1953. \Melicoccus, 197.]

Lunan, J. Hortus Jamaicensis. vol. 1. vii + 538 pp. Jamaica. 1814. [Melicoccus,

r + 474 pp. New York.

Tribe Cupanieae Reichenb. emend. Radlk.

4. Cupania Linnaeus, Sp. PI. 1: 200. 1753; Gen. PI. ed. 5. 93. 1754.

Evergreen trees or shrubs. Leaves usually even-pinnate, rarely odd-

pinnate (in cultivated specimens), petioled, persistent, exstipulate; leaflets

(2) 6-14 |20|, usually alternate |or subopposite], medium sized, chart-

aceous, ± dentate to subentire shortly pctioluled. Hants (polygamo-)

dioecious; flowers pediceled, in axillary
|

or terminal] thyrses with usually

small bracts and bractlets, small, regular, unisexual by abortion. Sepals 5,

di i h iii
' ii bro ilk imbricate Petals 5 whitish

|

or yellowish
)

,

as long as (or shorter than
|

the sepals.
|
or rarely wanting], each provided

with 2 scales above the claw, imbricate. Disc continuous, annular, crenu-

late to lobulate, puberulous
|

tomentose or glabrous
|

. Stamens 8 (-10),

inserted within the disc, exserted in 6 , short and sterile in ? flowers.

Gynoecium 2-4 (usually 3)-carpellate, rudimentary in £ flowers; stigmas

3
|
or stigma 3-lobed], style nearly as long as

|

or shorter than
|
the ovary,

[sometimes 3-fid at apex] ; ovary 2 4 (usually 3)-locular, usually pubescent

outside [and sometimes also within], ovules solitary in each locule, ascen-

dent from near the base of the axile placenta, camp\ lolropous, apotropous.

Fruit a stipitate, turbinate-triangular [laterally 3-lobed. sometimes also 3-

winged], (2)3 (4) -locular capsule, apiculate with remnants of the style,

loculicidally dehiscent. Seed ellipsoidal to subglobular, covered to half its
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length by a cup-shaped, fleshy aril; seed coat

embryo thick, curved; cotyledons fleshy, pla

flexed. Type species: C. americana L. (The

Cupani, 1657-1710, a Sicilian monk, physician, and botanist.)

A tropical American genus of nearly 45 species, extending south to Ar-

gentina and Peru, north to \h I uthern 1 >rida Cupania glabra

Sw. of the West Indies, Mexico, and Central America (as far south as Costa

Rica) occurs in hammocks on the Florida Keys (Big Pine Key). The

species was first collected by Blodgett in the 1840's on Key West, but

the specimen was identified only in 1901 by Britton. The species was

thought to have been e I a minal id in Florida until it was rediscovered by

Small in 1921 on Big Pine Key, where it has since been collected by several

botanists.

Two fossil specie- ( upania or, «o>w Chaney & Sanborn (resembling the

living South American C. vernalis Cambess.) and C. Packardii Chaney &

Sanborn (resembling the living South American C. americana L.) are known

from the Goshen and Chalk Bluff floras (Upper Eocene-Lower Oligocene)

of central Oregon. Several species of the presumably very closely related

fossil Cupanites Schimper are represented by leaves in the Eocene of the

southeastern United States and by both leaves and fruits in certain Euro-

pean Tertiary deposits (cf. Berry, 1916, p. 269).

The genus is very closely related to the tropical American Matayba

Aubl.

See also under family references Berr\ <l"16 P1 > ^" '<<> '"^ I'
()1

Radlkofer (1895, p. 337; 1934 pp 1020-10n7) md Wi r. R\m,nip.
1

>

Britton, N. L. Cupama on Pine Key, Florida. Torreya 1: 132. 1901. [Blod-

gett's collection labele< Paullinia, was identified by Britton as Cupania

glabra."]

Chaney, R. W.. & E. I. Sanborn. Contributions to paleontology. The Goshen

flora of west i nti 1 '
i
gon irnegi. In t Publ 439: 1-103 pis. 1-40.

1933. [Age of Go h< n llu. \ 1>. i\\e n I pj.^r Lcnene and Lower Oligocene;

Cupama, 82, 83.]

MacGinitie H 1) Contributions to paleonloloev. A Middle Eocene flora from

the central Sum. \<M(h Co.. .e In I I'uhl 534: 1-178. pis. 1-47. 1947.

[Cupama, 144.]

Tribe Dodoxahkak HBK. emend. Radlk.

donaea Miller, Card. Diet. Abr. ed. 4. 1754.

green shrubs [sometimes low and ericoidj or small trees, mostly

s-viscous. Leaves alternate |
rareh subop]iositc| imple [or pin-

usually subchartaceous, entire or repand |or ± toothed
| .

with ±
.us parallel lateral veins, usually appearing varnished, viscous, ±
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covered with resinilerous glands, petioled to subsessile, exstipulate. Plants

(polygamo-) monoecious or dioecious; flowers pediceled, (solitary or| in

terminal
|
or axillary

j
thyrses (or panicles] with small bracts, small, regu-

lar, unisexual by abortion, often (in ours) also bisexual. Sepals 3-7,

usually 4 or 5 (more rarely 3), connate at base, valvate or narrowly imbri-

cate, usually deciduous. Petals wanting. Stamens distinct, 6-10|-12| in

d and bisexual, sterile or wanting in 9 flowers; filaments very short;

anthers linear-oblong in outline, obtusely quadrangular in cross section,

apiculate at apex, much longer than ihe filaments; pollen medium sized,

3-colpate, prolate-spheroidal, subiriangular in polar view, smooth or min-
utely reticulate. Nectariferous disc intrastaminal, obsolete (minute) in

6 ,
stipelike in bisexual and 9 flowers. C.ynoecium 2-4 [-6] (usually 3)-

carpellate, rudimentary in 6 flowers; stigmas 2-4, usually 3, small; style

filiform, sometimes 2 4-iid at apex, al leasl 3 times as long as the ovary,

deciduous; ovary 2-4 1

-6 J
(usually 3)-locular. slightly raised on a short,

gynophore-like disc, mostly densely covered with resiniferous glands;

placentation axile; ovules 2 in each locule. superposed (the upper ascen-

dent, apotropous. the lower pendulous. epitro])ous ) , sessile on the out-

growths of the placenta, campylotropous, 2-integumented, with a thick

nucellus. Fruit a chartaceous
|
membranaceous or coriaceous

|

, septifragal

[or septicidal
|
capsule, usually 3- rarely 2- or 4 [-6 |-locular, the locules

boat shaped, manifestly
|
or narrowly

|
winged, 2 (or by abortion 1)-

seeded. Seeds lenticular or obovoid |or subglobular
|

, with a callus-like

outgrowth of the carpel wall around the abscission scar; seed coat crust-

aceous
|

or coriaceous
|

; endosperm wanting; embryo coiled; cotyledons

linear; radicle elongated. Tvpk spkciks: Ptclca viscosa L. = D. viscosa

(L.) Jacq. (Named in honor of Rembert Dodoens, or Dodonaeus, 1518-
1585, Dutch physician and herbalist.) Hopbush, varnish-tree.

A primarily Australian genus of nearly 60 species, with one in Mada-
gascar, three in Hawaii, and one (l)odonaca viscosa) pantropical. Dod-
onaca viscosa (including /;. jamaiccusis DC, J), microcarya Small), In
— 28, 32, extremely variable in shape and size of leaves, size of capsules,

and size and shape of seeds, occurs in our area primarily in coastal habitats

and hammocks from the Florida Keys northward to Volusia and Hernando
counties, Florida. The taxonomy of this peiplexing complex apparently
has been based almost exclusively on the study of herbarium material, and
the numerous varieties and forms have been distinguished pi nuai il\ on \W
basis of vegetative characteristics. The lines between taxa are weak, and
there seem to be many transitional specimens. The limits of variability of

may be rather broad, since in some instances two sheets of the same
collection of I), viscosa have been cited as different varieties. As delimited

by Sherff the species comprises three pantropical varieties (including 11

forms) and var. Siokcsiana F. Br. restricted to Fiji, the New Hebrides,

Society, and Tubuai (Austral) islands of the southern Pacific. The lack of

field observations and ecological and etiological data for this complex
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makes impossible any conclusion regarding the nature and delimitation of

infraspecific categories of D. viscosa.

On tin ii >f Shorfl ti limenl ill tin ropical varieties, some-

times regarded as distinct species, are represented in Florida. Dodonaea

viscosa var. viscosa f. viscosa (var vulgaris Benth. f. repanda (Schum. &

Thonn.) Radlk.). a shrub with oblong or obovate leaves 7-15 cm. long by

1.5-4 cm. broad and subcircular to oblate capsules 1.5-2.5 cm. broad.

seems to be restricted to the mainland in our area, while var. linearis ( Harv.

& Sond.) Sherff f. antiustijolia (Benth.) Sherff (var. antiustijolia Benth.;

D. jamaicensis DC), a shrub or small tree (?). with linear-oblong to nar-

rowly oblanceolate leaves 6-9 cm. long by 0.5-1 cm. broad and capsules

F2-1.6 cm. broad, has been collected both on the mainland and the Keys.

The var. arborcscens (Cunn.) Sherff (var. spathulata Benth.), a shrub or

small tree with spatulate leaves, is represented on the mainland by the

rare f. arborcscens, with narrowly spatulate. sinuate dentate leaves, and

by similar but more frequent f. \ pat ulata (Smith) Sherff in which the leaves

are entire or slightly sinuate; on the keys (very rarely on the mainland?)

occurs the very distinctive f. elaea-noides ( Rudolphi ex Ledeb. & Adlerst.)

Brizicky •"' (D. microcarya Small), a small tree with subcoriaceous. broadly

spatulate to obovate-cuneate leaves 3.5-5 cm. long by 1.6-3 cm. broad

and small, oblate capsules only 0.8-1 |-1.6
|
cm. broad. Forma claea»noides

(f. Ekrenbcr^ii) is known al o from tlu ; sh unas. Cuba, Hispaniola, and

the Lesser Antilles. Sherff comments (1947. p. 304), "It cannot be em-

phasized too strongly that in certain localities the f. Ehrenbcr^ii may easily

appear widely and specifically different from f. arborcscens. Future authors

of floristic works restricted to such localities will perhaps, therefore, be

tempted to treat it so.'' In view of the broad tropical distribution of the

infraspecific taxa of D. viscosa. these apparent geographical restrictions

Both dioecism and monoecism have been recorded in Dodonaea viscosa;

apparently the former is more frequent. Delpino concluded that pollina-

tion is by wind. Pari henocarpy has been reported by Joshi. Both Radl-

kofer and Emder considered wind to be mainly responsible for fruit dis-

persal in D. viscosa, but Guppy (1917, p. 207) concluded "that if we placed

the agencies of dispersal in their order of effectiveness they would be, first

granivorous birds, then currents, and lastly man."

About 15 fossil species of Dodonaea, represented by leaves and/or

fruits have been described from the Tertiary deposits (Oligocene and

Miocene) of various parts of western Europe. A few species, based on

leaves or fruits, are known from the Lower Eocene (e.g., D. Wilcoxiana

Berry, D. Knowltonii Berry) and the .Middle and Upper Eocene (e.g.. D.

•Dodonaea viscosa (L.) Jacq. var. arborescens (Cunn.) Sherff forma eleag-

noides (Rudolphi ex Ledeb. & Adlerst.) Brizickv, nnnli. now Kasionym: I), viscosa

(L.) Jacq. var. spathulata Benth i ,l,u,<->n >/,ics i llnd.-l,, I,
,

!',,,'ll I'll m '. im '< h D

Ehrenbergii (Schlechtend ) Sin It )<u I u 1-1. 1
/

Rudolphi ex Ledeb. cV Adlerst. Diss. Hot. Sist. PI Dominie Dread. IS. 180S; D. Ehren-
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viscosoides Berry) of the southeastern United States (Mississippi, Ten-
nessee, Louisiana), the Oligocene of Colorado (D. umbrina MacGinitie),

the Miocene of southern California (/.), calijarnica Axelrod), the Pliocene

of Bolivia, and the late Tertiary of Brazil. Axelrod states that material

of D, calijornica "cannot be separated from the living Dodonaea viscosa

.... In fact, the affinity of the Miocene to the modern species is so much
closer that it seems desirable to recognize a new species."

A modern revision of the genus, eventually of Dodonaea viscosa, based

on population studies accompanied by cytological investigations, is very

desirable.

The genus is most closely related to the Australian Distichostemon
F. Muell.

See also under family references \\\\<k\ i |om>. pp. 270-272; 1924, pp. 70, 71),
Engler (pp. 265, 285-287), Guppy (1906, pp. 338-341; 1917, pp. 206, 207),
Lubbock (pp. 365, 866), MacGinitie (p. 144), Mauritzon (pp. 168-173),
Radlkofer (1895, pp. 856. 357; 1933, pp. 1850-1404), Selling (pp. 224-226),
siid Wksi & Arnold (p. 134).

Axelrod, D. I. Contributions to paleontology A Miocene flora from the western
border of the Mohave desert. Carnegie Inst. Publ. 516: 1-129. pis. 1-12.

1939. [Dodonaea, 118, 119.]

Delpino, F. Note ed osservazioni botaniche. Decuria seconde. Malpighia 4:

3-33. 1890. \D. viscosa. 25, 26.]

Harshberger, J. W. The comparative leaf structure of the sand dune plants of

Bermuda. Proc. Am. Philos. Soc. 47: 97-110. pis. 1 3. 1908. \D. viscosa.

leaf anatomy, 104, pi. 2, figs. 4, 4a, 4b.'}

Josht, A. C. I'arthenocarpy in Dodonaea viscosa. Jour. Indian Bot. Soc. 17:

Sastrv, B. N. Analyses of tissues of Dodonaea
' i " A II II m I, alth\ uui db i d condil oi

Assoc. 16: 242. 1929.*

Sherff, E. E. Some additions to the genus Dodonaea L. (Sapindaceae)
Jour. Bot. 32: 202-214. 1945.

| Includes several new combinatio:

intraspecific categoric:-; oi I), viscosa.
\

. Further studies in the genus Dodonaea L. (family Sapindaceae).
Field Mus. Bot. 23: 269-317. 1947. [Synopsis of D. viscosa; sever;

forms proposed.
]

Small, J. K. A new varnish-leaf tree from the Florida kevs. Torreva 7

39. 1925. \'D. microcarya.]

Sotaria, R. X. Meiosis in Dodonaea viscosa L. Proc. Indian Sci. Congr.

Tribe Doratoxyleae Radlk.

ne, Civ. Nat. Hist. Jamaica 208. 1756.

shrubs. Leaves 3-foliolate, pctioled, exstipulate;

1, 3.5-6 cm. long by 1.3-2.5 cm. broad, obovate-

with close, paral-
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lei, lateral veins. Plants monoecious; flowers slender pediceled, in axillary

or subterminal, loosely branched, few-flowered, long-peduncled thyrses

(as long as or longer than the leaves) with small caducous bracts and

bractlets, small, regular, unisexual by abortion. Sepals (4) 5, reddish,

unequal, the two exterior smaller than the interior, imbricate, deciduous.

Petals (4) 5, white, as long as the sepals, unappendaged, flabellate veined,

imbricate. Disc annular, fleshy, shallowly 5-lobed, (7)8-sulcate, glabrous.

Stamens (7)8, inserted on the lobes of the disc, exserted in $ ,
short and

with sterile anthers in 5 flowers. Gynoecium 3-carpellate, rudimentary

in $ flowers; stigma obtuse, 3-lobed; style short, curved near apex; ovary

3-locular; placentae axile; ovules 2 in each locule, superposed (the upper

ascendent and apotropous, the lower pendulous, epitropous), campylotro-

pous. Fruit a small (ca. 8-9 mm.) drupe, black, subglobular, slightly 3-

sulcate, crowned with remnants of the persistent style; flesh thin, sweet,

containing saponine; stone thick-crustaceous, 1-locular by abortion, 1-

seeded. Seed ellipsoidal or obovoid, exarillate; seed coat thin, leathery,

rugulose, reddish brown; endosperm wanting; embryo curved; cotyledons

thin, curved, the exterior nearly infolding the circinate interior; radicle

long, incumbent, directed toward the fruit apex. Type species: H. tri-

foliate, Sw. (The ancient Greek name for Ruscus [Liliaceae], butcher's

broom, applied by Browne to this genus.) — White ironwood.

A monotypic genus of the West Indies and the hammocks or rarely

pinelands (Big Pine Key) of southernmost Florida (Florida Keys). This

large shrub or small tree (occasionally up to 12 m. tall and 45 cm. in

diameter) is one of the rarest tropical plants indigenous to our area (cf.

Cupania).

The staminate and carpellate flowers occur in separate inflorescences on

the same plant. The occurrence of occasional bisexual flowers seems to be

possible. Nothing is known in regard to pollination.

The wood is very heavy, hard, very durable in contact with the soil, and

has been valued in Florida for posts; it is also used elsewhere in shipbuild-

ing and for handles of tools.

The genus is closely related to the monotypic Cuban Euchorium Ekm.

& Radlk. and to Exothea Macfad.

References :

See also under family references Radlkofer (1895, p. 358; 1933, pp. 1407-

1410), and Sargent (1922, pp. 716, 717).

Sargent, C. S. Hypelate. Silva N. Am. 2: 77, 78. pis. 80, 81. 1891.

7. Exothea Macfadyen, Fl. Jamaica 1: 232. 1837.

Evergreen trees. Leaves even-pinnate, 2-6 [-8] (most often 4)-foliolate,

very rarely 3- or 1-foliolate, petiolate, exstipulate; leaflets opposite usually

thin, entire, obscurely veined, lustrous on the upper surface, subsessile or

shortly petiolulate. Plants (polygamo-) dioecious; flowers shortly ped-

iceled, in axillary, subterminal, corymb-like thyrses with minute, decid-
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nous bractlets. small (ca. 1 cm. in diameter), regular, unisexual by abor-

tion, rarely also bisexual. Sepals 5. connate at base, tomentulosc, rellexed

alter blooming, persistent, imbricate. Petals 5. whitish, short-unguiculate.

unappendaged, 1 -nerved, about as long as the sepals, imbricate. Nectar-
iferous disc fleshy, patelliform. lobulate. puberulous. orange to red. Sta-

nu'ib 7 10. usually 8, inserted on the disc in small depressions near its

margin, as long as or somewhat longer than the petals in A and bisexual,

short and sterile in 9 flowers. Pollen small. 3-colpate, spheroidal, spinu-

lose. Gynoecium 2-carpellate. rudimentary in ' flowers; stigma large,

obtuse, subbilobed or indistinctly 3 4-lobcd; style short, stoulish; ovary
sessile, pubescent, 2-locular; ovules 2 in each locale, collateral, suspended

berry, dark purple to black, juicy (crustaceous and brownish when dried).

crowned with remnants of the stylo, surrounded at the base by reflexed

sepals, usually nearly globular. 1.2-1.6 cm. in diameter. 1-locular and 1-

*V' suS. &H
1 - mm

J"

I' ;iinl piMillodmm, >< 4; c. bisexual Hi

rarpellah' ia.wrr. -huwmu' -l a:t:i:auiia.
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seeded bv abortion, rarely transversely ellipsoidal. 2-lobed, 2-locular and

2 -seeded." Seed globular, exarillate; seed coat thin, crustaceous, reddish

lnvi.kMiii >m, , d-iiii v.nitim. muIhvo ur ed cotyledons fleshy,

planoconvex, puberuiou- radicle superior, very short, incumbent, turned

toward the small hilum ind inclosed in a lateral cavity of the seed coat.

Type species: E. oblnn^ioliu Uacfad. ' paniatlnhi (Ju >

I
n'l

(Name derived from Greek, exothea. to remove, in allusion to the separa-

tion of this genus from Amyrideae. with which group it was thought to be

related.) — Inkwood, butterbough.

A tropical American genus of three pedes distributed in the We i

Indies, southern Florida. Mexico, and Central America, south to Costa

Rica. 'Exothea paniculata occurs in hammocks and on calcareous soils and

shell mounds (kitchen middens) in southern peninsular Florida (north-

ward on the east coast to Volusia County) and on the Florida Keys, south-

ward bevond our limits in the West Indies and Central America. Appar-

ently birds are responsible for fruit dispersal. The wood is very hard

and'heavy, resistant to the altacks o! teredo therefore aluable ioi pile:

,i ,| > u m1 to. lb... i -oil boa, buildiiLCi and small ailules

The genus is closely related to Uypclate and Euchorium.

References:

See also under family references Radlkofer (18U5. p. 35S; 1933, pp. 1411-

1415), Sargent (1922. pp. 714-716). and West & Arnold (p. 133).

Sargent, C. S. Exothea. Silva N. Am. 2: 73-76. pis. 78. 79. 1891.

ACERACEAE A. L. de Jussieu. lien. PI. 250. 1780, ".Vera, nom. cons.

(Maple Family)

Trees or shrubs distinguishable from the closely related Sapindaceae

by the opposite, ho <vh imple leave regular flowers often intrastaminal

nectariferous disc; regularly 2-carpcllatc gvnoecium: and schizocarpous

fruit (a "double samara") splitting into 2 winged mericarps. Type genus:

AcerL.

A family of two genera, chiefly of the Temperate Zone of the Northern

Hemisphere. In contrast to the polymorph^ and widely distributed Acer,

Dipteronia Oliv. (differing from Acer in naked buds, pinnately multifolio-

late leaves, ample thvrs( ind i trp id) is known onh

nom (.no ii and \ e tern ( lain (h\o specie )
although in I h< hituin

it was represented in we tern
H orth Vmcri- b\ I), insi^iis (Lesq.) R. W.

Br similar to the extant D. sinensis Oliv.

do relation hip ol cei u iu to uipindao < has generally been

assumed, an assumption tubs upported by widen from external and

internal morphology, palynology, and biochemistry. The relationship to

Hippocastanaceae also is unquestionable, but that to Staphyleaceae. pre-

sumed by some taxonomists (cf. Takhtajan), has not been demonstrated

satisfactorily.
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1. Acer Linnaeus, Sp. PI. 2: 1054. 1753; Gen. PI. ed. 5.474. 1754.

Trees or shrubs. Leaves opposite, simple and usually palmately 3-9
|-ll|-nerveel and -lobed. or rarely pinnately compound, 3 7-foliolate [or
palmately 3-5-foliolate

| , membranaceous or subcoriaceous
|
or coriaceous],

deciduous
|
rarely persistent

|
; nodes 3 [4, 5|-lacunar. Inflorescences usu-

ally terminal raceme- or corymb-like thyrses, racemes, corymbs, or umbel-
like fascicles on short, few-leaved ,„ le;,lless branchlets developing from
the apical and/or lateral buds, before, with, or after leaves. Flowers small

ish yellow or yellow, rarely red [or white |, unisexual bv abortion, some-
times also bisexual. Sepals 5(4), ± distinct, or more rarely connate,
imbricate. Petals 5 (4). distinct, not rarely sepal-like, imbricate, rarely
wanting. Nectariferous disc thick, annular, often lobed, sometimes deeply
5-parted, extra- or intrastaminal, rarely wanting. Stamens 4-10, usually

inserted in the middle of the disc, commonly exserted in A , short and
generally abortive or rarely wanting in 9 'flowers; fllaments filiform;
anthers oblong or linear in outline, nearly basiiixed. 2-locular at anthesis',
introrse, longitudinally dehiscent; pollen medium sized, 3-colpate, prolate,
the surface reticulate to striate

|
or exceptionally spinulo.se

J
. Gynoecium

syncarpous, usually 2-carpellate (sometimes 3- or 4-, rarely to 8-carpellate),
rudimentary or wanting in £ flowers; stigmas 2. spreading, often recurved,
short to elongate and narrow; style single, elongate to very short; ovary
superior, usually 2-locular. much compressed perpendicular to the parti-
tion; ovules 2 in each locale, collateral or superposed, campylotropous to
anatropous, 2-integumented, with a thick nucellus, nearly sessile, the
funicle very short and broad. Fruit a winged schizocarp ("double samara")

,

composed of 2 mericarps (samaras) separating after maturity from the
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persistent axis (carpophore), the nutlike, usually 1-seeded, body ("nut-

let") of each mericarp produced on the back into a chartaceous or coria-

ceous, reticulated, ± obovate (sometimes ± falcate) wing thickened on

the lower margin. Seed without endosperm ; testa membranaceous ;
embryo

conduplicate, sometimes coiled [rarely straight] ; cotyledons foliaceous or

fleshy, variously irregularly plicate or rarely flat, incumbent or accumbent

on the elongated descending radicle turned toward the hilum. Germina-

tion usually epigeous (hypogeou: in ! succharinum) i.including Negundo

Boehm. in Ludw.. Rulai d n Sacckarodendron (Raf.) Nieuwl.
,
Crula

Nieuwl., Argentat n i <a imall). Lectotypi species: A.

Pseudo-Platanus L.; see N. L. Britton, N. Am. Trees 638. 1908. (The

classical Latin name of the maple; etymology obscure.) — Maple.

A genus of nearly 150 species, primarily of the North Temperate Zone,

a few extending into the subarctic in Europe (e.g., Acer platanoides L.,

up to 63° N. Lat. in Sweden) and North America (e.g., A. glabrum Torr.,

up to 59° N. Lat. in Alaska), as well as into the Tropics in Central

America (A. Skutchii and A. Negundo in Guatemala) and in Asia (A.

nivcum Blumc in the mountains of Ja\. i
-mi,, u. ' -.« m I ' " <

'

The genus is centei d in easl rn Vsia where about 1 o-thirds of the species

and several endemic sections occur. The species in general are compo-

i
mm ni mi us i

.« i ition . ml loit ( h !> >' h ulnmi ,
ml mi ,<•( I h

of moderately waitn .md humid <lim.-t«s Onl\ ! .no.is pcssulanum L. and

its allies seem to have become adapted to the arid conditions of the Med-

iterranean region.

The classification of Acer followed here is basically that of Pax (1902),

emended by Rehder (1905, 1940). The genus is subdivided into 14 sec-

tions, five of which occur in our area. The monotypic and endemic sect.

Glabra Pax (presumably related to the eastern Asiatic sect. Arguta

Rehd.) i represented b\ I glabrum Ton md the otherwise eastern Asi-

atic sect. Palmata Pax by A. circinatum Pursh in Pacific North America.

The sections are based on the characteristics most adequately known at

present: type of inflorescence; floral stru< tures; gross morphology of fruits,

especially 'of the nutlets (seed-bearing portions) ; number and arrangement

of the scales of winter buds; and external (and partially internal) features

of leaves.

In the early Tertiary, the genus was widely distributed throughout the

boreal zone, and the ranges of some sections were much more extensive

than at present. Thus, in the Oligocene, and perhaps even the Eocene,

species of sect. Rubra, which is now restricted to eastern North America

and Honshu, Japan, occurred in Eurasia and North America (as far north

as Greenland). In the Miocene this section was still represented in Pacific

North America (e.g., Acer Chaneyi Knowl, from Oregon), ^and in the

Pliocene and even the Quaternary in northern Italy. Members of the now

exclusively American sect. Saccharina Pax have been described from the

Miocene of Hungary (e.g., A. Jurenakii Stur.) Fossil species of sect.

Negundo have been recorded from the Oligocene (Colorado) and the
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th America, and from the .Miocene of Europe

simple, palmalch a - lobed ur -clefl
; plants i

mri.ur rniuiuunhilou:-; m;ii)H'iis usually 7 or J-

petals and disc

slightly S)-lobed (our spp.) ; win er buds with 2 outer scales.

C. Inflorescences slender, uprigh
, subcyhndncal thyrscs; petals linear

striped; leaves coarsely serrat Sect. Acer.
C. Inflorescences slender, pendul

trastaminal; nutlets of the sai was somewhat flattened, ribless; bark
of young trunk and branches green, with longitudinal pale or dark
stripes; leaves finely doubly-sc rrate Sect. Macrantha.

Flowers in corymbs or fascicles; petals and/or disc present or absent;
winter buds with several to main imbricate scales; leaves 3-5-lobed or

Mowers on long, filiform, pendulous pedicels, in t many-tlowered.

shoot and short lateral braiuhlets. appearing with or a little before
the leaves; plants monoecious; petals wanting; disc extrastaminal

;

(< u EC >niii oi pniii.o ,i,ii <]\ sinuate-dentate or lobulate, the
the sinuses between lobes rounded Sect. Saccharina.
Flowers subsessile or pediceled (the pedicels not pendulous), in 3-7-
llowered umbel- or headlike clusters produced Irom aggregated lateral
buds, appearing long before the leaves; plants monoecious or dioe-

A. Leaves pinnately compound, 3-7(-l 1 )-foliolate; plants dioecious; flowers
4- or 5-merous. anemophilous. the staminate fascicled and pendulous on lon<r.

filiform pedicels, the pistillate in slender, drooping racemes; petals and disc
wanting (our sp.)

;
stamens 4-6; winter buds with 2 outer scales.

Sect. Xeguxdo.

The Eurasian-Xorth American sect. Ackr (§ Spicata Pax, ^ Gcmmata,
Microcarpa, and Trilobata Fojark.), comprising about 30 species and cen-
tered in eastern Asia, is represented in our area by Acer spicatuw Earn.,
mountain maple, In 26, which occurs from Newfoundland and south-
eastern Labrador to Hudson Bay, Manitoba, and Saskatchewan, and
southward in cool, damp, rocky woods at higher elevations in the Ap-
palachians to western North Carolina, eastern Tennessee, and northern
Georgia. This species is closely related to the (apanese-Manchurian A.
ukurundurnsc Trautv. & Mey. The Pacific North American A. macro-
phyllum Pursh, 2n = 26, usually placed here, perhaps represents a section
of its own. The European ,1. Psatdo-Platanus L., sycamore-maple, In =
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52, much planted as an ornamental in the Northeastern States, has become

established there locally, and th< ea lern \siatic .1. Ginnala Maxim., In =

i ,,!«! di> Cblehid Irom Main ut ( onnuhtut and \\< tt in u -oik

Section Acer, as delimited here, seems to be somewhat heterogeneous.

The almost exclusively eastern Asiatic sect, Mackaxtiia Pax. including

about 20 species, is represented in North America only by Acer pensylvani-

cum L., striped maple, 2u - 2(>. a primarily northeastern species extending

into our area along ihe Appalachians, usually in cool, damp soil at eleva-

tions above 3000 feet, to Tennessee, North Carolina, and northern Georgia.

It seems to be closely related to the Manchurian-Korean A. tegmentosum

Maxim.
Fh, "nil I. North \rnen m eel Sactiiakina Pax (Saccharodendron

Nieuwl.) consists of two to six species (depending upon the taxonomy

adopted). The species concept followed here is that based on population

studies by Desmarais (1952). who regarded Acer saccharum Marsh.

emend. Desm. as a complex n u< omptised of six subspecies (five

i<>< r I
iii, four of whi occur in our area.

The subspecies have been di tin mi I <\ m inb on fix basis of the general

leaf outline, the types of which appear to have definite geographical pat-

terns and to show n >rrelation with the < i hi degree (amount)

and type of the pubescence of the lower leaf-surface. All these characters

ill i<M ,le in thr an i whin the iai)L . iihr ub |i ties overlap.

The northeastern American Acer saccharum subsp. saccharum (A. sac-

charodendron K. Koch; .1 nigrum vat I'taucum ( chmidl ) 1. b //

charodendron barbatum Nieuwl. not .1. barhat urn Michx.), sugar maple.

2n 26. extends southward into our area, being abundant in eastern

Tennessee and western North Carolina, but sparse in central North Car-

olina, northeastern Alabama, and northeastern Georgia. "It attains its

greatest abundance in the northern part of its range, forming in some

places almost pure stands. Farther south along the Appalachians, it is

still an important element of the flora, but grows with many other species

of trees. From the Appalachians west its abundance gradually decreases,

until it is replaced by subsp. nigrum" (Desmarais). Subspecies nigrum

(Michx. f.) Desm. (,1. nigrum Michx. f.; N nigrum (Michx. f
. ) Small),

black maple. 2n = 26, ranges from southern Quebec to southern Minnesota

southward, reaching its southern limit in Arkansas, Tennessee, and western

North Carolina. Its occurrence in Georgia and Alabama (cf. Femald.

Gravs Man. Bot. ed. 8. 987. 1950) should be verified. Records from

Louisiana are possibly based on planted specimen.. "The black maple,

covering a wide range, is really abundant only in Illinois and Iowa, where

it forms pure stands in the valleys along the rivers. It is a very variable

group, and seems to be gradually eliminated by subsp. saccharum where

the two grow together" ( 1 h'.smarais ) . Intermediates between subsp. sac-

charum and subsp. nigrum have been grouped by Desmarais into a "v/r

charum nn>utnr time Sub-p< ( i do hit hi ( ( hapm )
Desm. {A. bar-

batum Michx. fide Femald; A. jioridanum (Chapm.) Pax; A. nigrum var.

jioridanum (Chapm.) Fosb.; S. jioridanum (Chapm.) Nieuwl.), Florida
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maple, occurs on the Coastal Plain and in the Piedmont, from southeastern
Virginia south to central Florida (Hillsborough County), west to Louisi-

ana, north to Arkansas and Tennessee, and beyond our limits in the Ozark
Plateau of Missouri and along the Mississippi Valley in southern Illinois

and western Kentucky. Subspecies leucoderme (Small) Desm. (A. leu-

coderme Small; A. nigrum var. leucoderme (Small) Kosb.; S. leucoderme
(Small) Nieuwl.), chalk-maple, is a tree mostly of i he deep valleys of the

southern Appalachians and Piedmont, as well as al the inner edge of the

Coastal Plain, from western North Carolina south to northernmost Florida
(Gadsden and Liberty counties), west to Louisiana, north to Arkansas
and Tennessee. Generally rare and local, it is apparently most abundant
in Georgia and Alabama. This subspecies presents a homogeneous popula-
tion intermediate between subspp. nigrum and floridanum, with which it

is often confused. Subspecies Schneckii (Rehd.) Desm. (A. saccharum
var. Schneckii Rehd.), "intermediate between saccharum, floridanum, and
grandidentatum ... is found along a zone where the ranges of saccharum
and floridanum meet"

( Desmarais) . Although apparently unrecorded from
our area, its occurrence in at least the northwestern part seems to be
possible. The range of subsp. grandidentatum (Torr. & Gray) Desm. (A.

grandidentatum Torr. & Gray, including A. sinuosum Rehd.), bigtooth
maple, lies to the west and northwest of our area, and there are no au-
thentic records of its occurrence east of Comanche County, Oklahoma.
Since the subspecies of A. saccharum distinguished by Desmarais, "although
treated on the same level in the nomenclatural system, are not of equal
rank and do not have the same relationships" (Desmarais), further

taxonomic changes are to be expected.

The poorly known Acer Skutchii Rehd. occurs in the mountains of

Tamaulipas, Mexico, and Zacapa and Quiche, Guatemala. Combining the
leaf outline of subsp. nigrum (but the leaves glaucous, glaucescent, or
green on the lower surface), the pubescence of subsp. Schneckii, and fruits

larger and smoother than those of A. saccharum, it should be studied in

the light of variation in A. saccharum. It is considered to be an Arcto-
Tertiary element in the Mexican [and Guatemalan] montane biota
(Martin & Harrell).

Section Saccharina is supposed to be closely related to sect. Gonio-
carpa Pojark. (§ Campcstria sensu Pax, exclusive of Acer campestre L. r>

)

of the Mediterranean region.

Section Rubra Pax (Rufacer Small, Argentacer Small) includes two
eastern North American and one endemic Japanese species, Acer pyenan-
thum K. Koch, closely related to A.rubrum. The red maple, A. rubrum, L.,

(Rufacer rubrum (L.) Small), 2n = 78, 104 (flowers in umbel-like clusters,

usually red, rarely yellow, pediceled; sepals distinct; petals and disc pre-

sent; wings of samaras slightly divergent), ranges from Newfoundland,
the Gaspe Peninsula, southern Quebec, and Ontario, southward, in a wide

"Following Pojarkova ( 1^6) and Fnnald (Cray's Man. Bot. ed. 8. 986. 1950), the
writer regards Acer campestre L. as a member of sort, IM.atan.udka Pax. Consequently,
the seelional name Campcstria Pax is replaced by Conkkarpa Pojarkova.
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variety of habitats, throughout our area, except the extreme southeastern

part of peninsular Florida (Dade County) and the Florida Keys, westward

to Texas and Oklahoma. Two doubtful varieties, var. Drummondii (Hook.

& Arn.) Sarg. (Rufacer Drummondii (Hook. & Arn.) Small) and var.

tridens A. Wood (var. trilobum K. Koch; Rujacer carolinianum (Walt.)

Small), occur on the Coastal Plain south to Florida. The taxonomy of this

polymorphic species remains obscure; extensive population studies are

desirable. The existence of chromosomal races within A. rubrum has been

suggested (Taylor, Dufneld). The silver maple, Acer saccharinum L.

(A. dasycarpum Ehrh.; Argentacer saccharinum (L.) Small), In = 52

(flowers in headlike clusters, usually yellow, rarely red, subsessile; sepals

connate; petals and disc wanting; wings of samaras much divergent), a

characteristic bottomland species similar in its silvical features and general

range to the red maple, occurs in the Piedmont and at moderate elevations

in the mountains, as well as on the Coastal Plain, especially in river valleys,

locally throughout our area south to northern Florida and west to Louisi-

ana. "The likelihood of the formation of distinct races within relatively

small distances (about 100 miles) in the climatically uniform Middle

West" is presumed (Wright, 1949, pp. 301, 302). The position of sect.

Rubra within the genus seems to be rather isolated. Anatomically it seems

to be close to sect. Glabra Pax (cf. Warsow).

The eastern Asiatic-North American sect. Negundo (Boehm. in Ludw.)

Maxim. 7 emend. Rehd., 1940 {Negundo Boehm., Acer subg. Negundo

(Boehm.) Momotani), includes three species, one American. Acer Negundo

L. {Negundo aceroides Moench, N. Negundo (L.) Karst.), box-elder, ash-

leaved maple, water maple, In = 26, ranging throughout most of the

United States, north to southern Canada and south to Mexico and Guate-

mala, occurs scattered in the valleys of the lower mountains, along sandy

banks and bottoms in the Piedmont, and along the larger rivers on the

Coastal Plain, throughout our area south to central Florida (Hernando

County). This polymorphic species includes several apparently inter-

grading varieties (sometimes regarded as distinct species) which differ

mainly in the shape, thickness, and dentation of the leaflets, and the hairi-

ness of leaflets and/or branchlets and fruits. Its closest allies are A. cissi-

jolium (Sieb. & Zucc.) K. Koch, In = 26, from Japan, and A. Henryi Pax,

In = 26, from central China, both with petaliferous flowers with an in-

trastaminal disc. The position of the section within the genus seems to

be rather isolated, and its relationships are obscure.

Although the flowers of Acer usually are unisexual by abortion, occasion-

al bisexual (morphologically, at least) flowers and rarely even individuals

7 In his Bibliography of Cultivated Trees and Shrubs (1949, p. 428a), Rehder cited

Pax (Bot. Jahrb. 6: 327. 1885) as the author of the sectional name Negundo. In a

footnote he pointed out that it could not be attributed to K. Koch, since Koch used

the informal "term 'Gruppe' lor his lour divisions which are published with descrip-

tions but without names; in Gruppe 4 the name 'Negundo Mnch. meth. 334' is ob-

viously cited as a synonym and is not intended as the name of the group." Although

correct in regard to Koch, Rehder apparently overlooked the earlier publication of

the name by Maximowicz (Bull. Acad. Sci. St. Petersb. III. 26: 450. 1880).
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ugly bisexual llowers occur. In general, however, polygamy
relatively rare within the genus. In most species the plants

us (dioecism being of extremely rare occurrence, e.g., in A.

I. Pscudo-Plataiiits) ami entoinop'n'lous. bees being recorded

lent pollinators. Acer saccharimim and .1. rubrum are either

ir dioecious and pollinated by insects and wind; and A. X c-

gundo is dioecious and wind pollinated. Cross pollination seems to be the

rule, bisexual llowers being proterogynous (e.g.. in .1. Xcgundo X platan-

oides; see Beskaravainaya) and close-pollination in monoecious plants

being obstructed by differences in position of staminale and carpellate

flowers on the tree and by their expansion at different times (male-female

or vice versa) (eg M usheaian, Stout). Some species have been found to

be self-fertile (e.g., A. campestre. A. Ginnala. A. Pscudo-Plantanus, and
perhaps .1. rubrum). others self-sterile (e.g.. .1. platanoides. A. saccharinum

.

A. spication; cf. Pjatnitzki). Parthenocarpy and rarely apomixis have been
recorded in A. Xegundo and its hybrids with A. platanoides.

Chromosome numbers have been investigated in about 31 species, all

of which are diploid {A. platanoides also sometimes triploid) with In =
26, except three tetraploids I

' /\, I . sat ckarinum, and A.

carpinifolium), and .1. rubrum (2n : 78, 104). It has been suggested that

the basic number 13 might have arisen either through multiplication of

an original chromosome set of 5 (Takizawa, 1952) or from one of 12

(Meurman).

With the exception of Acer X Borumitrllrri Borbas (,1. campestre X
monspessnlanion). all of about IS known intra- or intersectional hybrids

are either artificial or of spontaneous garden or nursery origin. The at

least partly fertile artificial hybrid, ,1. Xegundo 9 X platanoides $,
reported from the U.S.S.R.. is of special interest as being between species

of presumably very remotely related sections.

Floral anatomy, investigated in 11 species (Hall, 1951, 1961), revealed

eight different anatomical types mostly corresponding to Pax's sections.

On the basis of leaf anatomy (studied in 85 species by Warsow), a few

changes in Pax's classification have subsequently been made by Rehder
(1905, 1940). Pojarkova ( 193(> ) . and Momotani (1962). Petiole anatomy,
investigated in 55 species (in great detail in 42 species by Watari), though
variable and complicated, seems mostly to be in agreement with Koidzumi's

delimitation of the sections (slightly different from that of Pax) and is

hardly in favor of any generic segregation. Fruit histology (Momotani.
1961 )

for about 55 species seems to support the classification of the genus
used here. Seed proteins have been investigated in 45 species (Momotani,
19o2). but the data are quite incomplete in terms of the whole genus;
further investigations in this field are very desirable.

Many species, domestic and foreign, yield valuable timbers. The sap of

A. saccharum is the source of maple syrup and sugar of considerable eco-

nomic importance. Numerous species are of high ornamental value as

garden and park plants and or shade trees (cf. Mulligan).
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(1886) is conspeciln with ' barbatum (ISO,-.)
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Fraser. C. G. Induced hermaphrodism in Acer Negundo L. Torreya 12: 121—

124. 1912.
|
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(Acer rubrum). U. S. Dep. Agr. Forest Serv. Northeast. Exp. Sta. Pap.

142. 18 pp. 1961.*
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Familien aus der Englerschen Reihe der Sapindales. Thesis. 98 pp. Zurich.
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Bot. Sada 19: 128, 129. 1954. [Includes notes on lloral biology and phe-

nology of A. saccharinum.]

Nieuwland, J. A. Box elders, real and so-called. Am. Midi. Nat. 2: 129-142.

1911.

Nikolaeva, M. G. The causes of seed dormancy in Acer Negundo L., Fraxinus
pensylvanica Marsh., and Berberis vulgaris f. atropurpurea Regel. Acta
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Nat. 12: 499-503. 1931, 15: 784. 1934; and Roi ssfai . Contr. Inst. Bot.

Univ. Montreal 35: 1-66. 1940.]
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var. typicum Schvv. Ibid. 5: 263-293. pi. 2. 1944. [Includes chromosome
counts for 13 spp., n = 13, In = 26.]

Taylor, W. R. A morphological and cytological study of reproduction in the
genus Acer. Contr. Bot. Lab. Univ. Penn. 5: 112-138. pis. 6-11. 1920.
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not investigated. Nodes 3-lacunai . pi lacunar in I nikoense Maxim.,
and 3-, 4-, or 5 lacunar in I. Oliverianum var. Nakaharae Hayata.]

West, E., & L. E. Arnold. The native trees of Florida. 212 pp. Gainesville.

White, D. J.
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Trees or shrubs distinguishable from the closely related Sapindaceae

by the opposite, 5-11-foliolate, palmately compound leaves; relatively

large, showy, irregular flowers in ample terminal thyrses [or panicles]

;

and capsules with large chestnut-like seeds. (Paviaceae Horaninow, 1834;

Aesculaceae Lindley, 1836.) Type genus: Aesculus L.

A family of two closely related genera, Aesculus, of the North Temperate

Zone, and Billia Peyr., of tropical America (southern Mexico to north-

western South America). Hippocastanaceae, the closely related Aceraceae,

and perhaps the Bretschneideraceae are regarded as having been derived

independently and on different lines from the ancestral Sapindaceae (cf.

Hardin, 1957d).

Hardin, J. W. Studies in the Hippocastanaceae, I. Variation within the i

fruit of Aesculus. Rhodora 57: 37-42. pi. 1205. 1955; I

structure and distribution of perfect flowers. Am. Jour. Bot. 43: 418-424.

1956; III. A hybrid swarm in the buckeyes. Rhodora 59: 45-51. 1957a; IV.

Hybridization in Aesculus. Ibid. 185-203. 1957b; V. Species of the Old

World. Brittonia 12: 26-38. 1960.

. A revision of the American Hippocastanaceae. Ibid. 9: 145-171. 1957c.

[General part.]

. A revision of the American Hippocastanaceae— II. Ibid. 173-195.

1957d. [Taxonomic treatment.]

Heimsch, C, Jr. Comparative anatomy of the secondary xylem in the

"Gruinales" and "Terebinthales," of Wettstein with reference to taxonomic

grouping. Lilloa 8: 83-198. pis. 1-17. 1942. [Hippocastanaceae, 153-155,

177, 178, 189.]

Kramer, P. R. The woods of Billia, Cashalia, Henoonia, and Juliania. Trop.

Woods 58: 1-5. 1939. [Billia, 1, 2.]

Pax, F. Hippocastanaceae. Nat. Pflanzenfam. III. 5: 273-276. 1895.

. Hippocastanaceae DC. Pflanzenareale 2: 8. map 8. 1928.

Plouvier, V. Nouvelles recherches sur le quebrachitol des Sapindacees et

Hippocastanacees, le dulcitol des Celastracees et la saccharose de quelques

autres families. Compt. Rend. Acad. Sci. Paris 228: 1886-1888. 1949.

[Aesculus Hippocastanum L., A. flava Ait., A. Pavia L., and A. californica

Nutt]
Record, S. J., & R. W. Hess. Timbers of the New World, xv + 640 pp. pis.

1-58. New Haven. 1943. [Hippocastanaceae, 188, 189.]

Rehder, A. Manual of cultivated trees and shrubs, ed. 2. xxx + 996 pp. map.

New York. 1940.

Sargent, C. S. Manual of the trees of North America (exclusive of Mexico).

ed. 2. xxvi + 910 pp. map. Boston and New York. 1922. [Hippocastana-

ceae, 702-711.]

4 pp. Jena. 1959.
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1. Aesculus Linnaeus, Sp. PI. 1: 344. 1753 ; Gen. PI. ed. 5. 161. 1754.

Trees to small shrubs. Leaves opposite, palmately compound, 5-11

(usually 5-7)-foliolate, manifestly petiolate, deciduous; leaflets thin to

subcoriaceous
|
or coriaceous |, variable in size and shape, the central leaflet

usually the largest, usually petiolulate [or sessile |, serrulate to serrate or

doubly-serrate
|
rarely nearly entire.

|

Plants andromonoecious; flowers

showy, irregular, S and bisexual, pediceled, in terminal thyrses composed

of ciiicinni each of which is subtended by a small bract. Sepals 5, whitish,

yellowish, or reddish, connate to -', or more [or less
|

of their length into

an equally or unequally 5-lobed
|

sometimes 1- or 2-lipped
|

campanulate

to tubular calyx often oblique and gibbous at base on the upper side. Petals

4 or 5, subequal or unequal (the upper pair longer and narrower than the

lateral), clawed (the claw often wide, with involute margins clasping a

staminal filament), white to yellow, scarlet or red. Disc annular or lobed,

usually one sided. Stamens usually (> S
|
rarely 5|, exserted or included;

filaments white; anthers yellow, orange or reddish, usually glandular at

the tip and at the base of each anther half; pollen medium sized, 3-colpate,

subprolate or prolate, striate-reticulate. Gynoecium rudimentary and

stalked in 6 flowers; stigma terminal, small, simple or obscurely 3-lobed;

style single, subulate, elongate, often arcuate, deciduous; ovary sessile, 3-

locular (rarely 2- or 4-locular) ; ovules 2 in each locule, superposed, sessile,

campylotropous (or amphitropous? ) , 2-integumented. with a thick nucellus.

Fruit subglobular or obovoid. variable in size; pericarp leathery, thick or

thin, pale to dark brown; smooth, tuberculate or .spiny; seeds usually 1-3

(occasionally 4-6). dark chestnut-brown to light orange-brown, with a

pale "hilum" (pseudohilum) of variable size; embryo large, filling the

seed cavity at maturity (nuclear endosperm abundant in early stages);

cotyledons unequal, thick, hemispherical, usually inseparable (conferrum-

inate), incurved on a short radicle lying in a pocket formed by an infolding

of the testa; plumule distinctly 2 -leaved. Lkctotvpk spkciks: .1. Hippo-

castanum L.; see N. L. Britton, N. Am. Trees 657. 1908. (The ancient

Latin name of some oak, applied by Linnaeus to this genus; etymology of

name obscure.) — Horse-chestnut, buckeye.

A genus of about 13 species in live sections, ol disjunct deUnbulion m

the North Temperate Zone in North America (7), Asia (5), and the

Balkan Peninsula of Europe (1 species). One Asiatic species, Aesculus

assamica Griff., extends into the Tropical Zone as far south as northern

Siam and northwestern Indochina. Live species occur in our area; s
.1.

cali) arnica (Spach) Nutt. ex Torr. & Gray ($ Calothyrsus (Spach)

Koehne) is restricted to California, and ,1. Parry! (hay ($ Parryanae

Wiggins) to northwestern Haja California.

Including only a single distinctive species, sect. Macrothyrsus (Spach)

Koehne (Deutsche Dendrol. 384. 1893). comprises spreading shrubs or

small trees with elongate columnar inflorescences (20-30|-50| cm. long);
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petals 5, white, subequal; and stamens 3-4 times the length of the petals.

Aesculus parviflom Walt. (,i, waerostaehva Michx.). bottlebrush buck-

eye, In = 40, apparently is endemic to Georgia and Alabama. It occurs

"in the Coastal Plain of southwestern Georgia ind v-utheastern Alabama

(along the Apalachicola River), and through central Alabama from Clarke,

Butler, and Monroe Counties north and off the Coastal Plain into Frank-

lin, Blount, and Etawah Counties." Early records of the occurrence of

this species in eastei i '^niu'v.i south '• ai >lina. and Florida have been

questioned, but the type specimen of .1. macrostachya was collected "ad

up.i, mini Sa.Him.ah |i i.i irbi ulam '-/ l//^/s//
[

Uigusta, Richmond

County, Georgia]" (Michaux, Fl. Bor.-Am. 1: 220. 1803). This species

is stoloniferous and is usually found in dense colonies or clones in rich

woods on calcareous soils on shad\ hillsides, on river and stream bottoms,

or on rocky and sandy banks. The species seems to be most closely re-

lated to those of the Asiatic-western American sect. Calothyrsus.

The exclusively eastern North American sect. Pavia (Mill.) Walp.

(Repert. Bot. Syst. 1: 423. 1842) comprises four highly variable,

closely related, sympatric species characterized by broad pyramidal inflor-

escences (10-15 [-25
J
cm. long); petals 4, yellow or red, nearly equal or

mostly unequal; and stamens included or exserted to twice the length of

the petals. Hybridization and introgression between the species seem to

be common; flowering dates for all four species overlap.

Of wide range, lesculm glabra Willd. vai glabra Ohio buckeye, In =

40, a tree 10-30 m. tall, or a sin ul. uuhfxuted i minis yllowish neaib

equal petals, fruits usually spiny tuberculate. and leaves with 5-7 oval-

oblong to elliptic-obovate leaflets, occurs in our area in northern Alabama,

central Tennessee (with outlying stations in eastern Tennessee, central

Alabama, and east-central Mississippi), and western Arkansas. It extends

to Missouri, Iowa, Indiana, southern Michigan, eastern Pennsylvania, and

Kentuck} Hie distinctive vai areata ( Buck! ) Robin i hrub oi mall

tree, the leaves with 7-11 narrow leaflel I :nua : ai both ends, inter-

gades with var. glabra in western Arkansas; its principal range is beyond

„ L ii limits in :ansis OKI. honvi, and Te.vi .

T
'.<itli varieties usually grow

in fertile bottomlands of rivers and streams, or in rich calcareous soils on

hillsides and in flat woodlands.

primai-ib vppahi hian i sculi, o< audi ' lai I (.-I " / ' Vi< i - H<»

or sweet buckeye, 2n = 40, usually a large tree 20-30 m. tall, with in-

cluded stamens yellow tint pial p i

]

!i| tat( glands on the pedicels,

and smooth or somewhat scaly or pitted fruits, ranges from northern

Georgia, northeast ei \ ibatna ind ccntr; renin c, through eastern

Tennessee, western South and North Carolina, western Virginia, eastern

Kentucky, and West Virginia to southwestern Pennsylvania and southern

Ohio, thence along the Ohio River bluffs to southern Indiana and Illinois.

A plant of rich forest soils, "it is often a dominant, or more often the co-

dominant, with Tilia heterophila Liriodendron fid/pih a and [en

saccharum, in the cove forests of the Blue Ridge, Smoky, and Cumberland

Mountains."
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Usually a shrub 1-3 m. tall, more rarefy a tree to IS m.
7
Aesculus sylva-

tica Bartr. (A. neglecta of many authors, not Lindley), the Georgia buck-

eye, further characterized by yellow to often reddish petals and eglandular

pedicels, occurs mainly in the Piedmont from southern Virginia south

through the Carolinas and Georgia to northeastern Alabama and north-

ward into eastern Tennessee, growing in many different habitats and soil

types. "Many populations of .1. sylvatica are quite variable in many char-

acters, as a result of introgression from .1. Pavia or .1. octandra, or both.

. . . The great variation in the
[

petal
|
color (yellow to red), characteristic

of many population i , thouMii i
i he due to introgression with A. Pavia"

(Hardin 1957d; cf. 1957a, b). Aesculus Pavia L., red buckeye, In = 40,

also a shrub or small tree, with scarlet, red, yellowish-red, or yellow petals,

the petals stipitatt ! lu ti on tl i rj i nd I occurs from cen-

tral Florida (Orange County) northward to (astern North Carolina and

westward to eastern Texas, extreme southeastern Oklahoma, Arkansas,

western Tennessee >uthe tern Mi >uri and southern Illinois. It is

usually a plant of well-drained soils in pinelands, mixed pine and broad-

leaved forests, and oak-hickory flat woods, Aesculus Pavia has often been

separated into several varieties or even species. "When the entire species

is examined, however, there is no real degree of discontinuity which would

separate any of the variants. ... A conspicuous clinal variation exists

from east to west in two characters, the calyx length and the pubescence

of the lower leaf-surface. The calyx becomes shorter and more campanulate

westward, and there is a gradual increase westward in the percentage of

shrubs in a population with tomentose or woolly leaves.
1

' The yellow color

!»f flic petals "in eastern populations, and west to Texas, is considered a

result of the influence of .1. sylvatica and .1. glabra through introgression.

On the other hand, the populations of A. Pavia [representing a variant]

in the extreme western part of its range are typically yellow."

This section is considered by Hardin to have been evolved on a line

independent from that of the four other more or less interrelated sections,

and its closely related species "were presumably derived from an ancestral

form (or forms) which was a relic of the Arcto-Tertiary forest that per-

sisted through late Tertiary and Pleistocene in the Appalachian refugium."

The genus itsell pi. innhl \-
i A n < h m - U like ancestor, and

Central or South \m th i upp > d to be its center of origin.

. i. > only staminate and bisexual flowers have been recorded in

our species, at least in Aest ulus Hippocastanum occasional carpellate flow-

ers with the stamens either losing their anthers before dehiscence or having

more or less closed anthers with nonfunctional (shriveled) pollen seem to

occur. The bisexual flowers are either proterogynous (e.g., A. Hippocas-

tanum, A. glabra) or proterandrous (e.g., .1. parolflora). Close-pollination

in an inflorescence seems to be prevented by the expansion of male and

bisexual flowers a I - < I i lilierent (inn apparent! in a male-bisexual

sequence. An extensive study of the floral biology of our species, however,

has not been availal le. A i o inum is believed to be self-

fertile. Bumblebees are considered to be the main pollinators in all the
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species except A. parviflora, which appears to be pollinated by moths.
The reported occurrence of polyembryony in A. Hippocastanum (see

Penzig, p. 222) should be verified. Chromosome numbers, known in six

species representing four sections and in a few hybrids, are invariably In
= 40, except In = 80 in A. X carnea Hayne {A. X rubicunda Loisel.),

an amphiploid intersectional hybrid between A. Hippocastanum and A.
Pavia, and 2w = 60 in A. X i ' h terile backcross be-
tween A. X carnea and A. Hippocastanum. Both of these hybrids are of

garden origin. Intrasectional hybrids are known only within sect. Pavia.
Hardin (1957b) mentions seven hybrids, both under cultivation and/or in

natural populations. Two of these, both of garden origin, are triparental,

i.e., A. X arnoldiana Sarg. {A. glabra X [A. octandra X A, Pavia}), and
A. woerlitzensis Koehne {A. octandra X [A. Pavia X A. sylvatica]), the
latter apparently also occurring wild.

Many species, varieties . id hybrids of Acsadus (e.g., A. Hippocasta-
num, of southeastern Europe, A. X carnea Hayne. A. parviflora, and species

of § Pavia) are planted for ornament or shade, and a few species are a
source of commercial timber. The glucoside aesculin, present in all organs,
but especially in the bark and bud scales of A. Hippocastanum, seems to

have some application in plant cytology (see Sharma). All species of our
area are considered poisonous to livestock.

See also under family references Hardin (1955-1960, 1957c, 1957d), Pax
(1895. 1928), Record & Hess < pp. 188, 189), and Sargent (pp. 702-711);
under Aceraceae see Kurz & Godfrey (pp. 225. 226).

Avery, G. S„ P. R. Burkholder, & H. B. Creighton. Production and distribu-

tion of growth hormone in shoots of Aesctdus and Mains, and its probable
">l" in simulating nimhuil activity. Am. Jour. Bot. 24: 51-58. 1937. [A.
Hippocastanum and A . carnea

|

Baehni, C, & C. E. B. BuNXhR Le> lai^eaux vasculaires dans 1'ovaire de
[ ! vr»/;.o pat iflora ' indollea 14: 85-91. 1953.

Bezancer-Beauquesne. L. A propos du marronnier d'Inde (Aesctdus Hippo-
castanum). Ann. Pharm. Fr. 15: 124-126. 1957.*

|
Morphology.

]

Borthwick, H. A. Light elicit- on tm growth and eed nermination Ohio
Jour. Sci. 57: 357 364. !<J57.

|
,1 [lippocustumtm. 360.

]

Britton, N. L. North American trees, x 4- 894 pp. New York. 1908.

\
Aesctdus, 65 7-662.]

Brsn. E. V. Notes on Acsadus species. Am. Midi. Nat. 12: 19-26. 1930.
\A. glabra, I'Jahru rK ula nd 1 HuckleyiA

Carmean, W. H. Sil\ I 'ur ,kj! ii o\ \ Ho liii.l. v I 1 octandra]. U.S.
Dep. Agr. Forest Serv, Centr. States Forest. Fxp. Sla. Misc. Release 29.
16 pp. 1958.*

Fernald, M. L. Overlooked species, transfers and novelties in the flora of
eastern North America. Rhodora 46: 1-21, 32-57. pis. 807-816. 1944.
\A. sylvatica Bartr. (A. neyjecfa Lindlj and A. ftoridana Bartr., 47, 48.]

Foster, A. S. Investigations on the morpholo s id c< up native history of
development of foliar organs. I. The foliage leaves and cataphyllary
structures in the horsechestnul (Aesculus Hippocastanum L.). Am. Jour.
Bot. 16: 441-501. pis. 40-50. 1929.
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Freeman, O. M. Notes on some plan! associations in Greenville and Pickens

counties. South Carolina. Ca.stanea 23: 46-48. 1958. |,1. Pavia. 47.
|

Geneves, L. Sur la role des ecailles dans la resistance an t'roid des bourgeons (le

Marronicr Aeseulus llippocaslanua, Compl Rend -id u 'an ' H
2083-2085. 1957.

Halloran, A. F. The occurrence of persimmon and buckeye in the Wichita

Mountains Wildlife Refuge. Proc. Okla. Acad. Sci. 39: 4, 5. 1959. \A.

glabra var. arguta.
|

Hardin, J. W. The status of Lindley's Aeseulus neglecta. Rhodora 62: 12 7—

129. 1960. [ A. X neglect a Lindl. (pro sp. ) A. octandra X A. sylvatica;

syn.: A. X glaucescehs Sarg. (pro sp.).]

Heldreich, T. von. Beitriige zur Kenntniss des \aterlands unci der geo-

graphischen Yerl.reitung der Rosskastanie, des Nussbaums und der Buche.

\"erh. Bot. Vcr. Hi-aiulenhui -g 21 ( Sitz-ber.): 139-153. 1880. [-1. Hippo-

eastanum. 139-147.
|

Hoar, C. S. Chromosome studies in Aeseulus. Bot. Gaz. 84: 156-170. pis. 3-5.

1927.

Holden, R. Some features in the anatomy of the Sapindales. Bot. Gaz. 53:

50-58. pis. 2, 3. 1912. \Aesculus. Acer. Sapiudus. and Staphylea.\

Knuth, P. Aeseulus. Handbuch der Blutenbiologie. 2(1): 218-221. 1898;

Li. H. L. The storv of the cultivated horse-chestnuts. Morris Arb. Bull. 7:

85-39. 1956. {Aeseulus.}

Mathies. H. Cber die Chemie, Pharmacologic und Klinik der Rosskastanie

(Aeseulus). Planta Med. 2: 129-138, 148-158. 1954.*

Merz, R. W. Silvical characteristics of Ohio buckeye. U. S. Dep. Agr. Forest

Serv. Centr. States Forest Fxp. Sta. Misc. Release 16. 12 pp. 1957.* [A.

Muller, D. Adventitious roots from trunk of horsechestnut. (In Danish.)

Dansk Skofor. Tidsskr. 34: 527. 528. 1949.*

Newell, J. H. The tlowers of the horsechestnut. Bot. Gaz. 18: 107-109. 1898.

\A. Ilippocastaniim. apparently self-fertile.]

0STERGAARD, J. The horsechestnut. II. (In Danish.) Uorticultura 11: 107-111.

1957.* | History.
|

Paris, R. Composition cliimi(|iie du icLUiment seminal el dn pericarpe de marron

d'lndc (Aeseulus Ilippocastaniim h.) . Ann. Pharm. Fr. 9: 124-128. 1951.*

Penzig, O. Pflanzen-teratologie. ed. 2. vol. 1. ix + 548 pp. Berlin. 1921. \A.

Ilippocastaniim. occurrence of pinnate leaves. 220, 221; polyembryony,

222.]

Pevre, P. Sur les marromers indigene

|

Mainly A. Ilippocastaniim. chemis'

phytotherapy.]

Pijl, L. van ni-.R. On the arilloids of Xcp/telium. Euphoria. Litchi and Ai

and the seeds of Sapindaceae in general. Acta Bot. Need. 6: 618-641

Reppel, L. Die Cumarine der Rosskastanie (Aeseulus Uippoi asian.-i

Planta Med. 4: 199-208. 1956.*

Robertson, C. Flowers and insects. Trans. Acad. Sci. St. Louis 7: 1!

1896.
\
Aeseulus. 159-461.1

Sargent, C. S. Aeseulus. Silva N. Am. 2: 51-62. pis. 67-72. 1891;

pi. 622. 1902; 14: 99. 1902.

Saverlorv S„ & K. E. Danielsson. On a globulin occurring in the
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chestnut. Sv. Kern. Tidskr. 55: 155-159. 1943.* [The name hippocastanin
is proposed.

]

Schneider. C. K. Illustriertes Handbuch der Laubholzkunde. vol. 2. v + 1070

pp. Jena. 1907-1912. \Aesculus, 246-253.]

Sealv. J. R. A new hybrid Aesculus. Jour. Roy. Hort. Soc. 81: 420-423. 1956.

I

Oalli torn \ t\>> chirn mi peridinalh \ ef h\'hrid;a intci A Hippocas-
tanum L. et A. octandra Marsh."]

Shannon, W. P. The buckeye canoe of 1S40. Proc. Indiana Acad. Sci. 1894:

130. 131. 1395. (The I ree of A. octandm. i'toiii which the canoe used in the
politii il i i mai< n in 1340 was mail

i ured t ndi i '7 ft <) in in

circumferenci il 1 ft from il» ground inJ w; 90 ft from (lit ground to

the first limb.]

Shantz, E. M., & F. C. Steward. The general nature of some nitrogen-free

irrmvth-promoting substances from Aesculus and Cocos. (Absj IT. Physiol.

30< Suppl.'): xxxv. 1955.
|
Sec also I hid. 31 ( Suppl. ): xxxix. 1956, a progress

Sharma, A. K. Aesculin: its use in detecting double fertilization and chromo-
some structure of various organs of plants. ( Abs. ) Int. Congr. Genet.
Proc. 10: 260. 1958.*

Skovsted, A. Cytological investigations of the genus Aesculus L. with some
observation^ on . <t!i ca, ca Willd., a tetraploid species arisen by
hybridization. Hereditas 12: 64-70. 1929.

Small, J. K. Aesculus parviflora. Vddisonia 2: 45, 46. pi. 63. 1917. [See also

Garden Forest 7: 444. fiy.. 70. 1894.]

Upcott, M. The parents and progeny of Aesculus camea. Jour. Genet. 33:

135-149 pis I 2 1056
[

. mil i lirmj mil the formation of an oc-

casional bi\ lent hi ill, parent pcci o hi el rploid I he h> brid must
therefore be regarded as octaploid."]

Wang, D. T. Karyokinetic study on Aesculus chinensis Bunge. Bull. Fan
Memorial Inst. Biol. Bot. 9: 195-200. pi. 25. 1939. [n = 20.]

Yeo, P. F. The identity of Aesculus ncKlccta Lindley and A. neglecta
I rythrobfastos Bailey;i 8: 59-61 1900
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The work of the Arnold Arboretum includes the maintenance and

study of a collection of living plants, the preservation and use of herbarium

specimens and library books, and the pursuit of botanical and horticul-

tural research with the results being made available through publications

and by educational programs. In each of these areas the annual records

are cumulative. In our northern temperate climate the variations of the

environment from year to year are readily observable in the flowering

of the trees and shrubs of the living collections. The records of the

institution, many dating back nearly ninety years, allow comparisons.

The past winter with its unusual ice storms adversely affected some plants,

but proved favorable for others, and the spring season was marked by

an unusually beautiful flowering display of crab apples, lilacs, and ever-

green rhododendrons. An active staff published collectively over 65

papers during the year, while continuing its regular curatorial activities

involving the many collections. A large number of educational programs,

ranging from lectures and guided tours to courses and correspondence, were

also part of another busy year.

Staff:

The staff was saddened by the death of Dr. Clarence E. Kobuski, on

May 9, at the age of 63. Dr. Kobuski came to the Arboretum in 1927,

and his death ended 36 years of contribution to the Arnold Arboretum,

interrupted only by wartime service in the United States Army. His was

a period of dedication second in length only to those of Charles Sprague

Sargent and Alfred Rehder. In his early years he came to know well

woody plants under cultivation, as an assistant to Rehder, and later as an

editorial assistant in the preparation of Rehder's Manual o) Cultivated

Trees and Shrubs and the Bibliography of Cultivated Trees and Shrubs.

His research, involving difficult groups, began as studies of cultivated

plants in the families Theaceae and Oleaceae. As an editor of the Journal

of the Arnold Arboretum and as senior curator of the Arboretum collec-

tions, Dr. Kobuski served and helped every staff member. His efficiency,

his hard work, his knowledge, and his good humor were basic to our

everyday activities. Although the diagnosis of Hodgkin's disease more than

two years ago was known to all, his death was a personal loss to each of

us. An account of his life and a list of his publications is being published

in the Journal of the Arnold Arboretum.
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Three new appointments were made during the year. Dr. Theodore R.

Dudley joined the staff as Assistant Horticultural Taxonomist on May 1,

after completing studies on the genus Alyssum at the University of Edin-

burgh. Dr. Mary E. Sanders was appointed Research Associate for one
year to complete her studies of the cytology and genetics of Sorghum,
using the Arboretum facilities. Mr. William Grime was appointed Cura-
torial Assistant in February, 1963. Dr. Wood completed a one year ap-

pointment as supervisor of the Harvard University Herbarium Building.

In addition, Miss Dulcie A. Powell, of the Institute of Jamaica, Kingston,

Jamaica, was awarded a Mercer Research Fellowship for the year, to work
on the history of early plant introductions and the history of the garden

of Hinton East, in Jamaica. The appointment of Dr. Lalit M. Srivastava

as Mercer Research Fellow was renewed to permit him to continue his

studies of the cambium and its vascular derivatives. Mrs. Claude Weber
was awarded a James R. Jewett Fellowship from the funds of the Arnold
Arboretum, to support her work on the genus Chaenomeles for the year.

Mr. Don M. A. Jayaweera, having completed a series of studies of the

genus Mussaenda and his tenure as a Mercer Research Fellow, returned to

his position as Superintendent of the Royal Botanic Gardens, Peradeniya,

Ceylon. Dr. Wallace R. Ernst, who has been working on the generic flora

of the southeastern United States, under Dr. Wood's direction, resigned

at the end of the fiscal year to accept a position at the United States

National Museum.
Several members of the staff received honors or special committee assign-

ments during the year. Dr. Donald Wyman was appointed chairman of

the Awards Committee of the American Horticultural Society and was
elected vice-president of the International Dendrological Union. Dr. Shiu-

Ying Hu was one of two individuals selected as the first honorary members
of the Korean Botanical Society. Mr. Peter Green was appointed to the

committee of the International Organization for the Study of the Taxon-
omy of Cultivated Plants. This committee, formed at the XVI Inter-

national Horticultural Congress, will function as an organization within

the International Association for Plant Taxonomy. Dr. Schubert was
appointed to the Publications Committee of the Association for Tropical

Biology.

Horticulture:

The past year was notable for its cool summer and a winter made scen-

ically beautiful by a series of ice storms. Unfortunately, these same storms

severely damaged many flower buds and killed to the ground plants of

Ilex, Weigela, and Deutzia. This damage to particular genera was common
in the northeastern states and also occurred as far west as Ohio. One
storm in January that began as a freezing rain coated all plants with ice

which persisted for seven days in protected locations. Fortunately no

wind accompanied this storm, and breakage of branches was minimal.

This was but one of seven occasions in January and February when ice

coated the living collections for periods exceeding 24 hours. In contrast
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to the damage to above-ground portions of these genera, the quality and

time of flowering was noticeably altered in Forsythia. Magnolia, and the

azaleas. On the other hand, these same winter conditions appear to have

favored the ornamental nab apples which ilowered profusely nearly a week

ahead of their normal time, the lilacs which persisted in peak of bloom

for nearly two weeks, and the evergreen rhododendrons which seemed

more llorilernus than usual.

Two major improvements were made on the grounds during the year.

The Department of Parks and Recreation of the City of Boston continued

its program of road improvements in the Arboretum, completing the re-

surfacing of a section of road near the Fagus collection and the circular

road on Peters' Hill. The top of Peters' Hill, one of the highest points in

Boston, has often been suggested as an ideal point for a vista over the

Arboretum grounds. Previously only accessible in dry weather, the De-

partment of Parks and Recreation has now begun an all-weather roadway

to the area. Two large dry wells were built to handle the road drainage

and the approach road has been started. Eventually a circular drive,

forming a turn-around at the top of the hill, will make this area easily

available to visitors.

A division of costs with the City of boston permitted the installation

of a new concrete storm sewer across the lower portion of the greenhouse

tract of land from Centre Street to the linden collection. The existing

ancient sewer had collapsed in places, creating a hazard to visitors and

permitting flooding in the Tilia-Arsniiiis collections after heavy rains.

The meadow area of the Arboretum in front of the Administration

Building, has been subject to hooding in recent years, and the resulting

high water table has had a damaging effect on the meadow-road plantings.

With the installation of the storm sewer at the greenhouse area the water

level in the meadow can be controlled by cleaning out the silt-filled

ditches. This effort succeeded in improving the drainage pattern so that

the water table was reduced by one foot.

New gates, installed at the Kussey Street entrances to the conifer collec-

tion and to the Peters' Hill area, not only improved the appearance of

these areas, but has allowed better control of the properties during off

hours. A fence was placed along South Street and around the property at

383 South Street for increased protection of this entrance to the grounds.

The area behind the Administration building which was largely occu-

pied by mass plantings of Fnrsvlhia and Connis was cleared in part, to

allow room for expansion 01 i. -
h o i • d \d

ministration Building and adjacent to the Arborway, another area was

cleared during the winter to improve the growth of the willow collection

and to allow the establishment of plantings of colorful azaleas which

will be visible across the meadow in the future. The wooden trellis hold-

f the climbing plants in the Arboretum collection was in need

of repair and now has had most of the overhead cross pieces replaced.

An unusually large amount of compost and mulch materials, as well as

of top soil, became available in the boston area during the year and was



1963] THE DIRECTOR'S REPORT 505

purchased or accepted as gifts, with gratitude. This was placed on the

living collections or stock-piled for future use. The large supply of cocoa
shells resulted from the closing of a cocoa processing plant which in recent

years has made available large amounts of valuable mulching material.

Again, we must renew our search for additional low-cost mulch material.

In the previous fiscal year the efforts of the grounds staff were concen-

trated on removing Arboretum collections from the property of the Bussey
Institution, in re-establishing the hedge collection, and on landscaping

the greenhouse area. With this work completed during the autumn
months, the work described above could be undertaken and the regular

planting program renewed. During the year over 500 specimens of trees

and shrubs from the nurseries at the Case Estates were planted in the

collections at Jamaica Plain.

During the spring we completed the first year of operations in the

Charles Stratton Dana Greenhouses. As these structures differed in size

and plan from those formerly used it was expected that a period of adjust-

ment to the new physical arrangements and environments would be re-

quired. Greenhouses do have individual environmental characteristics

and the experimental program of the past year has indicated the methods
of optimal use of e; i h \ mi : propagation system, formerly out-of-doors

and usable only in thi mmen onths has been established in one house:

a second house is devoted to plastic tent propagation techniques as well

as the processing of seeds and the grafting of plants ; while the third house

contains the teaching and research collections used by the staff. The new
class facilities of the Dana Greenhouses were used by Mr. Fordham in

condueling a plant propagation das often c ion The laboratory for

cytology and moip mh l- k Win used by Dr. Sanders and other mem-
bei . i the l, hi

Two oi < n inter* tm -In don w n enhanced h\ special gifts.

Through the kindness of Mr. William T. Gotelli, of South Orange, New
Jersey, Mr. Fordham was able to obtain propagating material of 84

dwarf or abnormal conifers not previously i pr< ented in our collections.

Mi Gotelli had previou l> donated !0 cultivars of tree peonies in 1958,

and an additional 14 in 1961. During this year his gift of 34 more cul-

tivars has been added to the collection located near the Viburnum plant-

ings. In this locality the plants have pro pi n d and, in the spring, flowered

profusely.

The activities of the men in the plant propagation area of our opera-

tions are practical and experimental, concerning both the established

plants and the introduction of new taxa. Some of the very old plants

in the Arboretum are approaching senescence, while others are failing

because of storm d mage or in -ctatl i
1 Regulai m e\ of tin round

are mad to lo< t« , nd
i

i<| agal i h pi ml iot repla m< il 'iant

which have done well Inn u lev in numb i re also p opagated for proper

preservation oi displ \ >urin» Ih veai ' pecii ind varieties in our

established collections were processed for such reasons. In addition, new
taxa wen i ceivi ! foi (rial a In in" pi nip - mum' oi ed Dm im>
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the past fiscal year the Arboretum received 174 shipments of plant mate-

rials representing 700 species and varieties from 14 countries, not including

the United States, and 80 shipments of seeds representing 132 taxa from

24 countries, not including the United States. To aid the staff in taxonomic

or analytical problems 172 different kinds of plants were propagated. To
acquire propagation data on species difficult to reproduce 74 taxa were

handled experimentally.

Still another aspect of the work of the plant propagation staff is the

distribution of plant materials for hardiness trials, for other experimental

purposes on request, or as gifts or exchanges when the required material

is not readily available from other sources. During the year the shipments

of plants as living specimens, including seed.'., numbered 321 shipments

comprising 1227 species and varieties to a total of 15 different countries.

The >.-<;:! ol tin's .:• i»i-(! of cur activities in labor, supplies, and postage is

compensated by tin- receipt of equivalent malonals in exchange from other

organizations, by similar cooperation for our research needs, and by the

invaluable factor of the good will established both in the United States

am of plant distribution to cooperating

i>oo' .mim in i'call\ identified species and varie

standing horticultural characteristics. Thirty-fh

lurserymen described

by making available

of plants with out-

urseries and botanic
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gardens in 25 states and 5 foreign countries requested materials from a list

supplied to them. Fulfilled requests for specific materials amounted to 123

shipments of 442 taxa to nurseries and botanic gardens. Unusual requests

for soil samples; plant parts for analysis, cancer chemical screening, or

animal nutrition studies; preserved stems, or flowers, or pollen for breed-

ing programs represented shipments of 639 taxa during the year.

Surplus plants were supplied for threi idel epai ited hardiness trial

programs of interest to the staff of the Arboretum. The Vermont Agricul-

tural Experiment Station, Burlington, Vermont, received 70 species and

varieties over the past two \e u . th< ! -gional Pl.mi I nl reduction Station,

Ames, Iowa, was sent 51 different kinds of plants for trial and evaluation

ii ih- * ,nli (Vil>.d k< 1( ii.il Planting nt tin Om.i nental and Shelter

Plant Introduction Program. Other plants for tolerance of hardiness ex-

periments were sent to the fu till Vrboretum, Elimaki, Finland, the

northernmost arboretum in the world, and to gardens in Puerto Rico,

Trinidad, and Honduras for checking of their tolerance of heat.

We receive requests from newly formed arboreta for surplus plants, or

specific plants, and attempt to aid these institutions as well as schools

which request material to diversify their plantings for educational pur-

poses. During the year we supplied collections ranging in number from

17 to 150 species and varietie t< >uch placi the Bristol County Agri-

cultural School; the town committees of Chelmsford and of Weston,

Massachusetts; the Meeting House School, West Rindge, New Hampshire;

and Union College in Schenectady, New York. A specific request for

plants cultivated in the 18th century in New England was received from

the Board of Managers of historic Gore Place, in Waltham, where an

attempt is being made to recreate the origin; I landscaping of the grounds.

A number of species and a few available old cultivars were supplied as a

gift.

Work in the taxonomy of cultivated plants is a major effort of the staff.

One recent issue of Arnoldia described the new cultivars registered by the

Arboretum during the past year. A new registration list of cultivars for

, v / / id ,i su.)[ i •! I. ia list tm Sviin ,i <\ue published. Some

,i ii< in . ii in ,m nid i' < >-t\ mil m'h k i i« . • l> th -t[)..[ Inn

present special taxonomic problems. Mr. Green undertook a survey of a

selected number of the plants introduced to the Arboretum in recent years

to check the nomenclature adopted. Some interesting problems encoun-

tered will be discussed by him in paper.; in ippmpn il< ioum -K 1 il< .

Two machines for preparing labels were purchased during the year to

add efficiency to our methods of labeling specimens in the living collections.

An electrically operated Graphotype Embosset manufactured by the

Addressograph Company, will replace the more limited hand-operated

machine used previously. A Green Pantograph Engraver was purchased to

prepare labels from black and white laminated plastic for collections of

small-sized plants. Such label ia been ilaced on the lily test-plots, the

ground covers, and perennial garden collections in Weston, and on the

bonsai and dwarf conifer collections at the Dana Greenhouses. Both ma-
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chines produce attractive resistant labels at greater speed tha

realized by our former techniques.

Case Estates:

During 1963 the town of Weston, the locatior

the Arnold Arboretum, marked the 250th annivers

staff of the Arboretum was asked to cooperate by c

work for the occasion and by scheduling the annual Open House at Weston
during the celebration by the town. The Arboretum is fortunate in occupy-
ing a prominent geographic position in this lovely town and is aware of its

privileges and its responsibilities as a tax exempt organization there. Dr.
Wyman has served for many years on the park, cemetery, and the beautifi-

cation committees of Weston He has d .
i i.-. r

, , \ v design of a new
park area. The Arnold Arboretum has contributed 150 trees and shrubs
for the landscaping of it and other localities in the town. Dr. Howard, Dr.

Wyman, and Mr. Draper, all resident on the Case Estates, were respon-
sible for tours of the Estates during the anniversary celebration.

The plantings of the Case Estates are always open to residents of the

town, and many of them take advantage of the labeled displays for study,

or participate in the classes and tours offered. Main roads of the town
pa along ilie boundaries of the Case Estates and road-edge plantings of

crab apples, established in recent years, reached a peak of bloom this year
in time for the ceremonies.

A committee of the town of Weston concerned with the identification of

the oldest houses for the anniversary celebration, verified the location of

its fifty oldest buildings. One Arboretum house, at 131 Wellesley Street,

was built by or for Thomas Rand in 1790. and is now identified on town
maps and marked by a bronze plaque. The town has requested that all

measures be taken to insure the preservation of these historic building's.

During the year. Dr. Scott Pauley and Mr. Albert Johnston, representing
the Cabot Foundation, examined the clonal collections of trees which have
been maintained on the Case Estates for a number of years. Their report
compares the same genetic material planted in iwent\ live test locations in

Massachusetts. There are numerous clones of Popuius and Piuus. and
smaller numbers of other genera. The species and hybrids, as well as the

selections for geographic areas, including altitudinal variations, could be
compared when grown in pure stands or in various combinations in one test

plot. Over the years of their existence the plots have shown survival ratios

from zero to ninety percent for the material outplanted in Weston and
reveal definite indications of potentially profitable breeding combinations.

not only for growth, but for hardiness and borer and weevil resistance. The

following the Scott and Johnston report, for growth as specimen plants

both in Jamaica Plain and in Weston. The value of these plants lies in

the detailed genealogical records and the long and careful selection studies



Above: A frame house built around 1791 by or for Thomas Rand is located

on the Case Estates of the Arnold Arboretum in the town of Weston.

Below: A commemorative plaque, donated by the town of Weston and

buildings in t

; houses of the Case Estates, marks i i ..!<] 1
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Herbarium

:

Additional competent help became available during the year, making
possible a major effort to distribute duplicate specimens to herbaria with

appropriate interests. In recent years this aspect of our taxonomic work
has had to be neglected in favor of the reorganization of the herbarium
and the insertion of mounted material. In contrast to the previous fiscal

year, when only 483 specimens were sent out in exchange, 24,482 speci-

mens were distributed during the fiscal year just ended. These constituted

primarily collections from Indochina and from New Guinea, made by
Arboretum-sponsored expeditions immediately after the close of World
War IT. The Arboretum received during the year 35,431 specimens, either

in exchange, or by subsidy, gift, or purchase. The largest single collection

included was from Dr. Hugh Raup of the Harvard Forest, a collection

made by him in 1948 in Alaska and the Yukon Territory, when he was a

staff member of the Arboretum. Particularly valuable material was re-

ceived from Mr. Myoshe Funise as a set of 1072 specimens collected on a
subsidy. Included in the total number of specimens received were 10,967

specimens obtained in exchange programs with other herbaria and 1900
specimens received as gifts or for identification. We are particularly

grateful for valuable duplicates of historical collections received from the

Museum National d'Histoire Naturelle, Paris.

It is worthy of notice that the number of specimens of cultivated plants

received for identification continues to increase. This is in part associated

with the efforts of the staff in the registration of cultivars, for the

nurseryman and the layman both are aware of the value of correctly

identified plants I >rtunateb the majority of the specimens received are
1 "'' {

'

t
' ' ilion nd \ ill i nr i, ,i > institute an important part of

the record of the distribution of cultivated plants. Other botanical gardens
are now distributing specimens collected from the plants they have under
cultivation, either for checking of the identifications or for records of

growth in a certain area. Mr. Don M. A. Jayaweera, former Mercer Re-
search Fellow, arranged for the Arboretum to receive a collection of

specimens of plants currently under cultivation in the Royal Botanic
Gardens, Peradeniya, Ceylon. The plants of this garden formed the basis

of records for H. V. MacMillan's Tropical Planting and Gardening, and
many of the species received were new records for our herbarium in

Jamaica Plain.

During the year 19,112 specimens were mounted and added to the
|"I> ''im mi •ii" ih.> )t.il < oil. dion to 763,928 specimens. The research
program of the staff requires the study also of herbarium specimens bor-

rowed from other institutions. In the past year requests were made for 77
loans of specimens from 41 institutions, 22 in the New World and 19 in

the Old World. The incoming loans totaled 4421 specimens, or an average
of 57 sheets per loan. The staff received requests for the loan of its

herbarium material from 51 institutions and sent out 128 loans averaging
145 specimens for a total of 18,643 sheets from the herbaria of the Arnold
Arboretum and the Gray Herbarium.
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In addition to the published papers the taxonomic staff has many re-

search projects in progress. Dr. Brizicky is studying the generic limits

within the Sapindales and Geraniales for the generic flora of the south-

eastern United States. He completed, in the past year, studies on the

genera of Anacardiaceae and detailed studies on the generic limits of Rhus,

as well as treatments of genera of the Sapindaceae, Aceraceae, Hippocast-

anaceae, Celastraceae, and Hippocrateaceae. Dr. Dudley completed field

work in Turkey early in the summer and then organized the collections of

that expedition. His field studies of Alyssum, made in the type localities

of many of the species, produced 160 specialized collections of this genus.

The specimens, as well as viable seeds, were basic to his monographic

studies. Since Alyssum is well represented in the Near East he has agreed

to prepare treatments for several regional floras being assembled by euro-

pean colleagues.

Dr. Ernst completed treatments of Capparaceae, Moringaceae, Loasaceae

(with Dr. H. J. Thompson), Hamamelidaceae, Platanaceae, Berberidaceae,

Lardizabalaceae, and Menispermaceae for the southeastern flora project.

Mr. Green continued his work on the Oleaceae, giving special attention to

the genera Osmanthus and Nestegis. Dr. Howard received contrasting

collections for special study during the year. One was of old specimens

collected in the botanic garden at Saint Pierre, Martinique, before its

destruction by the eruption of Mt. Pelee. The other was a collection made

on Inagua, in the Bahamas, during the winter of 1962-63, which pointed

out the immediate need for field work in areas threatened by the rapid

expansion of tourism in the West Indies. Dr. Hu continued her work on

the identification of the accumulated, incompletely identified Asiatic

herbarium material received by the Arnold Arboretum. As these identifi-

cations are completed the duplicate specimens will be distributed to other

herbaria. Dr. Hu has also been assisting botanists in Asia with the verifi-

cation of identifications of specimens collected on Hong Kong and Quemoy.

Quemoy, an embattled island, is closed to collectors and the materials

under study were obtained by a Nationalist Chinese soldier stationed there.

During his illness, Dr. Kobuski attempted to continue his work on the

Asiatic species of Ternstroemia. Unfortunately much of this remains un-

finished, but a few completed portions are being published posthumously.

Dr. Nevling had the opportunity of studying Daphnopsis species in

Puerto Rico and continued his work on the family Thymelaeaceae. Dr.

Perry is completing her studies of the medicinal plants of Southeast Asia

and their various uses throughout their geographic range. Dr. Schubert, in

addition to serving as editor of the Journal oj the Arnold Arboretum,

continued her studies of the genera Begonia, Desmodium, and Dioscorea.

Dr. Wood, who is editing and coordinating the manuscripts prepared by

various individuals for the generic flora of the southeastern United States,

continued the direction of these studies, his own work in this area, and

the compilation of the basic data and materials for the project. In addition

to a number of peripheral papers, treatments of forty-eight families of

flowering plants, comprising over 500 pages of the Journal oj the Arnold
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Arboretum, have been published since t.

has also continued his critical work in con

the families of seed plants.

A notable increase in the use of the library during the year by students

and visiting scholars was attributable, we believe, to the developing cross-

reference system of file cards in the catalogue. This work has progressed

slowly over the past few years and was reflected again this year in the

statistical records of the librarian. Four hundred nineteen bound volumes
were added to the library during the year, making a total number of

51,453. Of this number, 104 deal primarily with horticultural topics and
are housed in Jamaica Plain. Five hundred eighteen items were added to

the pamphlet collection, increasing its total to 18,926. Although 937 ac-

cessions were recorded by the librarian, the number of reference cards

added to the main card catalogue totalled 1976, reflecting the effort of

Mrs. Schwarten and her assistants to make the library of increasing value.

'Hie annual issues of the Index to American botanical Literature, the

Lard Index of American Plants issued by the Cray Herbarium, and of the

Index Nominum Genericorum issued by the International Association for

Plant Taxonomy were all added to the existing files.

The librarian has also undertaken to arrange the available duplicate

reprints of former staff members lor eventual distribution as requested,

and to prepare volumes of the collected works of former and present staff

members. In mam , < thi ha involved locatinj ib me periodicals not

necessarily in our library and obtaining reproductions of the appropriate

Several outstandi i" ddil >n wen mad In tin libraiy resources during
the year. Through the kindness of .Mr. Philip J. McNiff, of the Harvard
College Library, 92 of the original Linnaean Dissertations were obtained
in an exchange program with the library of the University of Helsinki, in

Finland. Between the libraries of the Arnold Arboretum and the Gray
Herbarium, 132 of the original 186 Linnaean theses published are now
available for research use. Also of special value are the manuscripts,
photographs and documents used in the preparation of The Lilac and
Botanical Exploration of the Trans-Mississi j>pi West, which were a gift of

the author, Mrs. Susan Delano McKelvey. During the year we were able
to purchase the manuscripts and notes of Dr. A. K. Schindler, of Diissel-

dorf, Germany, whose work comprises studies of many genera of the
Leguminosae. We acknowledge with gratitude the many other books and
periodicals received as gifts, including a copy of Flora Nasuensis, edited
by the Biological Laboratory, Imperial Household, and presented by
Emperor Hirohito of Japan.

In a cooperative program with the Gray Herbarium, microfiche repro-

ductions of the herbarium which formed the basis of the many volumes
of the DeCandolle Prodromus, and of the herbaria of Thunberg and
Burser, were purchased during the year.

Mrs. Schwarten continued her contribution to the preparation of the
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Comparative Morphology:
The wood collection of the Arnold Arboretum received its usual cura-

torial attention during the year. A large collection of wood samples from

the Fiji Islands, collected by Dr. A. C. Smith in 1947, was prepared for

sectioning in a cooperative program with the Division of Wood Anatomy

of the Smithsonian Institution. United States National Museum. In an-

other cooperative program with the Department of Plant Anatomy, Order

of Lenin Forest Academy, Leningrad, U.S.S.R., wood samples of a large

number of specimens representing primitive or localized taxa were pre-

pared. In all, 14 requests for anatomical material were processed during

Irving W. Bailey, Professor of Plant \iviiinin i meritus, has continued

his research on the leaf-bearing cacti of the genera Pereskia, Pereskiopsis,

and Quiabentia, the results of which have been published in the Journal

of the Arnold Arboretum. His research reveals incipient trends of phylo-

genetic specialization in these most primitive surviving representatives of

the Cactaceae, which become increasingly accentuated in the Opuntieae

and Cereae. Professor Bailey's grant from the National Science Founda-

tion has been extended for a period of two additional years. His studies

are now concerned with investigations of the formation of diversified forms

of "sphaerites"' induced in
:

- r,- .: ».-,,- .,'/,-,' u;< I'rrcskiopsis during

air-drying and alcoholic dehydration of specimens.

Dr. Lalit Srivastava, Mercer Research Fellow, has continued his studies

on the ontogenetic and histochemical aspects of the cambium and its

vascular derivatives. He has completed his studies of the secondary phloem

of the Cactaceae and of the cambium and vascular derivatives of Ginkgo

biloba. At present he is reviewing the anatomy, chemistry, and physiology

of bark for the International Review of Forestry Research.

Education:
Through the spring semester Dr. Howard taught a course in horticul-

tural plant taxonomy in the Department of Biology. During the regular

spring vacation this class continued its work in Puerto Rico, making its

headquarters in the Luquillo Mountains and visiting the University of

Puerto Rico, including its agricultural research stations, the forestry

nurseries, and plantings of the U. S. Forest Service, as well as other areas

of horticultural, agricultural, or floristic interest. The experiment of work-

ing with undergra uden in tropical lloras proved stimulating and

successful to both instructors and students. The general collections that

were made included five taxa new to Puerto Rico and many specimens

needed for the herbaria of both native and of cultivated plants. Nearly

100 living plants were collected for growing in our greenhouses to serve as

research projects for the students in the next semester.

The informal fall and spring classes conducted by the Arboretum staff

were again held both in Jamaica Plain and Weston. Staff members also
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participated in the seminar series held in the Harvard University Her-

barium in Cambridge.

Mrs. Claude Weber completed, for the thesis requirement toward the
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doctor of philosophy degree, a study of the genus Chaenomeles, under

the direction of Dr. Howard.

The Northeastern Section of the American Society for Horticultural

Science which for a number of years has held a mid-winter meeting in

Cambridge, was invited to meet at the Arnold Arboretum. Scientific sec-

tions were held in the Administration Building, and an informal dinner

was served in the Dana Greenhouses followed by reports of members who

attended the International Horticultural Congress in Brussels. Dr. Howard

and Dr. Wyman contributed to this meeting while Messrs. Ernst, Fordham,

Green, and Wyman, and Mrs. Weber, all presented research papers during

the meetings.

Dr. Howard gave the horticultural lecture at the annual meeting of the

Garden Club of America, in Philadelphia, and was one of the speakers at

the Clara B. Ford Garden Forum, at Greenfield Village, Dearborn, Michi-

gan. He spent several days on the campus of West Virginia Wesleyan

College as a guest speaker of the American Institute of Biological Sciences

and visited the Inter- American University in San German, Puerto Rico,

under the same sponsorship. Talks were also given at the University of

Massachusetts and at Framingham State College. Dr. Wyman was a

speaker at the annual meeting of the Garden Club Federation of Massa-

chusetts, and at the Universities of Rhode Island, New Hampshire, and

Massachusetts, and at Cornell University. Requests for special talks on

street trees were received from arborist groups in central and northern

New York, New Hampshire, and Massa< husetts. These were filled by Dr.

Wyman who discussed our trial plots in Weston. Messrs. Ernst, Fordham,

Green, Williams, and Wood described the work of the Arboretum or talked

about their own research in several e i i i 1 \aiious horticultural

meetings.

Exhibits and Displays:

The Arboretum staff prepared four special exhibits during the past year.

The largest, entitled "Woody Plant Seeds and their Germination," was the

Arnold Arboretum display at the 5pi i lg Fit wer Show of the Massachusetts

Horticultural Society. This educational exhibit was designed to show the

various methods of seed production and dispersal, seed processing, includ-

ing treatments for the several types of embryo dormancy, and comparative

growth rates of seedlings. The background of this display consisted of

mature plants (forced into bloom) of many of the seeds exhibited. The

exhibit was planned for convenient study and visitors took advantage of

this. The staff was pleased to receive a first prize and a gold medal from

the Massachusetts Horticultural Society for its exhibit and to be recipients

of the Buckley Medal of the Garden Club of America for the most educa-

tional exhibit in the show.

The staff assisted the Horticultural Committee of the Garden Club of

America in preparing an educational exhibit on the propagation of herba-

ceous and tree peonies which was displayed at the Spring Show of the New

York Horticultural Society. At the National Capitol Flower and Garden
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in Washington, D.C., the Arnold Arboretum joined other arboreta

in an exhibit of which our portion featured hedge plants and two series
of kodachrome transparencies of plants and plantings in the Arboretum.
In the fall of 1962, a display of plants pi, ,011, n.» , ( .|,.i ml foliage or fruits
was arranged for the Fall Show of the Massachusetts Horticultural Society.

Travel and Exploration:
The Arboretum was represented by one or more staff members at various

professional meetings including those of the American Association of
Botanical Gardens and Arboretums. the American Horticultural Society,
the American Institute of Biological Sciences, the American Nurserymen's
Association, the American Society for Horticultural Science, the XVI In-
ternational Horticultural Congress, the National Association of Gardeners,
and the Plant Propagators Society. In each case a staff member gave a
research paper or presided at a sectional meeting. When these meetings
were held in areas outside of Massachusetts stall members were able also
to visit nearby Universities, botanical gardens or arboreta, or to under-
take field work.

Drs. Howard and Wyman attended the International Horticultural
Congress held in Brussels, Belgium, during August. Dr. Howard presided
at a meeting and symposium sponsored by the International Association
of Botanical Gardens. En route to and from the meetings he visited gar-
dens and herbaria in England and France. Ur. Wyman visited gardens
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in England, Holland, Germany, France, and Switzerland, in addition to

those visited during the Congress tours.

Dr. Wood attended meetings of the Association of Southeastern Biolo-

gists at the University of Florida, in Gainesville, and collected herbarium

material and living plants in northern Florida in connection with his work

on the generic flora of the southeastern United States.

Nevling made general collections i

emphasis on the accumulai

'

Howard and

Puerto Rico, but each also put special

, ,», field data < n species of occoloba and ol

m. Mr
idy the flo

j, in connection with their respective research programs,

several collections of Ilex and Sorbiis in Washington and

Weher visited nurseries and arboreta along the Fast Coa;

Dr. Er

ol the I nix aty of (with Dr. H. J. Thompsoi

their program of field work in Texas in connection with studies of Loasa-

ceae. Dr. Howard attended the Neotropical Uolany Conference al the

Imperial College of Tropical Agriculture. Trinidad, and had the oppor-

tunity of collecting selected species in Barbados. Curacao, Aruba, and

Bonaire, en route, applicable to his research program on the plants of the

Lesser Antilles. Mr. Fordham made a special trip to collect abnormal

forms from native populations of Taxus, Juniperus, and Pinus in New
Hampshire and Massachusetts. Tt is hoped by study of these collections

to determine the nature and origin of similar abnormal forms occurring
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Gifts and Grants:

The many Friends of the Arnold Arboretum renewed their generous
support of the horticultural work during the year. We are most apprecia-

tive of this continuing annual generosity. Although most gifts are unre-
i i

'
i- . . j>led for the care of the Larz Anderson

bonsai collection and for the care and acquisition of dwarf conifers. A
gift from the Boston Edison Company w;is accepted to complete the col-

lection of street trees maintained in Weston.
The library was enriched with many gifts of individual volumes which

are acknowledged as received. Mrs. Susan McKelvey presented to the
library the records she has maintained supporting and supplementing her

published work on the lilac, and on botanical exploration of the western
United States. A large number of botanical journals comprising a gift from
Mr. R. WT

. St. Clair, were particularly useful in replacing several worn
volumes. Mr. Edwin Menninger of Stuart, Florida, presented to the

Arboretum the original colored photographs used in preparing his book
Flowering Trees of the Tropics. This collection has been mounted and
placed in the herbarium where it will be of value in complementing her-

barium specimens of cultivated plants used constantly for study and dem-

Continuing support of the research projects of various staff members
by grants from the Public Health Service, the National Research Council,
and the National Science Foundation is acknowledged here, and as usual,

in the various reports and papers resulting from the research. The project
concerned with preparation of a generic ilora of the southeastern United
States received an additional grant from the National Science Foundation
for three years, beginning in September, 1962.

Gifts of plant materials are received annually from many botanic gar-
dens and nurseries to complete or supplement the representation in our
living collections. Outstanding collections received during the year were
specimens of the genera Chaenomeles, Hosta, Lilium, and Paeonia as well

Publications:

Results of much of the scientific work of the staff is published as re-

search papers in the Journal of the Arnold Arboretum. Dr. Wood, who
has very ably edited the Journal for the past five years turned over this

responsibility to Dr. Schubert in January. The four numbers issued dur-
ing the past fiscal year included 543 pages, containing 31 articles, 25 of
which were written by staff members. The six articles by other scientists

concerned, in some way, the various collections maintained by the Arnold
Arboretum.

The twelve numbers of Amohlia edited by Dr. Wyman and issued
during the past fiscal year contained but one article not prepared by a
member of the staff. The articles in Arnoldia which drew the most atten-
tion were reports of the results of trial plots of ground-cover plants and
of street-tree plantings as grown in Weston; the first registration list of
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cultivars in Chaenomeles; and two supplementary lists of culth

During the year the page proof of the International Directory of

tanical Gardens was read. Publication of this directory by the Inter

tional Association for Plant Taxonomy is expected during the summei

Bibliography of the Published Writings of the Staff and Students

July 1, 1962-June 30, 1963

Bailey, Irving W. Comparative anatomy of the leaf-bearing Cactaceae. VI.

The xylem of Pereskia sacharosa and Pereskia aatleata. Jour. Arnold Arb.

43: 376-388. 1962.

. Comparative anatomy of the leaf-bearing Cactaceae, VII. The xylem

of Pereskias from Peru and Bolivia. Jour. Arnold Arb. 44: 127-137. 1963.

. Comparative anatomy of the leaf-bearing Cactaceae, VIII. The xylem

of Pereskias from southern Mexico and Central America. Jour. Arnold

Arb. 44: 211-221. 1963.

. Comparative anatomy of the leaf-bearing Cactaceae, IX. The xylem

of Pereskia grandijolia and Pereskia bleo. Jour. Arnold Arb. 44: 222-231.

Brizicky. George K. The genera of Anacardiaceae in I he southeastern United

States. Jour. Arnold Arb. 43: 359-375. 1962.

. Taxonomic and nomenclatural notes on the genus Rhus ( Anacardi-

aceae). Jour. Arnold Arb. 44: 6Q-80. 1963.

Dudley, Theodore R. Some new Alyssa from the Near East. Notes Bot.
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117(11):' 9. 10, 69-78. 1963.

. Few filberts qualify for orchard or landscape use. Am. Nurseryman

117(9): 11, 107-111. 1963.

. The honeysuckles. Arnoldia 22: 57-67. 1962.

.Hornbeams hard to move. Am. Nurseryman 116(7): 13, 114-118. 1962.

. International plant registration. Arnoldia 23: 85-92. 1963.

. Larches limited in variety and landscape use. Am. Nurseryman 116(9):

11, 54-57. 1962.

. The lindens. Arnoldia 22: 69-76. 1962.

. Locusts popular for flowers. Am. Nurseryman 116(4): 15, 44-48. 1962.

. Many excellent forms in the Junipers, Part I. Am. Nurseryman

117(1): 14, 15, 115-123. 1963. Part II. 117(2): 12, 13, 56-76. 1963.

. The oaks. Arnoldia 22: 77-87. 1962.

. Poplars good for paper, wood and arid areas, not as ornamentals. Am.

Nurseryman 116(11): 11, 89-93. 1962.

.Recent introductions revive Gleditsia. Am. Nurseryman 116(3): 12,

40, 41. 1962.

. Results of trials in the ground cover demonstration plots. Arnoldia 23:

, 73, 74. 1962.



JOURNAL OF THE ARNOLD ARBORETUM [v.

Staff of the Arnold Arboretu

1962-1963

i.D., Arnold Profes

George Konstantine Brizicky, R.N. Dr., Botanist, Southeastern Flora

Michael Anthony Canoso, M.S.. Senior Curatorial Assistant.*

Henry Draper, Superintendent, Case Estates.

Theodore Robert Dudley, Ph.D., Assistant Horticultural Taxonomist.

Wallace Roy Ernst, Ph.D., Botanist, Southeastern Flora Project.*

Alfred James Fordham, Propagator.

Peter Shaw Green, B.Sc, Horticultural Taxonomist.

William Ed Grime, B.A., Curatorial Assistant.*

Katherine Ann Herron, A.B., Business Secretary. 1

Heman Arthur Howard, Assistant Horticulturist.

Shiu-Ying Hu, Ph.D., Botanist.

f Clarence Emmeren Kobuski, Ph.D., Curator.*

Margaret Catherine Lefavour, Herbarium Secretary.

Susan Delano McKelvey, A.B., Research Associate.

Lorin Ives Nevling, Jr., Ph.D., Associate Curator.

Lily May Perry, Ph.D., Botanist.

Dulcie Alicia Powell, Mercer Research Fellow.

Mary Elizabeth Sanders, Ph.D., Research Associate.

Bernice Giduz Schubert, Ph.D., Associate Curator and Editor.

Lazella Schwarten, Librarian.*

Lalit Mohan Srivastava, Ph.D., Mercer Research Fellow.

Stephanne B. Sutton, A.B., Business Secretary.

Johanna-Germana Claude Weber, M.A., James R. Jewett Fellow.

Robert Gerow Williams, B.S., Superintendent.

Carroll Emory Wood, Jr., Ph.D., Associate Curator.

Donald Wyman, Ph.D., Horticulturist.



. Arguta,

'

Goniocs

Bolivia, 127; VIII. The Xylem <

Pereskias from Southern Mexico an

Central America, 211; IX. The Xylei

of Pereskia grandifolia and Pereski

bleo, 222; X. The Xylem of Pereski

colombiana, Pereskia guamacho, Pere:

— sect. Saccharina, 4!

Aceraceae, 481-494

Acranthera uniflora,

Bicarpellites,

Bilsted, 203

Aldenella tenuifolia,

Alligator-tree, 203

Alysicarpus ovalifolii

— rugosus, 292, 296

Anacardiaceae, 60

The X>lci

Mexico ai

The Xylei

e, VII. The Xylem of Peres-

•eru and Bolivia, 12 7; VIII

of Pereskias from Southern

Central America, 211; IX

of Pereskia grandifolia anc

.o. 2 22; X. The Xylem oi

[.oil! muoli «,

Anthemis, 444

Aphaenandra, 1

— microphylla japonica, 99

— muelleriana, 98

— revoluta, 100

Bailey, I. W. Comparative Anatomy ot

the Leaf-bearing Cactaceae, VII. The

Xylem of Pereskias from Peru and Comparative Anatoi



4 JOURNAL OF THE ARNOLD ARBORETUM

Leaf bearing VII. Tin- Xvlcm of Peres- -sect. ( Vnandropsis, SS

kias from Peru and Bolivia, 127; VIII. Cleome sect. Physostemon.

from Southern —sect. Polanisia, 89, 90The \\lem of Peres

Mexico and Central America, .711; IX

The Xvlem of Pereskia grandifolia and

Pereskia bleo, 222; X. The Xylem of

Pereskia colombiana, Pereskia guama
cho, Pereskia cubensis, and Pereskia

portulacifolia, 390

Calendula, 448

Cambium and Vascular Derivatives of

!<r-

Can,

iin: Cacfaceac. VII. The Xylem of

Pereskias from I' id m<i !o]h i i
;

VIII. The Xylem of Pereskia Horn

Soul Inan Mexico and Central America,

211; IX. The Xvlem ot Poreski; gran-

difolia and Pereskia bleo, 222 ; X. The
\ vlem ol Pcia Ua co omhi mi en

macl o l> ,

Vreskia ualolia.

- sect. Cyi

miio pen

subfam. Cichorioidea

tribe Anthemideae, A

1900-1963, — 1



1963] INDEX 525

— pseudosalix, 404, 405 paraceae and Moringaceae in the South-

34 eastern United States, 81

Ernst, Wallace R. The Genera of Hama-

leptostachys, 406 melidaceae and Platanaceae in the

Southeastern United States, 193

Ernst, Wallace R., and Henry J.

— umbelluligera, 406, 407 Thompson. The Loasaceae in the

Southeastern United States, 138

Davidia, 18, 21, 39-41, 43--45, 48, 53, 54 Eucnide, 141

— involucrata, 20-22

Exothea, 479-481

Desmodium: Preliminary Studies — IV, Eyde, Richard H. Morphological and

Paleobotanical Studies of the Nyssaceae,

Desmodium axillare, 286 I. A Survey of the Modern Species and

acutifolium, 287 their Fruits, 1

Eyde, Richard H., and Elso S. Barg-

hoorn. Morphological and Paleobo-

robustius. 287 u.niral Stud < v\ the ^ > < 'i, 11

axillare, 286 The Fossil Record, 328

obtusifoliola, 286 Fagus, 346

Fissenia, 138

ZSvahr'ieriN^'

Fossil Record, The. Morphological and

Paleobotanical Studies of the Nyssaceae,

— fruticulosum, 293

— gangeticum, 292, 294, 29

— Ianceolatum, 295

II, 328

5
Foster, Adriance S., The Morphology

and Relationships of Circaeaster, 299

Fothergilla, 196, 201, 202

— oblongifoliur.

— ovalifolium,

— polygonoides

rin« the Fiscal Ye

Dodonaea, 475

— viscosa arbc

Dodonaeaceae,

Duckera, 63

Genera of Hamamelidaceae and Platana-

ceae in the Southeastern U:nited States,

The, 193

Genera of Sapindales in the I

United States, The, 462

Genus Nestegis from New Zi;aland, The,

Ginkgo, 165-185

Ginkgo biloba, Cambium ai d \ 1

ies of Osmanthus,

P. S., The Genus Nestegis 1

Zealand, 377



JOURNAL OF THE ARNOLD ARBORETUM [vol. xli

ula, 2 71 Howard, Richard A. Clarence Emmerc

t'Ucli'OHk'S, .';']

' Htlllll llll- J."

I ()\ •,( 1 I* K II .

. Bucklandioideae,

: Fothergilleae, 194,

1 i, in < i. I'M

Hed3 m 291

axilla ,v, 2X5 .

— colinum, 294

l.W AWM-.i [)<( '"•I Phi' 1 lib) !<< nil

Genus Mussaenda: The Morphology

of the Asiatic Species, 111; The Species

of India and Ceylon, 232

Juglandaceae, I: Pollen Size and Pore

Number Variation, Pollen Morphology

InrL .,« ,i)l, 106-108, 347

Kobuski, Clare

Kobiski, Cla:

ieren, 1900-1963,

Studies in the

291, 292, 295

,
Spanish, -

I ul M

— sect. Cathayambar,

Family,

adish Tree Fami

— subfam. Gronovioideae,
:

— subfam. Loasoideae, 138,

— subfam. Men!/. i< <\



Loasaceae tribe Mentze
Lobadium, 62, 75

Lophostoma (Thymelaej

Lophostoma, 143-163

tfussaenda, The Rubiaceou

The Species of India and

Maple, 483

Maple Family, 481

Mastixia, 21, 22, 4:

eibomia albida,

— prorepens, 2,

— Sintenisii, 2H

— umbrosa, 28'

Melanococca, 6

Melicoccus, 472

Mentzelia, 140-

— sect. Dendro

--st-rl. Microm

The Fossil Record,

Morphology and Rel;

' aster, The, 299

rifl Paleobotanical Studies — laxiflora, 11!

:s, 1 ; II. — macrophylla,



528 JOURNAL OF THE ARNOLD ARBORETUM [vi

Mn ini.il mnnU'iroi, 112 Xestegis mourn <>l i '1

Xkvi.inc, Lorin I., Jr.. Xotes nn I >:iph

< s . I ind. The Genus Xestegis from,

-samana 234, 259, 260 Notes on D.-iplrnopM-,.

-scandens, 117, 118, 121, 123 — acutici

[-111 MM. M. . -ill 11 I
' -II

Nestegis, 377-389

— collina,' 271

(uonimdiamii, 3'/



INDEX

Pereskia (

typica, 7 — humbokltii.

^ o o Ion japonicum, 341

Nyssaceae, 2

Nyssaceae, Morphological and Pa
tanical Studies of the, 1. A Sun
the Modern Species and their 1Fruits, 222-225, 39C

1 ; II. The Fossil Record, 328 — tampicana,

Olea, 3 77 - webTriana

1

,

2

;

— sect. Gymnelaea, 377 391, 395
— apetala, 377, 379 Pereskias fron

Oleaceae, 268, 377
— tribe Oleeae, It

Osmanthus, A Re

n Peru and Bolivia, The
X\l n, .1 Comparative Anatomy of

the Leaf-bearing Cactaceae, VII, 127

n kia rom Southern Mexico and
Central vn -r'u i 1 \u X} 1< m of. i 'om

— piiitache,

Pimelea, 150

Plane tree, 2

Hamamelidaceae

}' i let hoi nit il null s ot Ih s\ treat
,

Pollen Morphology in the Juglandaceae,

! I: Pollen Size and Pore Number Varia-
Modern Species and their fruits 1:

II. The Fossil Record, 328 Pseudarthria cordata. 293
Passerina ffliformis, 147 Pseudomussaenda, 112

Pereskia colombiana, Pereskia guamacho — gossweileri, 112

1\ it kia cubensis and l\ reskia poilu

Anatomv of the Leaf-bearing Cacta-

ceae, X, 390

Quiabentia, 128, 214, 224, 225, 394, 395

Red gum, 203

unit tt, ,
l '/ b. Ml, 212, 214, 215

— bleo, 132, 214, 222-225, 391, 393-395 Revisit m of the Genus Lophostoma
(Thymelaeaceae), A, 143

Revision of the New Caledonian Species

395 of Osmanthus. A, 268



JOURNAL OF THE ARNOLD ARBORETUM [v.

Rhodocactus, 211, 214 Southeastern United State , The Loasa-

,
Taxonomic an

Nomenclatural Note s on the Genus, 6 Southeastern United State ,
The Tribes

Rhus, 60-62 of Compositae in the, 43

— subgen. Lobadium, 62 Spanish lime. 1",
'.

— subgen. Mclanococca,
— subgen. Rhus, 62

— subgen. Schmaltzia, 62

— subgen. Sumac, 62

— subgen. Thezera, 63

sal. LoIkuHu

Rubiaceous Genus Mussaenda, The Tin

Morphology of the Asiatic Species

The Species of India and Ceylon, 232

Mica. i\ :

Muilcm Specie-

Melii'occeae, 17.' Two New Species .»f.

Thcaccae, XXXV, 434

R G. Desmodiu

- palembangensis,

- philippinensis, 4-

Solkkic, Otto T., The Tribes of Com- Thcaccae, Studies in the, XXX
positae in the Southeastern United Asiatic Taxa of Ternstroe

XXXV. Two New Species

Southeastern United Stales, The Genera stroemia from the Lesser Ar

Thompson, Henry J., and W
Ernst. The Loasaceae in t

eastern United States, 138

of Hamamelidaceae and PlaPmaceac in Thymelaea, 409

the, 193

Southeastern United States, The Genera Tribes of Compositae in the So



- subcolumnaris, 98

Turpinia, 62

Two New Species of Ter

the Lesser Antilles. Stud

ceae, XXXV, 434

kia porluJacifolia, The. Comparative

Anatomy of the Leaf-bearing Cacta-

ceae, X,. 390

Xylem of Pereskias from Peru and

Bolivia, The. Comparative Anatomy
of the Leaf-bearing Cactaceae, VII, 127

Xylem of Pereskia grandifolia and
Pereskia bleo, The. Comparative Anat-

omy of the Leaf-bearing Cactaceae,

IX, 222

Xylem of Pereskias from Southern


