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PHYLLANTHUS, among the subfamily Phyllanthoideae of the Euphorbia- 
ceae. is at once the largest (b.SO species) and most diversified genus; it 
includes plants of a great many types of growth form, such as trees, shrubs, 
annual and perennial herbs, and floating aquatics. Although a number 
of species grow in dry habitats, none is at home in extreme deserts, whereas 
many prefer mesophytic or even hydrophytic environments. These ecolog- 
ical characteristics, and the inability of all except two or three species to 
endure cool conditions such as those in the eastern temperate United 
States, limit the distribution of the genus as a whole to those areas where 
tropical and reasonably humid conditions occur. Within these limits, how- 
ever, the genus is circumtropical. well represented on all the continents and 
particularly the island groups lying off-shore. 

In common with that of most other large angiospermous genera (those 
with more than 500 species), the present classification of Phyllanthus very 
inadequately reflects the true relationships between the subgeneric taxa. 
The difficulties in most of these large genera reside largely in their sheer 
size; a tremendous bibliographic study must be accomplished by the stu- 
dent before he can undertake biological studies of the organisms concerned. 

The situation in rhythm!hus. however, differs from that in such genera 
as Solatium, Eugenia, and Carcx, where a relatively stereotyped ground- 
plan prevails throughout the entire genus. In Phyllanthus the difficulties 
incumbent on the great si/e of the group are aggravated by the fact that 
there are profound differences in the vegetative structure, flowers, and 
fruits. Some of these may be accounted for by the fact that Phyllanthus 
in its current circumscription is not an entirely natural genus; but even 
after the discordant groups are removed, Phyllanthus still remains — 
when vegetative and reproductive organs are considered together — per- 
haps the most diversified of all the great genera of the Angiosperms. The 
investigation of its classification and evolution should be carried out with 
the view- of attempting to explain how this great diversity can be reconciled 
with the "naturalness" of the greater portion of the genus. 



92 JOURNAL OF THE ARNOLD ARBORETUM    [VOL. xxxvn 

The present study of the West Indian species of Phyllanthus, which has 
occupied about four years of work, is intended as the first installment of 
and theoretical basis for a world-wide monograph of the genus. Analysis 
of some 3,000 herbarium specimens of West Indian species has been sup- 
plemented by the study of specimens of many extra-Caribbean species, as 
well as by three field trips: to Cuba in 1951 and 1953, and to Jamaica in 
1954. Of the ninety-odd species accepted in this treatment, 39 have been 
seen in the living condition. The lack of field work in Hispaniola has been 
the most keenly felt deficiency, for the species of sections Cyclanthna and 
Phyllanthus on that island cannot be satisfactorily understood from the 
herbarium specimens at hand. Since it seems impractical, however, to 
delay publication indefinitely in the hope of improving the treatment of 
these few species, their critical appraisal will be deferred to a future paper. 

The eighty-odd native West Indian species of Phyllanthus constitute 
a fascinating assemblage of forms. Adapted to many different habitats and 
evidencing origin from various ancestral types, they exemplify well the 
flourishing of an evolutionarily successful group of angiosperms in the in- 
sular environment of the Caribbean. It is the main purpose of this work 
to attempt to capture on paper something corresponding to the biological 
reality of these plants as they occur today in populations on the West 
Indian islands, and to indicate what significance this may have for students 
of the West Indian flora in particular and the evolution of the angiosperms 
in general. 

The results of these studies on the West Indian species of Phyllanthus 
will be presented in three parts: (1) a general section including historical 
reviews and observations on morphology and anatomy, (2) a systematic 
section enumerating and describing the taxa, and (3) a concluding section 
presenting a synthesis of all the data and discussing geographical distribu- 
tion and evolution within the genus. 

HISTORICAL REVIEW 

The summary of the taxonomic history of Phyllanthus presented here 
centers mainly around the development of generic concepts in the subtribe 
Phyllanthinae as defined by Pax ( 1S90). particularly ;is this applies to the 
species represented in the West Indies. In a previous paper (Webster. 
1956), the history of Phyllanthus as it pertains to the American species 
described by Linnaeus has been discussed, including many nomenclatural 
details which will be omitted in the following account. 

As will be shown in the section on growth form, most of the genera of 
the subtribe Phyllanthinae of the I'hyllantheae share a peculiarity of rami- 
fication (viz., phyllanthoid branching) which gives them a similar aspect: 
only the less-evolved species of Phyllanthus itself form an exception. Al- 
though a critical understanding of phyllanthoid branching has been sur- 
prisingly slow in forming, a crude intuitive awareness of it has, since a few 
species first became familiar to Western botanists in the latter half of the 

itury, resulted in the taxa of the Phyllanthinae being treated 
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more or less together. In the consideration of the taxonomic history of 
Phyllanthus, therefore, it appears most practical to follow together the de- 
velopment of the morphological and generic concepts. 

Because of its tropical and entirely non-European distribution, Phyllan- 
thus appears to have been unknown to the classical authors such as Theo- 
phrastus and Pliny. Bauhin (1623) listed only a single species which would 
now be placed in the genus; his Myrobalanus cmblica became the Phyllan- 
thus emblica of Linnaeus. Apparently P. emblica was introduced into the 
Mediterranean area by the Arabs, in whose writings the plant is first men- 
tioned; but for several hundred years it was known only from the fruit, 
which was a medicinal item. 

The scientific literature of Phyllanthus begins abruptly in the late seven- 
teenth century with publications by Breynius (1678) and Rheede tot 
Draakestein (1679), both on plants from India. Breynius's Frutcx in die us 
baccijer &c. appears to represent P. reticulatus Poir., and Rheede's Niruri 
may be the same species. It is interesting to note that although a number 
of Phyllanthinae were described in various volumes of Rheede's work, the 
affinities between the herbaceous and woody species were not recognized. 
Thus, for example, P. cmblica L. was called Nili-caniarum while P. urinaria 
was called Tsicru-Kirganeli. 

Hermann (1689) and Sloane (1696) opened the study of the New 
World species with descriptions of two species of sect. Xylophylla, which 
quickly became well-known because of their apparently anomalous pro- 
duction of marginal flowers on the leaves. The significance of Hermann's 
plant, Phyllanthos americana planta &c, is that it was the basis for the 
name which Linnaeus applied to the entire genus. Commelin (1697) illus- 
trated and described what was probably the same plant as Hermann's; 
the plate is good and easily recognizable as P. cpiphyllanthus. Plukenet, 
in his "Phytographia" (1691-1696) described several species of Phyllan- 
thus under various names but contributed nothing significant. 

In the early part of the eighteenth century, most of the Phyllanthinae 
were described under two names: Niruri for the groups with branchlets re- 
sembling pinnate leaves (including species of Breynia and Sauropus as 
well as some of Phyllanthus), and Phyllanthus for the phylloclade-bearing 
species of Phyllanthus sect. Xylophylla. Linnaeus, in the first edition of 
the "Genera Plantarum" (1737), gave Dillenius the credit for first appre- 
ciating the fact that Niruri and Phyllanthus are congeneric. This insight 
of Dillenius represented the first important step in the development of the 
modern concept of the genus. He saw that in both Niruri and Phyllanthu 
the flowers were borne on apparent leaves, and that these leaf-like struc- 
tures were homologous: in Niruri the (lowers occurring in the axils of the 
leaflets of a pinnately compound 'ieaf"; in Phyllanthus (sensu Com- 
melin). in notches on the margins of an undivided "leaf." Linnaeus. Dil- 
lenius, and their contemporaries all erred, however, in assuming that these 
homologous flower-bearing structures were leaves. As will be shown later 
this pseudo-foliar modification of the branches is one of the most importan' 
characters in defining the Phyllanthus-comp\ex, even though in the present 
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interpretation it conies doser to characterizing the entire subtribe Phyllan- 
thinae than it does the genus Phyllanthus alone. 

Linnaeus in the "I tortus Uiffortianus" (1 7^S ) included in Phyllanthus 
three species, which became in 1753 P. r pi phyllanthus. /'. niruri, and P. 
grandiiolius. The inclusion of these three very different plants — a phyl- 
loclade-bearing shrub, an herb with phyllanthoid branching, and a tree 
with non-phyllanthoid branching thus established the genus at the very 
beginning as one with great diversity in growth form. The next important 
modification in the generic concept came in Linnaeus's "Flora Zeylanica" 
(1747) in which the M yroba/auus cmblita of Bauhin et al. was for the 
first time associated with the other species of Phyllanthus. In the first 
edition of the -'Species I'lantarum" (1753) Linnaeus made no important 
modification, merelj adding one new species. /'. maderaspatensis L.; al- 
though this species belongs to a yet different section from the others, its 
inclusion caused no important  change in generic concept. 

Linnaeus's next significant contribution, in the .Mantissa" (17o7). was 
the publication of the new genus Cicca. characterized by tetramerous 
flowers. Although he placed it in the Monoecia Tetrandria, he observed 
that it was related to Phyllantbus. Subsequently, no one has doubted the 
clear affinity of Circa to the other species of Phyllanthus: the only differ- 
ence of opinion has revolved around whether it merits generic or only sub- 
generic rank. 

Four years later, in the •'Mantissa Altera." Linnaeus established another 
new genus. Xylophylla. by splitting off /;. cpiphylbiuthus from the other 
species. The new generic name was derived from the Xvtophyllos rcramira 
of Rumphius. which Linnaeus renamed Xylophylb, lou^ijolia. The Rum- 
phian plant, however, although it furnished the generic name, was poorly 
known and the genus was definitely based on the treatment of two 
Jamaican species of Phyllanthus by Patrick Browne. As indicated in a 
recent paper (Webster. l°5o). Linnaeus and other writers were misled by 
Browne's erroneous description into thinking that Xylophylla had her- 
maphrodite ilowers. It was purely on the basis of this fallacious character. 
and not upon the phylloclade bearing habit, thai Linnaeus recognized the 
genus; Swart/ finally equated the genera in his "Flora Indiae Occidentalis" 
(1800), but together with Poiret (1804) and YYilldenow (1809) still re- 
garded the ilowers as hermaphrodite. The confusion was at last cleared up 
in 1S24 by Adrien de Jussieu. who retained Xylophylla but noted "vix a 
Phyllautho diversum." Since Xylophylla was merged with Phyllanthus by 
Baillon (18.SS) and .Mueller Argoviensis (1S66). relatively few authors 
have chosen to take it up as a distinct genus, although L. H. Bailey has 
recently upheld it in his ".Manual of Cultivated Plants." 

The most important of the post-Linnaean genera of I'hyllanthinae is 
undoubtedly Glochidiou. established by Forster in 1770. The absence of a 
disk, the characteristic androecium, and the plurilocular ovary with un- 
divided styles all made this a very distinctive group, and it was generally 
maintained until Mueller Argoviensis (1805. 1806) merged it with Phyl- 
lanthus.   This  interpretation  was accepted  by   Bentham  in  the "Genera 
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Plantarum" (1880) but reversed by Hooker in the "Flora of British India" 

(1887). Hooker's judgment was accepted by Pax (1890) and Pax and 

Hoffman (1931), as well as by most modern authors. Croizat (1943) has 

upheld Glochidion and remarked that it may be upheld "only with the 

understanding that its species form a natural group that it is not possible 

to define with reference to a set of conventional characters." This appears 
rather too pessimistic, however, as it actually is possible to define Glochi- 

dion on the basis of characters as satisfactory as any in the Phyllanthoideae. 

A. L. de Jussieu. in his 'Genera Plantarum" (1789), accepted Circa, 

Phyllanthus, and Xylophylla. and added a new genus Kirganclia based on 

a Mauritian plant collected by Commerson. Kirganelia was distinguished 
on the basis of its baccate fruit and androecium of five unequally united 

stamens; although a distinctive group, it has generally been placed in the 

subgeneric rank under Phyllanthus. Jussieu also suggested that P. cmblica 

L. might be put in a distinct genus. This was promptly done by Gaertner 

(1791), who placed the plant in the new genus Emblica as E. officinalis. 

Olaf Swartz. in a series of publications (1788, 1791, 1800) gave the first 
critical treatment of the West Indian species, carefully distinguishing the 

Jamaican species of sect. Xylophylla and adding several other species. He 

furthermore established a new genus Epistylium, based on two Jamaican 

plants, which in more recent times has always been accepted as a section 
Of Phyllanthus. 

The first publication on the Euphorbiaceae which may be regarded as 
monographic is Adrien de Jussieu's "De Euphorbiacearum Generibus 

Tentamen"' (1824), where for the first time all the previously published 

genera are critically compared and described. Jussieu accepted eleven 
genera of Phyllanthinae: Epistylium. Gynoon. Glochidion. Anisoncma. 

Agyncia, Cicca, Emblica. Kirganr/ia. Phyllanthus, Xylophylla. and 

Mcnarda. This suggests an excessively narrow generic concept, but Jussieu 

indicates in parenthetical comments that one could just as well unite with 

Phyllanthus half of these genera: Xylophylla. /•'.inb/ica, Kirganelia. Cicca. 
Mcnarda, and Agyncia. The resulting classification, with the exceptions 

of the inclusion of Agyncia in Phyllanthus and the separation of Epistylium 

from it, would correspond closely to the limits accepted in this treatment, 
and indicates that Jussieu had a good appreciation of natural affinities. 

The next major revision of the Euphorbiaceae is that of Baillon (1858). 
Here fifteen genera of /7/v/7-/////m:--complex are accepted; Emblica. Xylo- 

phylla. Gynoon and Anisoncma are reduced to synonymy, but Williamia. 

Astcrandra. Orbicularia. /ygos.pcnman. Mclaufhcsa. Sauropus. and Glo- 

chidionopsis are recognized. This treatment is the last one on a world-wide 
scale in which there is extensive fragmentation of the group originally 

circumscribed by Linnaeus as the genus Phyllanthus. In ISoO Baillon be- 
gan the publication of a "Monographic des Phyllanthus." but shelved it 

after the writings of Mueller Argoviensis began to appear in 1863. In 
Baillon's unfinished monograph the genus has the same delimitation as in 

the 1858 work; but later Baillon adopted Mueller's very broad circumscrip- 
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Contemporary with Baillon's work was that of Grisebach, of special 
interest since it deals with West Indian species. In the "Flora of the 
British West Indian Islands" (1859), he reduced Epistylium, Anisonema, 
and Baillon's Orbicularia to sections of Phyllanthus, but maintained Cicca 
as distinct. Grisebach, both in "Plantae Wrightianae" (1860) and in 1865, 
described several new species from Cuba and one additional new section, 
WiUiamiandra. Grisebach's work was not especially profound and he made 
some serious errors in distinguishing taxa and in suggesting relationships. 

Overlapping the studies of Baillon and Grisebach are those of Jean 
Mueller of Argau (Mueller Argoviensis), who, between 1863 and 1866 
published several papers on the Euphorbiaceae, culminating in the mono- 
graphic treatment of the family in De Candolle's "Prodromus." This mono- 
graph begins a new era in the study of Phyllanthinae, for not only are all 
of the generic concepts proposed by various authors evaluated, but also 
the individual species are painstakingly and accurately described, with 
meticulous citation of synonymy and specimens. The few flaws in execu- 
tion are far outweighed by the brilliant scholarship of the treatment, which 
is the more striking in being perhaps the most massive critical monograph 
of a plant family ever accomplished by a single individual. 

At first, in his long paper in "Linnaea" (1863), Mueller accepted Glo- 
chidion as a genus distinct from Phyllanthus, distinguishing it on the basis 
of its unbranched styles, which equal in number the cells of the ovary. By 
1865 he had changed his mind, and in the revision in the "Prodromus" 
Glochidion, along with many other segregate genera accepted by Baillon, 
was included in Phyllanthus. The genus Phyllanthus in the inclusive sense 
of Mueller was thus extremely heterogeneous, comprising no less than 44 
sections. In the "Flora Brasiliensis" (1873) Mueller proposed a few new 
sections and species but made no important modifications. 

Among the post-Linnaean work on the genus, that of Mueller stands 
preeminent and has exercised the strongest influence in the development 
of the generic concept. His monograph is still the basic reference source 
for any taxonomic study of the genus; and although various authors com- 
piling regional floras have resurrected segregate genera or even proposed 
new ones, the generally prevailing concept of Phyllanthus owes its circum- 
scription to Mueller. 

Impressive as was Mueller's work, it did not go unchallenged by his 
contemporaries. Baillon (1873) sharply criticized Mueller's treatment for 
its lack of appreciation of ijerieral affinities. Many of Baillon's criticisms 
were certainly justified; nevertheless in his "Histoire des Plantes" (1874) 
he accepted precisely the same generic limits as those proposed by Mueller. 
Bentham (1878) contributed a very interesting paper, based on his re- 
search in preparation for the treatment of the Euphorbiaceae in the 
"Genera Plantarum," in which he evaluated the work of Baillon and of 
Mueller, and made some pertinent suggestions as to affinities. He accepted 
Mueller's delimitation of the genus, but grouped the sections into eleven 
"primary sections" which correspond roughly to the subgenera of the pres- 
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This arrangement was formally presented with synonymy in 
the "Genera Plantarum" (1880). 

The only important modification of Mueller's generic concept was made 
by J. D. Hooker (1887), who restored Glochidion to the rank of a separate 
genus.  His remarks are interesting enough to be quoted: 

"I find it inexpedient to follow Mueller (in DC. Prodr. xv. ii. 2 78) and 
Bentham (Gen. Plant, iii. 2 72 ) in redua m<r Glochidion to a section of Phyllatithus, 
from which it differs in the total absence of a disk, in habit, and in the singular 
modification of its styles and stigmas. Further, by keeping it distinct I comply 
with the wishes of the Indian Botanists, whose opinion it is of importance to 
consult in regard to the nomenclature of so very large and universally distributed 
an Indian genus." 

Pax (1890) adopted the generic limits as modified by Hooker, separat- 
ing Glochidion from Phyllatithus but retaining both genera in the subtribe 
Phyllanthinae. In the second edition of the "Naturlichen Pflanzenfamilien" 
(1931) Pax and Hoffman transferred several sections of Phyllanthus, in- 
cluding Hemiphyllanthus. Ciccastrum, and the New Caledonian members 
of the Gomphidium-complex, to Glochidion. This was a step backward, 
for the 1890 arrangement appears to be closer to natural affinity. Croizat 
(1943) has rightly objected to the extension of the range of Glochidion 
to the New World, for the genus actually appears to be confined to Asia 
and Australasia. The various species from South America and Madagascar 
which have from time to time been placed in Glochidion seem best retained 
in Phyllanthus, even though they do belong to a primitive group that per- 
haps has some affinities with Glochidion. 

Except for the work of Pax and Hoffman, there have been no comprehen- 
sive treatments of Phyllanthus in the twentieth century. There are, how- 
ever, two "regional monographs" which merit special mention. C. B. 
Robinson (1909) published a revision of the Philippine Phyllanthinae 
which shows observation and originality. On the basis of its drupaceous 
fruit, he resurrected Cicca as a genus distinct from Phyllanthus (with 
which it had been combined by Mueller). Baillon (1858), although also 
maintaining Cicca as a distinct genus, had remarked that the fleshiness of 
the fruit is not a dependable character, since there is within Phyllanthus 
a nearly continuous gradation from dry (apsides to drupes. In many species 
the fruit is quite fleshy until late in development, when it suddenly dries 
out and becomes capsular. This consideration probably influenced Mueller 
in his reduction of Cicca to Phyllanthus (1863). As Robinson's descrip- 
tion indicates, however, the fruit of Cicca is actually more distinctive than 
other fleshy fruits of species of Phyllanthus: 

". . . fleshy externally, containing a 6- or S-grooved bony endocarp, firmly 
united, and not separable by pressure, showing however by traces of the original 
carpellary walls on its exterior that it represents either 3 or 4 carpels, and con- 
taining 3 or 4 cells each with one seed." 

A number of species of Phyllanthus have baccate or subbaccate fruits, 
and P. emblica has a drupe-like fruit resembling that of Cicca.   But al- 
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though the endocarp of P. cmb/ica is bony, il still separates into three cocci 
at maturity. The drupe of Cicca therefore is a good distinguishing char- 
acter, as are the tetramerous flowers with the occasional production of 
staminodes in the females Nevertheless, the pollen grains, seeds, and 
growth form are all quite typical for Phyllanthus. We have here a group 
which is on the borderline of generic status, and. despite all that has been 
written, one whose disposition — in our present state of knowledge — must 
be largely a matter of taste. Cicca is here retained as a subgenus of Phyl- 
lanthus, with the reservation however that additional study may perhaps 
justify Robinson's giving it generic status. 

Leandri, in a considerable number of publications, has reviewed the 
Phyllantheae of Madagascar, where many interesting species occur. He 
upholds Glochidion and assigns several Madagasi arian species to the genus, 
but retains Cicca as a section of Phyllanthus. The species placed by him in 
Glochidion do. like those of sect. Microghn hidion in South America, have 
flowers and leaves quite suggestive of some New Caledonian species placed 
in Glochidion by Pax and Hoffman. Put all these species, though forming 
a distinctive group and perhaps representing the ancestral form from which 
Glochidion was derived, appear best retained within Phyllanthus. 

To conclude this survey, we have to review the concepts of those who 
have written on the West Indian species of Phyllanthus in particular. 
After Swartz, the first work of any importance was that of A. Richard 
(1850), who described some Cuban species. Grisebach. both in the "Flora 
of the West Indian Islands" (1859) and "Catalogus Florae Cubenses" 
(1866). recognized Cicca as distinct from Phyllanthus. but agreed with 
Mueller in relegating Xylofd/yl/a and several other groups to sectional rank. 
Wright (Flora Cubana. 1870) accepted the reduction of Cicca and de- 
scribed a few new species. Urban, in a long series of publications ( 189° 
19->0). described main species of Phyllanthus and often gave suggestions 
as to affinities. Although he published no keys or general discussions, his 
scattered comments are often quite to the point. Urban delimited Phyllan- 
thus in the Muellerian sense, in marked contrast to N. L. Britton. who 
adopted a very radical conception of generic limits. The latter described 
from Cuba (1920) three new seme-ate genera Ramsdcnia. Roi^ia. and 
Diniorphocladium and also recognized as genera Conami and Orbicu- 
laria. All of these, in the present treatment, are placed under Phyllanthus. 
and all except Conami in sect. Orh'n ularia. In Priiton and Wilson's flora of 
Puerto Rico (1924) the species of Phyllanthus sensu .Mueller are distrib- 
uted among Asfcrandra. Cicca. Conami, Mari^aritaria. Phyllanthus, and 
Xylophylla; of these, only Mcircantaria seems really generically distinct. 

Recently Alain ( 1954) has presented a synopsis of the Cuban species of 
Phyllanthus, accepting the genus in the conservative delimitation and 
recognizing  (>5  species for the island. 

When all treatments of the past seventy years are reviewed, it appears 
evident that the current generic concept of Phyllanthus is essentially that 
of Mueller amended by Hooker. As noted above, both Pentham and Paillon 
criticized  Mueller's work  on  the  basis that   it  did  not   take sufficient  ae 
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count of natural relationships. Bentham said of Mueller (and, with less 
justification, of Baillon) that he did not appear "to have sufficiently borne 
in mind the fact that characters differ in value in different genera or other 
groups. . ." Mueller, as Briquet (1896) pointed out, was an anti-evolu- 
tionist and had at first been interested in mathematics as much as in 
botany. Both these indications of his temperament are clearly reflected 
in his publications. His monograph in the "Prodromus," including keenly 
written descriptions of over 2,000 species in more than 1,000 species of 
text, is one of the triumphs of the descriptive method. But for the modern 
student it has a distinctly typological caste, i.e.. "natural affinity" for 
Mueller does not appear to necessarily imply specific genetic kinship but is 
rather the expression of ideal relationships between mathematically de- 
finable entities. The Muellerian genus is. at least to some extent, a kind of 
Platonic idea of which the species are the earthly manifestations. 

Nevertheless, in spite of their reservations as to Mueller's systematic 
criteria (and, by implication, his philosophic premises), Baillon, Bentham, 
and others accepted his system in the main. Although the general recogni- 
tion of Glochidion as a genus partly altered the generic circumscription, 
the sections proposed by Mueller and his reductions of many groups to 
synonyms of Phyllanthus have gone largely unchallenged. This is in part 
due to Mueller's great authority, but also (ami perhaps mostly) to the 
great size and unwieldiness of the genus. The present need is for a clas- 
sification which will express phylogenetic relationships, and inevitably this 

E the Muellerian scheme. Pax and Hoffman. 
' the genus, have •— by merely 

adapting his system and driving the use of arbitrary characters to an even 
greater extreme — produced an uneven and. on the whole, unsatisfying 
classification. 

The genera of Phyllantheae as recently maintained may aptly be com- 
pared to political boundaries which are superposed over the natural physio- 
graphic features of a region. "Phyllanthus" is the designation for all 
Phyllantheae in which the flowers are apetalous, lack a pistillode, and have 
a disk, or else do not fit into any other genus of Phyllantheae! "Glochi- 
dion" includes those plants in which the flowers are apetalous. lack both 
pistillode and disk, and have undivided styles. "Securinega." as Bentham 
pointed out. is an artificial genus in which are placed various plants related 
to rhyllantlms that have little more in common than a pistillode in the 
male flower. 

It is apparent that not much more can be done toward constructing a 
new classification until a thorough morphological survey can be made of 
all the groups within the 1'hyllanthinae. Mueller, in his thoughtful critique 
of previous systems of the Euphorbiaceae ( 1866a ). pointed out that one of 
the most glaring deficient ies of Uaillon's monograph was that author's fail- 
ure to study the groups beginning with the species level. It is because of 
this emphasis on the species as the fundamental entity that Mueller's stud- 
ies are still so valuable today. Intil the laborious job of analysis on this 
level is completed, taxonomic  conclusions  must   necessarily be  tentative. 
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and traditional circumscriptions of taxa accepted insofar as is possible. 
Nevertheless, studies already finished indicate that extensive changes, 
many of them nomenclatural, are immediately required, and more will 
be forthcoming for some time. However, it is hoped that this temporary in- 
stability in names will be compensated for by the increase in our knowledge 
of the biology of the organisms. 

TECHNIQUES 

During the course of this study, the examination of herbarium specimens 
and correlation of the literature have inevitably occupied a great deal of 
time. However, in order to advance beyond the concepts of previous work- 
ers it has been necessary to study the morphology of the plants in greater 
detail, using a few techniques in addition to those of standard herbarium 
practice. A rather sizable collection of herbarium sheets, pickled material, 
and seeds collected in Cuba and Jamaica has made fairly detailed investiga- 
tions possible. 

For analyzing the gross morphological features of herbarium specimens, 
a data sheet has been devised which also contains spaces to record observa- 
tions on pollen morphology and leaf anatomy. Measurements of vegeta- 
tive structure, fruits, and seeds were taken from dried specimens, but the 
flower parts (except for the calyces of female flowers) were measured in 
water. Refined statistical studies have not been attempted in most cases, 
but an effort has been made to take measurements from structures of com- 
parable age and position. Thus, measurements of internode, stipule, and 
leaf blade dimensions are taken from the middle half of branchlets, unless 
specifically stated to the contrary. Organs abnormally developed or not 
fully mature have been avoided insofar as possible. However, it is not 
always easy to decide if a structure is fully or normally developed; unfor- 
tunately this is particularly true of the fruit and seed in Phyllanthus, for 
in some species the capsule is fleshy until late in development and in others 
it dehisces precociously on the drying of the specimen, whether mature 

The study of gross morphology presents a special problem in Phyllan- 
thus because of the very small size of the flowers of many species. In 
many instances accurate observation requires magnifications of at least 
30-50 diameters with substage lighting, and even then mistakes of observa- 
tion are not precluded. Tn preparing dried flowers for examination, the 
most satisfactory method appears to be placing them in a solution of com- 
mercial photographic wetting agent; they may then be kept in small packets 
if reexamination is required. Commercial detergents such as "Dreft" ac- 
complish the same end I>ui are less satisfactory for the small-flowered 
species of Phyllanthus because they cloud the water and accumulate pre- 
cipitates around the flower parts. Boiling is perfectly satisfactory for the 
larger flowers but is too destructive to the smallest delicate ones. 

One of the chief annoyances encountered in the study of herbarium speci- 
mens was the recording of geographical data.   The need for an historical 
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gazetteer of the West Indies becomes quite apparent to anyone who has 
tried to find old localities in Cuba or Hispaniola, for instance. However, 
Urban's bibliographic and historical notes in the "Symbolae Antillanae" 
(volumes 1 and 3) have helped a great deal to overcome this deficiency. 
For information on Cuban collectors, the summary by Leon (1918) and 
the discussion and map of Charles Wright's localities in Oriente Province 
by Jervis (1953) are especially useful. A detailed report on the explora- 
tions and collections of Ekman in Cuba and Hispaniola would certainly 
be appreciated by Caribbean botanists. 

A better understanding of the relationships of many groups has been 
obtained by anatomical studies of the vegetative and reproductive struc- 
tures, using the technique of cleared whole mounts as perfected by Wagner 
(1952) and by I. W. Bailey and his collaborators at Harvard. Individual 
leaves, portions of leaves, or entire flowers are first softened in potassium 
or sodium hydroxide for a few days; if preparations are needed quickly a 
few hours in heated potassium hydroxide are usually sufficient to treat even 
the most coriaceous leaf blades. The organs, which often are still quite 
opaque after this preliminary treatment, may then be bleached in 50% 
sodium hypochlorite until clear enough so that newsprint can be read 
through them. Then they are carefully rinsed in water, treated briefly in 
lactic acid, and stained overnight (or for a shorter period) in 50r/

f alco- 
holic safranin. The tissues of most species of Phyllanthus appear to have 
a great affinity for safranin; successful preparations have been made from 
material left in the dye without heating for as little as thirty minutes. 
Following the standard method of Johansen (1940) the material is differ- 
entially destained in 95% alcohol saturated with picric acid, followed by 
brief immersion in 95 ^ alcohol to which a few drops of ammonia have been 
added. If the material is thin, it can then be removed directly from 95% 
alcohol and mounted in diaphane. Very thick coriaceous leaves, however, 
are best transferred to absolute alcohol for a few minutes in order to re- 
duce the chances of contamination by water. Fast green was tried as a 
counter-stain but proved unsatisfactory because it acted so rapidly that 
uniform differentiation within thick mounts was impossible. Safranin alone 
is perfectly satisfactory; in good preparations one can study stomata, epi- 
dermal cells, and mesophyll almost as well as the vascular strands. Foster's 
tannic acid method (1934) did not prove very successful with whole mounts 
of leaves of Phyllanthus because differential staining was too uneven. 

No special difficulties were encountered in making microtome sections 
of flowers and stems and staining them with safranin and haematoxylin or 
fast green. Macerations of the wood of several species were also prepared 
to show vessel structure; these were mounted in diaphane. Free-hand sec- 
tions of twigs of several species were stained with aniline blue, and slides 
of the species available in the Harvard wood collection were studied. 

Some of the most interesting morphological data were obtained from 
whole mounts of pollen grains, following the technique suggested by Wode- 
house (1933). The grains were squeezed on a slide by manipulation of a 
wetted flower and washed with 95%  alcohol to remove the oil globules 
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adhering to them. A bit of methyl-green glycerine jelly on the tip of a 

dissecting needle was then touched to the grains until several of them 

adhered. Another clean slide was heated on a warming plate and the bit 

of glycerine jelly melted on it. Following the suggestion of F>dtman 

(1952). many mounts were prepared by plating a no. 1 circular coverslip 

over the jelly and running melted paraffin under the edge of the coverslip; 

the paraffin cools quickly and forms an air-tight seal. Continued experi- 

ence, however, has shown that this method has some serious disadvantage-. 

The paraffin seal i> not durable and consequently the slides must be care- 

fully protected and handled with great care. Furthermore, the refractive 

index of the glycerine jelly is not satisfactory for accurate inspection of 

many pollen grains. Recently, mounts have been prepared by placing the 

grains in lactic acid and sealing the rim of the coverslip with ordinary 

transparent nail-polish; exine details appear to be much clearer with slides 

of this type, but how long they will last remains to be seen. 

Occasionally other techniques have been used to a minor extent for 

specific structures. Often the leaves and dowers of some species of Phyl- 

lanthus remain somewhat opaque even after treatment with potassium 

hydroxide and sodium hypochlorite. These are best studied after immer- 

sion in chloral hydrate solution for one or several days; this is particularly 

useful for fruits and seed coats. Microchemical tests on seed co;rts and 

leaves to determine the presence of lignin. suberin, and cellulose yielded 

some interesting results, and offer considerable promise for further investi- 

gations. Cytological techniques present many difficulties because of the 

small size of flowers and of the individual chromosomes as well as of the 

large numbers of chromosome- in the woody forms, but the results should 

be interesting enough to warrant some effort. 

GROWTH  FORM 

As a preliminar\ to a detailed < onsideration oi the morphology of vegeta- 

tive and reproductive organ-, the following survey of the different types of 

bi  i   h n"   n Phyllanthus is presented. 

Many of the current systematic difficulties in the I'hyllanthinae are di- 

rectly traceable to the lack of appreciation of vegetative structure dis- 

played by Mueller Argoviensis .Mueller was aware of some of the differ- 

ences in habit, but since he took the Linnaean view that only lloral differ- 

ences were of importance in defining supraspecitic taxa. he only utilized 

the branching type to separate a few species in sections P/tyllant/ms and 

ParapliyllantliHs. Nowhere did Mueller demonstrate a thorough apprecia- 

tion of the significance of growth form within the genu-, despite his accu- 

rate observations on minute detail- of floral morphology. The reason evi- 

dently lies in his lack of acquaintance with the living plant-; the different 

types of growth form are often far from obvious with  fragmentary sped- 
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the first (and only) author to present a comprehensive and accurate anal- 
ysis of the different modifications of growth form in the genus. He not 
only demonstrated convincingly the derivation of the plants with phyl- 
loclades from less specialized types, but also discussed the evolution of 
growth form throughout the entire genus. Unfortunately, the striking results 
of Dingler's study were largely passed over by morphologists and system- 
atists. In the last general review of the genus. Pax and Hoffman (1931: 
61) were content to observe that the '\\"nun:-Typus" occurred in different 
sections; they still retained wit Inn the Muellerian sect. Euphyllanthus 
some of the vegetatively most diverse species of the genus. In the follow- 
ing discussion the species of Phyllanthus will be considered under four 
classes, based on the branching pattern. 

Type I. As Dingier recognized, a comparatively small number of species 
of Phyllanthus have what may be termed a completely unspecialized kind 
of branching. Phyllanthus polygonoides, a widespread species of Mexico 
and the southwestern U.S.. and its close relative, /'. plat vie pis of Florida, 
may serve as examples of this group (PLATE-FIG. 1). Here the phyllotaxy 
is completely spiral and the axes are all equivalent. The only noticeable 
specialization is the varying length of stems and their internodes. In P. 
polygonoides, for instance, a leafy "winter rosette" analogous to that i.i 
Panicum subg. Dichanthelium is formed by shortened branches from the 
lowermost axils. 

Many of the species in this class are vegetatively quite similar to species 
of Andraehne, but have very different apetalous flowers without pistilhdes, 
so that the resemblance is presumably due to parallel evolution. In addi- 
tion to the North American P. polygonoides and its relatives, several Aus- 
tralian species such as /'. ealyt inns and /'. thymoides have completely spiral 
phyllotaxy. 

A number of species, both herbaceous and woody, have stems with the 
phyllotaxy spiralled below and distichous above. Herbaceous examples are 
some of the species related to the widespread Old World species P. madcras- 
patensis; the differentiation hen- is very slight, for the same axis may have 
leaves spirally arranged below and distichous above, and the inflorescences 
may be borne indiscriminately on any axis. These spec it's form a transition 
between types I and II without, however, reducing the value of distinguish- 
ing between the classes. 

Type II. In P. earolinicnsis of sect. Lnxopodium and P. virgatus of 
sect. Maeraea the phyllotaxy is. at least after the first few nodes above the 
cotyledons, completely distichous. However, since flowers may occur at 
any node, there is still no differentiation of axes. Most of the representa- 
tives of this class, which includes the only really temperate species, are 
herbaceous, but some of the tropical species are definitely shrubs. Corre- 
lated with the distichous phyllotaxy is a trend toward more or less flattened 
stems with two lateral angles or wings: this line of development culminates 
in the Tahitian P. aoraensis. which has broadly winged stems similar to 
those in some of the tropical Loranthaceae. 

Type III.   A number of woody  species,  such as  /'.  graudiiolius.  P. 
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nutans, and P. pachystylui (PLATE-FIG. 2) of sect. Rlutanthos, present a 
somewhat different kind of predominantly distichous phyllotaxy. Here 
the seedling axis appears to bear spiral leaves, but the lateral axes all have 
distichous leaves except occasionally at the first few nodes on a lateral 
branch. In a mature, copiously branching plant of this type, the branches 
coming off the main stem arc all alike, bearing flowers (at least potentially) 
at every node and producing similar branches more or less indiscriminately 
from the same or different nodes as the flowers. 

Not only is this sort of growth-form probably the most common one 
among tropical alternate-leaved shrubs of all families, but the same pattern 
of distichous-leaved lateral shoots borne by a primary axis with spiral phyl- 
lotaxy is exhibited by the seedlings of many of our familiar temperate trees 
such as Celt is, Quercus, Fagus, and Tilia. A common characteristic of all 
these plants is the persistence and essential similarity of the axes which 
produce flowers and new branches. 

Type IV. The great majority of both the woody and herbaceous species 
of Phyllanthus, however, have a growth form radically different from those 
just described. In the plants of this type there are two completely dif- 
ferent kinds of axes; the penultimate axes have spiral phyllotaxy with 
leaves modified as cataphylls which subtend deciduous, floriferous, dis- 
tichous-leaved ultimate axes. The stems, in other words, are differentiated 
into persistent, flowerless, "leafless" long-shoots, and deciduous, floriferous, 
"leafy" short-shoots. Since this specialized type of growth form character- 
izes over 550 of the 650 species in the genus, it seems appropriate to desig- 
nate it as phyllanthoid branching. 

It is not surprising that among so many species there should be some 
unusual modifications of phyllanthoid branching. We may first profitably 
examine the typical situation in a species which may be clearly related to 
the less specialized types in the genus. As an example, a common annual 
weedy species, P. tcncllus (TEXT-FIG. 1; PLATE-FIG. 3) may be useful. 
The seedling of P. tenellus usually bears normal leaves with expanded 
blades at the first four nodes above the cotyledons; then, however, there is 
an abrupt change, for the subsequent leaves on the main axis are all scale- 
like cataphylls. The first two lateral axes, at nodes 3 and 4, are subtended 
by normal leaves, but the rest are all subtended by cataphylls. 

These lateral short-shoots have a very characteristic form. The proximal 
internode (in P. tenellus) is very long and the succeeding ones much 
shorter, so that the gross appearance of the branrhlet is that of a petiolate 
pinnately compound leaf, and it was indeed regarded as such by the botan- 
ists of the Linnaean era. It further resembles a leaf in its limited growth 
and regular abscission; and in /'. a warns and many other herbaceous species 
the leaves fold together along the branch-axis at night in the manner of 
the leaflets of a leguminous leaf. Phyllanthus urinaria is reported to imi- 
tate Mimosa pudu a by responding to touch with a slow folding up of the 
leaves. A number of species agree with P. tenellus in having a distinct 
pulvinus at the base of the pseudo-petiole. The superficial resemblance to 
leguminous leaves may thus become very close indeed, but these lateral 
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axes of Phyllanthus differ, of course, in the production of flowers in the 
axils of most or all of the leaves. This specialized kind of short-shoot will 
be referred to in this work as the deciduous branchlet. 

The apic;il  region is shown : 

As its name implies, the deciduous branchlet does not carry on the 
branching of the plant; but in its axil occurs a bud which may expand into 
a long-shoot that morphologically resembles the seedling axis, i.e., it bears 
spirally arranged cataphylls each of which subtends a deciduous branchlet. 
The long-shoot, which bears only floriferous branchlets (never flower-clus- 
ters) in the axils of the scale-leaves, has often been referred to as the 
"penultimate branch" in systematic literature. However, it seems more 
feasible to designate it as the permanent branch. For the sake of brevity, 
the two types of stems may be referred to as "branch" and "branchlet." 
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Phyllanthoid branching is thus the distinctive pattern resulting from the 

orderly concatenation of deciduous and persistent axes. Typically, a de- 

ciduous branchlet and the hud of a permanent branch (which may or may 

not develop) are produced at each node on the main axis. In herbaceous 

species such as /'. tmelius the branchlet and branch may appear collateral, 

but in woody species such as /'. discolor the branch definitely appears to be 

in the axil of the branchlet. Actually, close inspection shows that even in 

the herbaceous species the branch arises axillary to the branchlet, although 

its position later shifts. The unexpanded permanent branch is therefore 

an accessory bud in the classical definition (cf. Cray. I S7Q: 44). However, 

Dingier (1885: 23-25), on the basis of his studies of ramification in Phyl- 

lanthus, advanced the theory that the permanent brant h hud ("Beiknospe") 

is not an independent or accessory" structure but rather represents a 

branch from the first node of the deciduous branchlet. He assumed that 

the first internode of the branchlet is so greatly shortened that the two 

axes appear to originate at the same level. 

The spatial relationships of bract- and axe- appear to support this con- 

cept. The scale which subtends the permanent branch lies obliquely oppo- 

site the cataphyll -ubtending the branchlet and adjacent to the main axis 

(TEXT-FIG. 2aj. If the reverse assumption — that the branchlet is pro- 

duced from the base (first node) of the branch is made, then the latter 

should lie adjacent to the cataphyll subtending the branchlet rather than 

adjacent to the main axis  (TEXT-PIG. 2b).   The fact that this has never 

•\ - • *•"   - • 

TKXT-FIO. 2. Diagrams indicating the alternative pussihle positions of scales 
and axes at the node of a species with phyllanthoid branching. The cataphyll (C. 
here shown undivided tor the sake of simplicity) and deciduous branchlet (DB) 
are shown stippled; the main stem or branch (Si and the two small axillary 

lent branch buds (unlabelled) are shown lined. In the diagram on the 
a) the scale or cataphyll (X) subtending the first permanent branch lies 
n the branch and main stem; this is the situation observed in living plant-, 
hypothetical alternative diown in the diagram on the right (2b) the scale 
•s on the other side of the deciduous branchlet. 

been observed suggests that Dinglehs idea is probably correct, so that 

permanent branch may be regarded as derived from a lateral branch of 

deciduous branchlet. 

A further complication, however, arises wdth the development of 

primordium of another permanent branch in the axil of the first one. N 

mally this second permanent  branch remains arrested as a small bud 
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occasionally it expands; there ma\ even be four or five permanent branches 

produced at a node, each axillary to and theoretical];/ springing from the 

base (lowermost node) of the one preceding. A perhaps more satisfying 
conception of this might lie to regard the deciduous branchlet. and its axil- 

lary permanent branches as a whole shoot, the lowermost branch of which 

has become a spei ialized dorsiventral structure divergent from the remain- 

ing radial branches. This would take care of a difficulty raised by the 

pattern of seedling development in several species. In P. amarus and 

P. tcncllus. for example, permanent branches may occur at the cotyledonary 

and successive two nodes, where there are never any deciduous branchlets 

developed. If permanent branches are considered as ramifications of de- 
ciduous branchlets. it might be wondered how the\ could arise at these 

nodes where their "mother axes ' are missing. But on the basis of the 

"whole-shoot" concept, the interpretation would be that the suppression 

of the deciduous branchlets at the lowermost nodes, which is correlated 

with expanded leaf-blades, does not affect the permanent branches. It may- 
be recalled here that the "competition" between the foliage leaf of the main 

axis and the leaf-like branchlet usually results in an inverse correlation 

of their relative development. 

The systematic implications of phyllanthoid branching are nicely shown 

in considering the relationship between /'. tenellus and /'. amarus. The 

latter has a very similar seedling development, differing chiefly in the minor 

points that the first deciduous branchlet (from node 3) is sterile and that 
the permanent branches develop from nodes 1 and 2 much less precociously 

than in P. tcncllus. Mueller placed these two species in the widely sepa- 

rated sections Mvnarda and i'.uphyllanthus on the basis of stamen number; 
but the similar growth form and pollen grains suggesl that the two species 

are more closely related than previous taxonomic systems would suggest. 

Many similar instances of unnatural classification due to lack of recogni- 
tion of growth forms could be adduced. On the other hand, it must be 

remembered that phyllanthoid branching pi r \r is not necessarily an accu- 
rate guide to affinity. Phylhuithus urinaria, for example, has a growth form 
very similar to that of P. amarus, but it appears to be more closely related 

to the species of sect. Loxopm/ium, which have distichous branching. Ap- 
parently phyllanthoid branching has arisen more than once in unrelated 
sections of the genus, so that its taxonomic significance, though often great, 
must be interpreted with care. 

The seedlings of /'. tcncllus and /'. amarus have been described as having 
a single long-shoot, the mam seedling axis, which bears the deciduous 

branchlets. But in older plants of these species, or ones which have been 
injured in some way. several of the accessory buds" may grow out into 

long-shoots and the plants may thus became considerably branched. In 
related perennial species such as /'. abuormis the dominance of the apical 

meristem is short-lived, the adult plant then developing several main 

branches. Among many of the herbaceous perennial species, particularly 
of sect. Phyllanthus, there is a phylogenetic trend toward loss of dominance 
of the apical meristem.   This reaches an extreme stage in /'. pcntaphyllus. 



108 JOURNAL OF THE ARNOLD ARBORETUM     [VOL. XXXYII 

where the primary axis becomes abortive just above the cotyledons and a 
cluster of wiry permanent branches grow out as coordinate main stems. 
The resulting habit is analogous to that in some species of Euphorbia subg. 
Chamaesyce, as illustrated by Croizat (1937). 

Many of the shrubby species of Phyllanthus probably have a growth 
sequence basically similar to that in P. tenellus, although in most cases 
their germination and early seedling development has not been followed. 
In some species such as P. juglandifolius of sect. Asterandra the permanent 
branches may be almost or entirely suppressed; the plants then have a 
palm-like or tree-fern-like ("schopfbaumartig") habit, with leafy branch- 
lets clustered at the apex of an unbranched trunk (PLATE-FIG. 4). In other 
woody species, such as P. orbicularis, the permanent branches become well- 
developed and the mature plants consequently have a bushy habit. 

Another complication of phyllanthoid branching is displayed by those 
species in which "secondary short-shoots" occur. A number of West Indian 
species show this phenomenon to some extent, P. subcarnosus being one 
of the best examples. Here there is superimposed on the basic pattern of 
permanent branch and deciduous branchlet a differential elongation of the 
internodes of the permanent branches. The result is that most of the cur- 
rent leafy branchlets will be found clustered at the tips of spur-shoots. 
This sort of development, which is comparable to the short-shoot develop- 
ment in Gingko, should not be confused with phyllanthoid branching, for 
there is no important morphological difference between long-shoot and spur- 

In some species with this kind of development the spur-shoots may be- 
come so reduced that several deciduous branchlets will appear to be fasci- 
cled at the same node; the commonly cultivated P. emblica provides the 
most familiar example. In Phyllanthus, the cauliflorous condition appears 
to have arisen by a combination of extreme spur-shoot development and 
the differentiation of the deciduous branchlets into "leafy" sterile and 
"leafless" fertile axes. The result is the production of sterile leafy branches 
at the ends of twigs, with the flowering branchlets (the leaves often reduced 
to scales) developing further back at nodes from which the leafy branchlets 
of the previous year have fallen. Phyllanthus mihlitu has travelled part 
of the way toward cauliflory, for it does have fertile and sterile branchlets; 
but the fertile branchlets still have the leaves reduced only at the proximal 
end. In P. acidus and /'. caulijlorus true cauliflory is achieved, but both 
species also produce some partially leafy fertile branchlets. In Phyllanthus 
the cauliflorous condition never reaches such an extreme state that there 
is no flower production by normal leafy branchlets. 

So far phyllanthoid branching has been discussed with regard to those 
species having what may be termed "pinnatiform" branchlets, i.e., branch- 
lets with an unramified main axis on which the leaves are attached in the 
manner of leaflets on the rachis of a simply pinnate leaf. But there are 
at least 25 or 30 species, belonging to three different sections, in which the 
branchlets are "bipinnatiform." In P. ovatus of the West Indian section 
HemiphyUanthus, for example, the branchlet consists of a main rachis with 
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the leaves reduced to cataphylls but in distichous arrangement  (TEXT- 

FIG. 3).  Each cataphyll subtends a leafy floriferous lateral axis which is 
comparable to the entire pinnatiform branchlet of P. amarus or P. jug- 

is, but (as shown below) not homologous with it. 

TEXT-FIG. 3.  Branch of P. ovatus Poir., a species with lupinnalih 
branchlets.   A 1, apex of branch; A 2, apex of prim ary axis of brai 
primary (penultimate) axis of branchlet;    DB 2. secondary (ultii 
branchlet; PB, permanent branch.   The cataphylls subtending the 
have been omitted from the drawing. 

The bipinnatiform branchlets of the species of sect. Nothoclema are less 
specialized, for normal foliage leaves are borne at all the nodes of both 
primary and secondary axes. In such species as P. subglomeratus flowers 
also occur at all the nodes of both axes, while in others such as P. acumi- 
natus flowers may be nearly or completely confined to the lateral axes. 
Phyllanthus acuminatum has an especially interesting branching pattern: 
each new permanent branch (arising from the axil of a branchlet of the 
previous year) produces about 3-6 branchlets, the first one pinnatiform 
but the succeeding ones all bipinnatiform. This not only shows that pin- 
natiform branchlets may be derived from bipinnatiform ones by reduction, 
but also demonstrates that the pinnatiform branchlet is homologous to 
the entire bipinnatiform one rather than to one of its lateral axes. 

It by no means follows, however, that pinnatiform branchlets all repre- 
sent reduced bipinnatiform ones.   As a matter of fact, the species with 
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bipinnatiform branchlets belong to ratlu-r advanced sections of the genus; 
and the branchlels of the species that appear to have the most primitive 
kind of phyllanthoid branching are all pinnatiform. These species with 
ramification that appears transitional between phyllanthoid and unspecial- 
ized branching are, of course, especially interesting. In P. sdUnvianus of 
South America and /'. ^iiiuiii of Australia, deciduous lloriferous branchlets 
are produced but the leaves on the main axes (permanent branches) are 
usually not reduced to cataphylls. This condition, which is probably prim- 
itive in these two woody species, may be simulated in .specialized herbaceous 
species such as P. niruri or P. bcrtcroanus. which may sometimes produce 
foliage leave> at all but the very highest nodes on the main axes. In this 
instance, however, the occurrence of unreduced leaves seems clearly corre- 
lated  with  the suppression  of deciduous  branchlets. 

In all four species mentioned above the branchlets are deciduous with 
distichous phyllotaxy. and are the only axes bearing flowers. These are 
the decisive characteristics in the definition of phyllanthoid branching. 
The deciduous character of the branchlets should be emphasized, for the 
leaf-mimicking quality contingent on this feature is what gives such a 
distinctive aspect to the species with phyllanthoid branching. There doubt- 
less is a correlation between the restriction of flowers to the lateral axes 
and their deciduous character. The evolution of phyllanthoid branching 
may therefore be crudely visualized to have taken place in two steps: 
first, the change from numerous equivalent axes with spiral phyllotaxy 
to a single erect main spiral-leaved stem with dorsiventral lateral branches: 
and second, the restriction of inflorescences to the lateral axes together 
with a loss of the capacity of the axes for unlimited growth. Dingier 
(1SX5: 87) visualized the predominance of the main axis over the laterals, 
which is a necessary prerequisite to the origin of phyllanthoid branching, 
as a result of the adaptation of the plant to i ompetition with other individ- 
uals. This idea is supported by ecological studies of the tropical rain-forest 
which have shown that there is indeed among seedlings ,,n intense . ompeti 
tion for the available light and a resulting selective premium on speeded-up 
ontogeny. Consequently phyllanthoid branching may be imagined as an 
adaptation largely established by the effects of seedling competition of 
plants of a specific constitution. The entire, relatively small, not exces- 
sively sclerifled leaves of the vegetatively unspecialized species of Phyllan- 
thus may thus be conceived as -pre-adapted" for the evolution of leaf-like 
deciduous branchlets. 

Dingier (1S85: 97) noticed that the vegetatively unspecialized species 
of Phyllanthus (those with spiral phyllotaxy) show a significant ecological 
correlation, viz., they occur in open habitats in dry regions where there is 
not an intense competition for light, either between individuals or between 
stems on the same plant. This is doubtless true, but it would be incorrect 
to conclude thereby that these species are necessarily the most primitive 
type in the genus. There is no evidence that am species with unspecialized 
brandling has evolved by reversion from a species with phyllanthoid 
branching.    But   slight!)   spei ialized   forms  such  as   the  distichous-leaved 



1956] WITiSTKR. WKST  INDIAN  I'HYLhAXTHUS 111 

species of sect. Klutanthos, which seem to have no strictly determined vege- 
tative structure, might well have given rise to species with spiral phyllotaxy 
and thus seemingly more primitive growth form. 

The pervasive specialization of growth form in Phyllanthus culminates 
in the species of sect. Xylophylla. in which the branchlets have become 
leafless phylloclades. Dingier, who was the first to make a thorough in- 
vestigation of the phylloclade-bearing species, suggested that the South 
American species of Xylophylla sensu Mueller were derived from "zweiaxi- 
gen" ancestors (i.e.. species with pinnatiforni branchlets). while the West 
Indian species were derived from dreiaxigen" progenitors with bipinnati- 
form branchlets. This suggestion of the independent origin of phylloclades 
within the genus, though seeming perhaps improbable at first glance, has 
been decisively confirmed in the present study. Unfortunately Dingier ob- 
scured his point by claiming (1885: 101. 135 136) that the live species- 
groups which he recognized in Xylophylla represented parallel lines, each 
originating independently from different "beblatterten" ancestors. How- 
ever, it seems most probable that the phylloclade-bearing species of Phyllan- 
thus originated from only two ancestral groups. The South American 
species, which have probably been derived from representatives of sect. 
Phyllanthus with pinnatiforni brain hlels. must be grouped together in sect. 
Chorctropsis. Section Xylophylla must be restricted to the West Indian 
species, which have probably been derived from sect. Ilcwiphvllanthus. 
the members of which have bipinnatiform branchlets. 

Dingier (1885: 94-95) further made the interesting conjecture that the 
origin of phylloclades in the West Indian species did not represent a 
xerophytic adaptation as it probably did in the South \merican ones. He 
suggested instead that in the Xylophylla group a slight alteration in en- 
vironmental conditions was probably sufficient to favor increased develop- 
ment of the lateral axes at the expense of the leaf-blade-. 

The homologies of the different types of phylloclades were investigated 
by Dingier (1885: 18-19). who demonstrated "that the simple phylloclade 
of P. cpiphyllauthus (TEXT-FIG. 4) has been derived b\ reduction from the 
compound one of some species such as P. latijolius or P. sprriosus ( P. 
arbuscula) (TKXT-FIG. 5). Part of his supporting evidence was the observa- 
tion that P. cpiphyllauthus occasionally produces compound phylloclades 
while P. arbuscula occasional]} produces simple ones. His report that /'. 
arbuscula bears simple phylloclades on the seedling axis which are suc- 
ceeded above by compound ones has been confirmed by personal observa- 
tion, in*Jamaica, of seedlings of this and other related species. The sugges- 
tion that the simple phylloclade represents a "Hemmungsbildung" of the 
compound one is supported by this evidence and by the observed reaction 
of a plant of P. clon^atus to pruning. The- latter normally bears com- 
pound phylloclades. but when a main branch is pruned off the fust phyllo- 
clades arising on the branches from the- axillary buds are simple and veri- 
similar to those of /'. cpiphyllauthus. The origin of simple phylloclades 
is therefore analogous to the production of reduced leaves (calapavlls) on 
the lower part of the shoot of many plants, or to the occurrence of the 
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initial pinnatiform branchlet, followed by bipinnatiform ones, o 
shoot of I 

The systematic importance of phyllanthoid branching remains to be con- 
sidered in its more general implications. Most, and probably all, of the 
species of Breynia, Glochidion, and Sauropus appear to have typical phyl- 
lanthoid branching; this, and evidence from floral morphology, strongly 
suggests that these genera are derived from Phyllanthus or from a closely 
related ancestral  form.   The subtribe  Phyllanthinae  could  therefore  be 

TEXT-FIG. 4. Branch of P. epiphyllanthus L., a species with simple phyllo- 
clades. A, scaly apex (the meristem covered by aggregated cataphylls); C. 
cataphyll (the blade and stipules fused into a single structure in this species); 
DB, phylloclade;   PB, branch or main stem. 
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characterized by phyllanthoid branching, except for the fact that a con- 
siderable number of species of Phyllanthus have less specialized growth 
forms. It is true that Phyllanthus as construed by Mueller and by Pax 
and Hoffman is polyphyletic, but even when obviously discordant groups 
such as Margaritaria are removed, there still remain over fifty species of 
Phyllanthus which have more or less unspecialized branching patterns. 
As will be shown later in the present study, the simple procedure of put- 
ting the species with phyllanthoid and non-phyllanthoid branching into 
two different genera will not work, because it obviously violates natural 
affinity. Not only are there close relationships between species with and 
without phyllanthoid branching, but it appears likely that this specializa- 
tion has arisen more than once within the genus. Consequently, phyllan- 
thoid branching, despite its importance, cannot unqualifiedly be used to 
define the subtribe Phyllanthinae or its constituent genera. 

It is not yet clear how widespread phyllanthoid branching is among 
other groups of angiosperms.   It has already been remarked that genera 

TEXT-FIG. 5. Branch of P. arbuscula (Sw.) Gmel., a species with compound 
phylloclades. A, scaly apex, shown considerably enlarged above; CB, cataphyll 
blade; CS, stipule of cataphyll; DB 1, primary (penultimate) axis of phyllo- 
clade;   DB 2, secondary (ultimate)  axis of phylloclade;   PB, branch or main 
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such as Ccltis. Quants, Fagus. and Tilia represent a relatively unspecial- 
ized condition. The seedling of any one of these genera has a main axis 
bearing spirally arranged foliage leaves which subtend more or less dorsi- 
ventral lateral shoots. The leaves on the main axis are not modified into 
cataphylls and the ultimate branches are not ordinarily deciduous, so that 
these plants represent a stage equivalent to that of P. nutans (sect. Flu- 
tan thos). 

There are a few temperate genera which show a closer approach to 
phyllanthoid branching. In both Finns and Brr/uris there are long-shoots 
bearing spiral cataphylls which subtend shorl shoots of limited growth. 
In Babais vulgaris, as illustrated by (hay (1879: fig. 234), the long- 
shoot has at the base one or more nearly typical leaves, but the succeeding 
ones become more and more spine-like until the upper nodes bear only 
three-pronged spines. The chief differences from phyllanthoid branching 
are the gradual transition from foliage leaf to cataphyll and the presence 
of radial non-deciduous shoots. The leafy short-shoots of Finns are much 
more limited in growth than those of Brrbrris but still are radial, and fur- 
thermore do not bear reproductive stun lures. Thus although I'inus and 
Bcrbcris show a certain approach to the growth form prevalent in the 
Phyllanthinae. their branching patterns arc not specialized enough to be 
classified as phyllanthoid. 

So far the only plant outside of the Phyllanthinae in which phyllanthoid 
branching has been observed is Casraria sylvcstris ( Hacourtiaceae), living 
plants of which were examined in the Atkins (iardens. Soledad. Cuba. In 
this species the leaves on the main axis are reduced to cataphylls and the 
lateral axes are lloriferous, leafy, deciduous bran* hlets: the resulting habit 
of the plant is quite similar to that of such species of I'hyllauthus as 
/'. juglandiiolius. Casraria, like Phyllanthus, shows considerable diversity 
in growth form, for many species in the genus certainly have non-phyllaii- 
thoid branching. It is not impossible, of course, that phyllanthoid branch- 
ing may be found in other genera of the Llacourtiaceae or in other families 
with tropical woody representatives. The various genera with the habit 
of miniature trees ("Schopfbaiimchen") would be apt to exhibit approaches 
to or modifications of phyllanthoid branching. There are a number of 
interesting evolutionary problems connected with this possibility. Richards 
(1952: 76-77). for instance, has observed that the majority of the shrubs 
in the tropical rain forest have the Schopfbaum habit and has suggested 
that these plants should be regarded as procociously reproducing trees. 
This does not appear to be the case in Phyllanthus, but it would be interest- 
ing to investigate the problem in other families. 

ST KM 

The morphology of both the vegetative and floral parts of Phyllanthus 
may be profitably discussed in (lose conjunction with their anatomy.   This 
is  particularly   apropos   in   the   Kuphorbiaceae.   where  anatomical   studies 
have played a systematically significant  role.   The family was one of the 
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first to be thoroughly investigated from the standpoint of correlating anat- 
omy with systematica: Tax (1SS4) initiated this phase of study in the 
Euphorbiaceae by applying anatomical criteria to test the validity of the 
various suprageneric groupings proposed by Mueller, Baillon, and Bentham. 
Since Pax became the chief authority on the systematica of the family, an 
emphasis on anatomical definition of the taxa tended to be maintained. 

Subsequent to Pax's classical paper, the Munich school of anatomists 
led by Radlkofer greatly extended the knowledge of the anatomy of the 
Euphorbiaceae by investigating several tribes in greater detail. The re- 
searches of most direct interest here are those of Froembling (1896), who 
worked with the Muellerian subtribe Euphyllantheae. He studied 87 
species of Phyllanthus sensu Mueller; but in interpreting his results it 
must be remembered that about 20 of these have subsequently been re- 
moved to other genera (mostly to Clot Indian). Rothdauscher (1896) pro- 
vided a good report on the Phyllantheae other than the Euphyllantheae 
which summarizes data of value for anatomical comparisons of Phyllanthus 
with related genera. 

Comparatively little detailed histological work has been done on the 
Phyllantheae in subsequent years. Gaucher (1902) presented an anatom- 
ical survey of the Euphorbiaceae which contains some information of 
interest. Unfortunately, however, he either ignored or was unaware of the 
work of the Radlkofer school, and as Solereder (1908: 1048) has pointed 
out. some of his reports are at variance with those of previous workers. 
He considered only 20 species of rhyllauthus and did not discuss most of 
them individually. Dehay (1935) has contributed an interesting mono- 
graph on the vasailatinn ot leaf and petiole in the Euphorbiaceae which 
deserves to be followed up by further research. There seems little doubt 
that the technique of petiolar cross-sections offers considerable promise in 
defining some of the intra familial groups. 

Most recently Metcalfe and Chalk, in their "Anatomy of the Dicotyle- 
dons'' (1950. based on the compendium of Solereder, 1899), have sum- 
marized the anatomical information on the family. Their digest of the 
many papers is valuable, although their bibliography shows some notable 
gaps in the systematic anatomy of the Euphorbiaceae. 

Despite the relatively large amount of anatomical work which has been 
done on the family, however, it is apparent that a comprehensive synthesis 
of this information with evidence from other fields such as gross morphol- 
ogy and cytology has not been attempted. An assimilation of what has 
already been accomplished is required in order to pinpoint the outstanding 
problems. The intensive investigation of these would then go far toward 
improving the classification of this large and difficult family. 

The aim of the present treatment is to bring together what has specif- 
ically been published on Phyllanthus and to add personal observations on 
preparations of West Indian material. These studies have not so far shown 
anatomical characters to be of any great use in distinguishing closely re- 
lated species, but as Pax suggested, they are of particular value in indi- 
cating affinities between  groups of supraspecific rank.   Here anatomical 
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distinctions may sometimes prove invaluable in suggesting whether certain 
floral characters represent true affinity or only parallel evolution. In some 
of the following discussions, therefore, the features observed in Phyllanthus 
will be compared with those in other genera and tribes. The root will not 
be given any special attention, since it does not appear to show any interest- 
ing modifications. Since the gross morphology of the stem has been dis- 
cussed in the preceding section on growth form, the present consideration 
of the stem will center on internal characters as seen in macerations and in 
sections of twigs and mature wood. 

Pax (1884: 413), in establishing the tribes and subfamilies of Euphor- 
biaceae on an anatomical basis, distinguished the Phyllanthoideae from the 
Crotonoideae on the basis of its lack of both intraxylary phloem and latici- 
fers. He could distinguish the Phyllantheae from the Bridelieae, however, 
only on the basis of the production of secondary bast fibers in the latter 
and their absence in the former. Subsequent observations have in the main 
confirmed these diagnostic characters but have so far contributed little to 
the definition of the subtribes. 

As a typical example of young stem structure in Phyllanthus, the wide- 
spread tropical shrub, P. reticulatus var. glaber may serve (PLATE-FIG. 5). 
Free-hand cross-sections of both branches and branchlets of this and over a 
dozen other species were stained in aniline blue and mounted in glycerine 
for study; some cleared whole-mounts of stems were also studied. The 
structure in P. reticulatus will be explained first and then the other species 
will be compared with it. 

The nodes of P. reticulatus (PLATE-FIG. 6) are trilacunar with a single 
trace from each leaf-gap. The same structure is developed in all other spe- 
cies investigated, although the configuration of the traces varies somewhat 
depending on the size of the foliar parts. In Phyllanthus, as in most Euphor- 
biaceae, the two lateral traces supply the stipules and only the central 
trace enters the base of the petiole. In species such as P. acidus, which 
have small, delicate stipules the stipular traces are so small that in a slightly 
oblique free-hand section of the nodal region the node may appear uni- 
lacunar. In species with relatively massive stipules such as P. maleolcns, 
however, the stipular traces are large and conspicuous (PLATE-FIG. 7). 

The epidermis of the young stem of P. reticulatus is composed of small 
chlorophyll-less cells with slightly convex outer walls covered by a thin 
cuticle; rarely, occasional cells are tanniniferous. In other species, such 
as P. shajeri, P. subcarnosus, and P. maleolens, the cuticle is considerably 
thickened. In all species examined, the stomata are nearly plane with the 
surface of the epidermis, or at least are not distinctly sunken. In both the 
stem and branchlet of P. reticulatus there is a distinct hypodermis which 
is usually one cell thick and composed entirely of tanniniferous cells. The 
term "hypodermis" is here used in the noncommital topographical sense 
of Solereder (1908: 1076-1077), as developmental studies are still required 
to establish whether it is a true hypodermis or a double epidermis which is 
developed in Phyllanthus. In P. acidus, P. emblica, and P. discolor there 
is no differentiated hypodermis, while in P. subcarnosus it is well-defined. 
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In the branchlet of P. retkulatus the remainder of the cortex is composed 
of unspecialized parenchyma cells; but in the stem, where the cortex is 
much thicker, there are quite a number of tanniniferous cells (some of them 
aligned in more or less discontinuous rows which roughly parallel the hypo- 
dermis) and the cell-layers immediately beneath the hypodermis are formed 
of collenchyma. Conspicuous tannin cells were also observed in the cortex 
of P. etnblica and P. maleolens, while in the material examined of P. sub- 
carnosus and P. acidus tannin is lacking. Phyllanthus shajeri, P. incrus- 
tatus, and P. maleolens have stone cells in the cortex, and the first two 
species have rhombic crystals as well. 

In P. retkulatus the primary phloem ("pericycle") fibers are thin-walled 
and occur as near-contiguous caps separated by the phloem rays. The 
other species ol Phyllanthus, and those investigated by Froembling, also 
had primary phloem fibers occurring in discontinuous groups, although 
some had elements with thicker walls. The phloem parenchyma in P. 
retkulatus stands out in cross-section because of the abundance of longi- 
tudinally elongated tanniniferous cells. 

All the species investigated had relatively thin-walled primary and sec- 
ondary xylem elements; and nothing was seen suggesting the condition 
reported by Pax (1884: 399; pi. 6, fig. 10), who claimed that the xylem 
nearest the pith was in the Phyllantheae composed entirely of extremely 
thick-walled "Tracheiden" [fibers?]. Although Pax (I.e.) qualified his 
statement by saying that the condition was poorly developed in a num- 
ber of species of Phyllanthus and Breynia, it is probable that he was mis- 
taken as to the nature of the cells concerned. Rothdauscher (1896) re- 
ported no such "primary'" elements in his detailed examination of the Phyl- 
lantheae. Probably the cells in question are lignified pith cells, which 
Rothdauscher (1896: 18, 86) reported for the majority of the Phyllan- 
theae, including Hemicyclia, the genus Pax used for his illustration. 

The pith of P. retkulatus consists of parenchyma cells with unlignified 
walls; those of the branchlet appear to lack contents but those in the stem 
may contain crystals or tannin. Tannin was also observed in the pith in 
P. abnormis, P. cladanthus, and P. emblica. Conspicuous formation of 
starch in the pith was seen only in P. acidus. Phyllanthus shaferi has 
rhombic crystals in the pith, while P. incrustatus is the only species investi- 
gated showing stone cells in both pith and cortex. Lignification of the walls 
of the pith cells was observed only in P. maleolens; but in P. discolor 
and P. montanus the walls have a striking appearance due to the con- 
spicuous primary pit fields. These are enlarged, more or less elongated, 
and may be appressed side-by-side so that the entire wall has scalariform 
pitting like that between vessels and ray parenchyma cells. Metcalfe and 
Chalk (1950: 1228) report medullary bundles in Phyllanthus, but exam- 
ination of the West Indian material and of the literature has failed to 
suggest any basis for their statement. 

The mature stem structure may now be surveyed, beginning with the 
periderm. Cork formation is mainly subepidermal, as reported by Froem- 
bling (1896:  71); the single species mentioned by him as forming cork 
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within the pericycle. P. obovatus. is really a species of Glochidion. Gaucher 
(1902: 171) found that in P. nukcitschianus the cork cambium develops 
in the second or third sub-epidermal layer. Phyllanthus incrustatus, and 
a few other West Indian species, have a precocious and excessive amount 
of cork production which results in the breaking up of the epidermis (and 
perhaps one or two outer layers of the cortex) into [dates; the stems of 
these species consequently have the curious appearance of being incrusted 
with bran-like Hakes ( I'I.ATK-FIO. 8). Unusually specialized cells were 
not encountered in the cork of most species, although a few scierenchyma 
cells were noted along the inner edge of the cork in /'. rmblica. 

Pax (1884: 413) reported that scierenchyma was formed only in the 
primary phloem in the Phyllantheae, but Froembling (1N«6: 71) and Roth- 
dauscher (1890: 22) found secondary "Hartbast" present in both the Eu- 
phyllantheae and the remainder of the Phyllant heae. Froembling noted 
that these secondary elements, which could be distinguished from the pri- 
mary ones by their different color and urealer diameter, occurred in the 
secondary phloem of a number of species o! Phyllanthus, including the 
West Indian /'. ovatus and P. nutans. Anions! the Harvard material, sec- 
ondary fibers of this sort were observed in /'. oublica. In Phyllanthus. 
as in other genera of the I'hyllanlheae. this M.oiiilny phloem scierenchyma 
is scanty and does not form definite layers. Whether this breaks down the 
supposed distinction of the Phyllantheae from the Brulelieae. which are 
reported to have distinct laverimj of parenchvma and sclerenchvnia in the 
phloem, remains to be seen." 

Stone cells were reported in the phloem of P. wultibx u/aris and P. lirtjcri 
by Froembling, but these two species actually belong in Glochidion. No 
stone cells have as yet been detected in the phloem of Phyllanthus. al- 
though they probably occur. Froembling also noted many small druses 
borne in septate fibers (uKrystalkammerlasern") in the phloem of most 
species of Phyllanthus and reported styloids in several, as well as com- 
pound ("zusammenm'setzte") crystals in the form of a "W" in /'. wight- 
ianus. In the Harvard material, styloids were observed in the chambers 
of elongated, septate, thick-walled cells in the phloem of P. emblica. Hut 
these cells, the "Krystalkammerfasern" of Froembling. are not ligniiied as 
are the septate fillers in the wood. 

The structure of the xylem of Phyllanthus is much better known than 
that of the phloem. The following account is based on personal observa- 
tions and on data from Froembling (1896). Janssonius (1930). Pearson 
and Brown (1932), and .Metcalfe and Chalk (1950). The descriptive 
terminology is based on the standard definitions as presented by Moseley 
and Beeks (1955) in their comparative analysis of the xylem of the 
Garryaceae. An important qualification which should be kept in mind is 
that the majority of species of Phyllanthus are not truly arboreal, and 
many of the shrubby species have very slender stems. Consequently, the 
amount of secondary xylem of main species will be inadequate for com- 
parisons between mature and young wood or between woods of different 
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The tracheary elements in the xylem of Phyllanthus are vessels and 
libriform fibres. In cross section (PLATE-FIG. 9) the vessels appear mostly 
solitary or in groups of two or three, although Janssonius reports radial 
groups of up to eight in P. cmblica. Vessel diameter is very small. In the 
four species on which measurements (of one hundred for each species) 
were made, the range and mean diameters were found to be as follows: 
P. cmblica 52-99 it. mean 75.6 ,x\ P. botryanthus 23-58 v., mean 40.2 it; 
P. incrustatus 20-47.5 it, mean 35.4 M; and /'. orbicularis 20-44 tt, mean 
30.3 fi. 

Pearson and Brown and Janssonius reported 13-25 vessels per square 
mm. in P. cmblica, but in the Harvard material the average was 53 per 
square mm., 'very numerous." Apparently this species, which has ill- 
defined growth rings, is quite variable in density of vessels, Phyllanthus 
botryanthus, which is believed to be a rather primitive species on the basis 
of its growth form, show.-, this anatomically in its extremely numerous small 
vessels which average about 9 7 per square mm.! Examination of additional 
species is desirable, in order to determine whether this high vessel density 
is general throughout the genus. 

As reported in the literature, all species examined have vessel-elements 
with simple perforations, but the end-walls of the vessel-elements are usu- 
ally quite oblique (PLATE-FIG. 12). Inter-vascular pitting is alternate and 
small, while pitting to ray or xylem parenchyma cells is simple or narrowly 
bordered with larger pits that are often transversely elongated or even 

As may be seen from TABLE 1, the vessel-elements of Phyllanthus lit 
neatly into the "medium-sized" class, the mean lengths falling within the 
350-800 fx range. There is no apparent correlation between vessel-element 
length and taxonomic position, at least on the basis of the relatively few 
species so far investigated. 

The xylem fibers of Phyllanthus are ordinarily septate and have very 
small inter-fiber pits with linear orifices (PLATE-FIG. 13). They vary in 
total length from about 350 /< ("very short" ) to about 1700 it ("moder- 
ately long"), with the mean lengths of 700-1100 it covering the ''moder- 
ately short ' range. The mean fiber length appears to be a much better 
indicator of degree of specialization and of systematic position than does 
the mean vessel-element length, but the correlation is far from exact. 
P. pachystylus and /'. microdictyus. two of the most primitive species ex- 
amined, do have long libers averaging W2 and 1003 ,,, respectively, while 
those of the highh -pet ialized /'. orbicularis and /'. c pi phyllanthus average 
700 and 731 //. But /'. chryscus, which is also a highly evolved species, has 
the longest libers of the species studied, the mean falling at 1098 it. The 
data as a whole, nevertheless, are suggestive enough to warrant a much 
more extensive survey of the lengths of imperforate tracheary elements 
within the genus. 

Xylem parenchyma in Phyllanthus is mostly paratracheal and scanty, 
one or a few cells commonly occurring adjacent to a vessel and often be- 
tween a vessel and a ray. As Pearson and Brown stated, there is also very 
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scanty metatracheal parenchyma in P. emblica, diffused among the fibers. 

Janssonius reports that the xylem parenchyma strands in P. emblica are 

up to six cells high, and the pit-pairs to vessel elements either simple or 

half-bordered. 

Range of Mean 
Range of Mean vessel   element      vessel 

Species fiber length        fiber length length      element length 

P. pachystylus 577-4150^ 992 ^ 202-974 ^ 477 ^ 
(Webster 3906) 

P. microdictyas 607-1480 1003 368-932 638 
(Webster 3809) 

P. incrustatus 444-1243 993 340-1021 761 
(Webster 4014) 

P. orbicularis 383-1406 700 281-696 474 
(Webster 3884) 

P epiphyllanthus       370-1510 731 168-706 429 
(Jervis 1368) 

P. subcamosus 400-1566 936 330-765 600 
(Webster 4683) 

P. chryseus 661-1723 1098 296-1479 702 
(Webster 3853) 

The rays in the two species oi I'h vUnnthu:. -tudied from radial and tan- 

gential sections are so different that they must be described separately. As 

reported by Janssonius and by Pearson and Brown, only multiseriate rays 

are present in the xylem of P. emblica. These rays in tangential section 

appear composed of roundish cells, with uniseriate wings absent or rudi- 

mentary. In the classification of Kribs (1935), the rays therefore fall into 

the category Homogeneous II (PLATE-FIG. 10). The rays in P. botryan- 

thus, on the other hand, clearly belong in the class Heterogeneous IIA: 

the multiseriate rays have long uniseriate wings, the uniseriate rays are 

abundant and well-developed, and transitional forms between the two 

types are rare (PLATE-FIG. 11). 

The rays of P. emblica and P. botryanthus differ quantitatively as well 

as qualitatively. The multiseriate rays of P. emblica are greatly elongated 

vertically, some of them hundreds of cells and over 5000 /* high; trans- 

versely, they are 2-9-seriate and up to 190 p. wide. These massive rays 

occupy such an appreciable bulk of the wood that there are only 3-5 of 
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them per mm. In contrast, the multiseriate rays of P. botryanthus are 
mostly only 15-40 cells high (extremes 10-80, including the wings) and 
2-5-seriate, with conspicuous uniseriate wings of 5-15 cells; they are so 
much less bulky that there are about 14 rays per mm. (including the uni- 
seriate). The uniseriate rays of P. botryanthus, which consist of vertically 
elongated cells quite unlike the roundish ones making up the bulk of the 
multiseriate rays, are mostly 4-10 cells high but sometimes up to 20. 
In the rays of both species are some cells containing tannin and others 
with rhombic crystals of calcium oxalate. 

The striking differences in ray structure between these two species is an 
indication that further investigation within the genus might provide taxo- 
nomically significant results. Section Emblica, to which P. emblica belongs, 
has at various times been recognized as a genus distinct from Phyllanthus. 
The validity of this and other generic segregates may ultimately be de- 
cided partly on the basis of such evidence from wood anatomy. 

The difference in the rays of P. emblica and P. botryanthus assumes 
additional significance when the affinities of the fossil woods assigned to 
the form-genus Paraphyllanthoxylon are considered. As established by 
Bailey (1924) on the basis of Cretaceous petrifactions from Arizona, the 
genus was characterized by scanty paratracheal parenchyma, vessel-ele- 
ments with simple perforations, septate fibers, and mostly multiseriate 
rays with 1-5 elongated marginal cells. The rays are thus more or less 
intermediate between those of P. emblica and those of P. botryanthus. 
It is quite possible that Paraphyllanthoxylon arizonense belongs to one of 
the genera of Phyllanthinae, and it may prove to represent a species of 
Phyllanthus of an extant section when the xylem structure of the genus 
is better known.* 

The detailed anatomy of the species of Phyllanthus in which the stems 
are modified into phylloclades will be discussed in another place, where 
extended analyses of individual species can be given. Here the purpose is 
to indicate in a general way how the phylloclades compare anatomically 
with the less specialized kinds of stems. As Dingier suggested, an inde- 
pendent evolution of phylloclades appears to have occurred in the South 
American and West Indian species which were all placed by Mueller in 
sect. Xylophylla. Consequently, the South American plants should be asso- 
ciated with P. chorctroides in sect. Choretropsis, and sect. Xylophylla 
should be restricted to include only the West Indian species. Dingier also 
contributed the interesting suggestion that the phylloclades of the two 
groups could be distinguished in a general way on the basis of their re- 
spective patterns of development. In the phylloclades of sect. Xylophylla, 
it is the cortex which undergoes the most intensive growth to make up the 
bulk of the mature structure, while in sect. Choretropsis the cortex remains 
thin and a larger volume is occupied by the pith.   A corollary of this is 

ryantkus, and thus approaches Paraphylir 
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that in sect. Xylophylla the vascular cylinder lends to break up into several 

closed bundles and thus produce a polystelic appearance, whereas in sect. 

Chorctropsis the stele merely becomes greatly flattened. 

The compound phylloclade of the- commonly cultivated "greenhouse" 

Phyllantlnts. P. > clongatus. shows in cross-section a structure more or 

less characteristic for all the species of sect. Xylophylla. In both the penul- 

timate (PLATK-KIG. 14) and ultimate (PLATK-FIG. 15) axis there is a layer 

of chlorophyll-less hypoderm underlying the rather thickly cutinized epi- 

dermis. The outer cortex is composed of chlorenchyma which is not clearly 

differentiated into cither palisade or spongy mesophyll, while the inner 

cortex resembles the pith. The numerous cortical bundles of thick-walled 

fibers appear mostly to be independent of the vascular tissue, as reported 

by Dingier (1885: 36), although they are structurally similar to the fibers 

of the primary phloem bundles and may sometimes be derived from these. 

The chief difference between the penultimate and ultimate axis is in the 

stele, which is intact, although llattened. in the penultimate axis but is 

broken up into concentric bundles in the ultimate axis so that a polystelic 

appearance results. The simple phylloclade of /'. > piphvllanthus ( PLATK- 

FIG. 16) anatomical])- resembles the ultimate axis of the phylloclade of 

P. elongatus. 

The simple phylloclade of P. montamis (PLATK-FIG. 17) differs from 

those of the other West Indian species anatomically as well as in its more 

leaf-like outer form. The mesophyll is organized into a very dense palisade 

layer encircling the phylloclade just within the hypodermis, so that the 

structure appears that of a "centric" leaf-blade. But the greatest difference 

is in the stele, which is flattened and somewhal dissected but with the 

xylem masses on the abaxial and adaxial sides facing one another; no con- 

centric bundles are formed. The phylloclade of P. montamis therefore re- 

sembles the penultimate axis of the phylloclade of P. elongatus. In this 

respect it resembles the phylloclades of the South American species of sect. 

Chorctropsis. but this must be regarded merely as an interesting case of 

volution. 

{To be continued) 




