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A REVISION OF STILLINGIA IN THE NEW WORLD*
DAVID JAMES ROGERS**

Three previous treatments of the genus Stillingia (Baillon', Mueller=, Pax &
Hoffman®) have done much to clarify the systematics of this group. However,
these studies are based upon few specimens, little distribution data, and practically
no habitat information. As a result, the species have remained conglomerate or
split into ill-defined groups. An examination of annotations borne by herbarium
specimens demonstrates the confusion concerning the identity of any one species.
Furthermore, a clear differentiation has never been made between Stillingia and the
closely neighboring genus Sapium, so that specimens collected without mature
fruit can be assigned to neither with certainty.

Pax and Hoffmann® have described twenty-six species of Stillingia; thirteen in
North and Central America, nine in South America, three in Madagascar, and one
in the Fiji Islands of the southern Pacific. The present revision undertakes to re-
examine the American species with the purpose of effecting a natural organization.
The standard methods of the herbarium systematist have been employed for in-
terpretation of the species, amplified by special field studies for two of the species
of the southeastern United States. A conservative concept of species is adopted,
and no infra-specific entities are recognized where there are insufficient data for
delimitation and description of the variants. Since none of the species of Stillingia
are pantropic in distribution, no artificial separation is made by the omission of the
species of the Eastern Hemisphere.

The great reduction of the floral organs not only in Stillingia, but in most
genera of the Euphorbiaceae, limite the amount of emighasis which may be placed
on the structures of the pistillate and staminate flowers for delimitation of the

1Baillon, Etud. Gén. Euphorb. 510. 1858, ex parte.
2Muell. Arg. in DC. Prodr. 15°:1155. 1866.
Pax & Hoffmann, in Engler, Pflanzenr. IV. Fam. 147. V:180. 1912.
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species. This condition necessitates what may seem an over-emphasis on vegetative
characters and differences of habitat and distribution. However, correlation of all
factors demonstrates that those characters other than of the flower are of sufficient
stability to justify their use in separation of species.

HisTORrY

Stillingia was named by Garden® in honor of Benjamin Stillingfleet, an English
botanist who lived from 1702 to 1771. Endlicher® first placed Stillingia in the
Euphorbiaceae as a member of the tribe Euphorbieac.

J. . Klotzsch® placed the genus in the tribe Hippomaneae. His work included
a study of South American representatives of several genera of Hippomaneae for
which he gave a short description, usually followed by a list of species belonging
to the genus. Klotzsch followed Endlicher in uniting Sapium and Stillingia, with
Sapium as a section, maintaining Stillingia as the generic epithet, He gave a short
description of Stillingia, followed by diagnoses of the sections EUSTILLINGIA and
SAPIUM, but hc listed no species for the genus.

Baillon’s” systematic studies on the Euphorbiaceae employed such a broad in-
terpretation of genera allied to Stillingia that most of those genera of the presently
recognized tribe Hippomaneae appeared as sections of Stillingia. In this work, he
actually made no formal transfers, but merely listed the genera under the heading
Stillingia. He apparently realized later® that the names in his ‘Etude Général des
Euphorbiacées” were not effectively transferred to Stillingia and tried to correct
this situation in several volumes of ‘Adansonia’, in which he made the formal trans-
fers, listed the basinyms, and cited specimens for each of his entities.

Mueller” reseparated Stillingia and Sapium, and established Gymnostillingia as
a separate genus, based on S. acutifolia. Later'” he reduced Sapium to the status
of section in Excoecaria, but maintained both Stillingia and Gymnostillingia as
separate genera.

Bentham'' placed Gymnostillingia without rank within the genus Stillingia,
recognizing for the first time that the gynobase is the most important generic
character. Mueller' had previously noted the occurrence of this structure, but
failed to appreciate its importance as a linking character between Stillingia and
Gymnostillingia. S. Watson'® placed the herbaceous species of the southwestern
United States and northern Mexico within the genus Stillingia, allied to S. acuti-
folia, but he did not definitely state whether these species should be treated as a
section or as a subgenus. Pax and Hoffman'® established a new section, LEPTO-

 C—

1Garden ex L. Mant. 19. 1767.

"Endlicher, Gen. Pl. 2:1110. 1836—1840, ex parte.

®Klotzsch, in Wiegm. (Erichs.) Arch. 7:187. 1841.

"Baillon, Etud. Gen. Euphorb. 510. 1858, ex parte.

8Baillon in Adansonia 1:350. 1861; 2:27. 1861; 3:162, 1862: 5:320. 186S5.
“Muell. Arg. in Linnaea 32:87. 1863.

1"Mueller, in DC. Prodr. 15%:1155. 1866.

"1Bentham in Benth. & Hook. f. Gen. Pl. 3:334. 1880.

"Pax and Hoffmann, in Engler, Pflanzenr. IV. Fam. 147. V:194. 1912.
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STACHYAE, for these four species.

Pax and Hoffman'* were the first to divide the tribe Hippomaneae; Stillingia
appears as a member of the subtribe Stillingiinae. These authors have given the
limits of the genus as it is known today, dividing it into six sections based largely
on vegetative characters.

I have not altered the generic limits of Stillingia since there is no confusion
with the allied genera. Within the genus, however, new subgeneric categories
are employed to emphasize the relationships and differences between the speciés
groups. The subgenus is used in order to demonstrate a wide morphological diver-
gence of two large species groups, and the series is used in an effort to show that
boundaries between the groups within the subgenus are not distinct, and are at
best tendencies toward morphological divergences. This seems to be a more logic;l
division than to place all of the species groups on one level (as sections), indicating
nothing of the stages of differentiation on a scale above the species.

GENERIC RELATIONSHIPS

Within the tribe Hippomaneae, Sebastiania, Excoecaria, Maprounea, and Sapium
are the genera which have been most frequently confused with, and seem to be
the most closely related to Stillingia. 1 am not prepared to comment upon the
correct phylogenetic sequence of these genera, nor upon the position of Stillingia
with reference to them. The genus Sepium has the closest morphological re-
semblance to Stillingia, and there has been some confusion in the past concerning
the characters which separate these two genera. In Stillingia, an abscission layer
forms above the base of each of the cocci so that after dehiscence, a three- or two-
rayed hardened portion of the pericarp remains attached to the pedicel. The hard-
ened portion of the pericarp, called the gynobase in this study, is the most promi-
nent distinguishing feature of Stillingia. None of the other genera have this
structure.

It is slightly more difficult to separate Stillingia from Sapium when flowering
specimens without mature fruits are available. The following list of characters
will serve to differentiate the two genera with ease when all of the characters are
considered together (cf. fig. 1). Any one of these may fail if taken individually:

Stillingia Sa pium
Pistillate Flower

Sepals separate (except in S. saxatilis), Sepals united.
or absent.

Seed

Testa hardened, smooth to rugulose, not Testa arillate in American species.
arillate.

Vegetative Characters

Herbs, shrubs, or occasionally small trees. Large trees, infrequently subshrubs.

Glands at base of leaf present or absent, Glands at base of leaf mostly present, mostly
rarcly elongate, cyathiform or scutelli- elongate, tubiform or urceolate, the opening
form, the opening of the glands wide, constricted, usually opposite, more a part of
irregularly to regularly spaced. the petiole than of the leaf blade.

| — — — ——

14Pax and Hoffmann, loc. cit. 180. 1912,
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The three remaining genera are easily distinguished from Stillingia: Sebastiania
and Excoecaria by the three to several stamens of the staminate flower, pistillate
flower long-pedicellate, sepals united, gynobase absent; Maprounea by its compact

inflorescence which appears almost as a capitulum, pistillate flower long-pedicellate,
without gynobase.

The following is a synopsis of Stillingia in the Western Hemisphere, as pro-
jected in this study.

. oppositifolia Baill. ex Muell. Arg.

. Bodenbenderi (O, Ktze.) D. J. Rogers
. peruviana D. J. Rogers

sanguinolenta Muell. Arg.
microsperma Pax & Hoffm.
diphtherina D. J. Rogers

bicarpellaris S. Wats

aquatica Chapm.

Series
OPPOSITIFOLIAE

SO N O\ WV B i N e
L e

Ulcana Pax & Hoffm.

trapezoidea Ule
dichotoma Muell. Arg.
saxatilis Muell. Arg.

Series
DICHOTOMAE

N o— O \O

14. S. scuftellifera D. ]. Rogers

15. S. Dusenii Pax & Hoffm.

16. S. zelayensis (HBK.) Mucll. Arg.
. texana 1, M. Johnst.

Series
SYLVATICAFE

Subg. StiLLINGIA %

. sylvatica Garden ex L.
Series acutifolia (Benth.) Benth. ex Hemsl.

ACUTIFOLIAE

S
195,
S. Treculiana (Muell, Arg.) 1. M. Johnst,
S

\)
Subg. GYMNOSTILLINGIA . S. paucidentata S. Wats.
22. S. spinulosa Torr.
S

. lincarifolia S. Wats.

{13. S. salpingadenia (Muell. Arg.) Huber
S

]
—_—

Series
TRECULIANAE

SYSTEMATIC CRITERIA

The genus Stillingia is a diverse group of perennial herbs, subshrubs, shrubs,
and small trees. The tree habit is rare in the American species: S. acutifolia, of
southern Mexico and Guatemala, and S. oppositifolia, of southeastern Brazil, are
the only species which have sufficient height and diameter of trunk to be called
trees.

Stems of the species of all series except syLvATICAE arise directly from a tap
root. Although seldom found on herbarium specimens, the woody root crown or
rhizomes of species of sYLVATICAE are, nevertheless, of diagnostic value. The ad-
ventitious roots of S. sylvatica and S. aquatica are distinctive, those of the former
being stoutly elongate-fusiform, arising at wide intervals along the rhizome, and
those of the latter filiform and very closely set on the primary root.

The branching systems are opposite, alternate, approximate, or fascicled, the
latter being a result of shortened internodes subtending the inflorescence and thus
presenting a somewhat whorled appearance. The fascicled branching pattern gives
the upper portions of the plant a corymbiform appearance. The bark of the
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Fic. 1. Illustrations of taxonomic criteria for Stillingia and Sapium.

Seed: a—Stillingia scutellifera, testa hardened; b—Sapium haematospermum, testa arillate.

Pistillate flower: c—Sapium marginatum, the sepals united; d—Stillingia salpingadenia, the sepals
separate.

Pedicel after dehiscence of fruit: e—Stillingia sylvatica ssp. sylvatica, the gynobase present;
f—Sapium sebiferum, without gynobase.

Leaf: g—Stillingia scutellifera, with 2 basal scutelliform or cyathiform glands; h—Stillingia
aquatica, without glands at base of blade; i—Sapium pedicellatum, with 2 basal, tubular glands.

<

shrubby species is lenticellate in varying degrees, with the exception of those of
series DICHOTOMAE, whose succulent species have no lenticels. S. sanguinolenta
has an unusually rough bark due to the presence of a large number of lenticels.
Succulence of stem and leaf is a definitive character of the species of series
DICHOTOMAE.

The leaves are widely spaced on the stem, except in S. Bodenbenderi and S.
peruviana. In these species the leaves may be widely spaced but frequently they
may arise in groups on peg-like short shoots. The outline, margin, venation, and
texture of the leaves are important key characters. The leaves of the Mexican,
Central and South American species of the subgenus StiLLINGIA, with few excep-
tions, are provided with two to several cup- or boat-shaped glands at the base of
the blade. This is not a constant feature of each leaf, but generally more than one
ieaf of a standard herbarium specimen will have these modified serrations. The
types of leaf texture occurring in Stillingia are: thin to firmly membranaceous,
definitely coriaceous, and succulent or fleshy. These conditions are usually char-

acteristic of whole groups of species, but S. dipbtherina is the only known species
with coriaceous leaves.
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The organization of the inflorescence, a spiciform thyrse, is essentially the same
throughout the genus. The flowers are monoecious, with the pistillate flowers
always solitary in the cymule, but the number of staminate flowers in a cymule
varies. The pistillate flowers are attached toward the base of the peduncle and
either immediately subjacent to the lowest staminate cymule or with a distinct
space on the peduncle separating the pistillate and staminate cymules. The in-
florescence may be pedunculate below the point of insertion of the lowest pistillate
flower, or sessile.

Both the pistillate and the staminate cymules are subtended by a bract the shape
of which is of some importance in species differentiation. The bracts are squa-
maceous in all species except S. Dusenii, in which the bract of the pistillate cymule
seems to be somewhat foliaceous. The bracts are subtended by two patelliform,
cyathiform, tubiform, or urceolate marginal glands. Generally, these glands are
simple, but in S. oppositifolia they may be twice or three times branched. These
glands are considered as homologues of the cup-shaped serrations at the base of
the leaves of several species. The staminate flowers are borne in groups of 3 to 13,
or singly in the axil of a bract toward the apex of the inflorescence.

This inflorescence structure is assumed to be derived from a more primitive
type by reduction. The inflorescence structure of Hevea, for example, with several
pistillate flowers on the primary and secondary axes, might represent a more primi-
tive condition than that observed in Stillingia where the pistillate flowers are single
in the cymules. A further reduction series is evident within the genus Stillingia in
the staminate cymule structure. The species of subgenus STILLINGIA are char-
acterized by three to many staminate flowers in each cymule, but the subgenus
GYMNOSTILLINGIA has only one staminate flower for each cymule.

A strengthening feature for the distinction between the two subgenera is
found in the sepals of the pistillate flower. All of the species of subgenus STILLINGIA
have three (or two in S. bicarpellaris) sepals which are distinct, or fused into 2
truncate annulus in S. saxatilis, and the remnants of these are occasionally apparent
at the base of the gynobase even at maturity of the fruit. The name GYMNO-
STILLINGIA is derived from the absence of a calyx, and all species of the subgenus
except S. acutifolia are completely lacking it. 8. acutifolia is a transitional species
in this respect, with very small and fugacious sepals.

No primary systematic importance has been attached to the staminate flowers
since they are rather uniform and present no readily observed differences. On the
other hand, relative congestion of the staminate cymules and the total number of
staminate flowers of an individual cymule are used in the diagnostic treatment. The
pollen grains are spheroid or nearly so, with three pores, except in species of series
DICHOTOMAE in which they are ellipsoid with one lateral pore.

The mature fruit of Stillingia affords the most striking feature of generic dis-
tinction, but presents few characters for species diagnosis. The gynobase (described
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. the section on Generic Relationships) is a constant feature of all species of
Stillingia. 'The lobe length of the mature gynobase is consistently given in the
descriptions, being measured from the central column to the apex of the lobe. The
variability of this character within a species prevents inclusion as 2 key character.

Seed size, contour, and surface are constant within the species, for the most
part. Again, variation occurs notably in the extreme southeastern part of the
range of S. sylvatica where introgression with S. aquatica 1s reflected in the vari-
ability of the seed. The presence or absence of the caruncle is one of the best
supporting characters for the division of the genus Stillingia into two subgenera.
Subgenus STILLINGIA is characterized by the presence of a well-defined caruncle in
all species. Subgenus GYMNOSTILLINGIA is not completely without this body, how-
ever, and a very definite caruncle appears in S. Treculiana. Stillingia acutifolia, S.
spinulosa, and S. linearifolia are ecarunculate; S. paucidentata is a transitional
species in this respect, with a very minute and fugacious, but nevertheless definite
caruncle.

Attempts to count the somatic chromosomes of S. sylvatica using Perry’s'”
techniques werc not particularly successful, but were sufficiently good to show
that 2 number in excess of that reported by Perry (2n = 36) were present in the
specimens examined. Since this might indicate a polyploid race within the species
S. sylvatica, an effort to correlate pollen grain size with polyploidy was made.
Although there was some variability in pollen grain dimensions, there was no indi-
cation of two different races, the range of variation being continuous.

SUBGENERIC CATEGORIES

The subgenus StiLLINGIA includes those species with 3 to 13 staminate flowers
in 2 cymule, 3 to 2 definite sepals in the pistillate flowers, and a well-defined car-
uncle on the seed. Species with a single staminate flower in a cymule, sepals and
caruncle absent, are referred to subgenus GYMNOSTILLINGIA. There is a sufficient
overlap of characters between the two subgenera, however, to prevent the estab-
lishment of distinct genera.

The series within both subgenera are divided largely on vegetative characters
with only a few correlating floral characters. In subgenus StTiLLINGIA the first and
most primitive series, OPPOSITIFOLIAE, is a group of woody shrubs or small trees
with membranaceous or coriaceous leaves and spheroid pollen grains. The indi-
vidual species of this series are quite distinct morphologically.

Series DICHOTOMAE, a group of four shrubby species, is characterized by mostly
succulent stems and leaves, and by ellipsoid pollen grains with one pore. This
interesting group is poorly known and infrequently collected. Stillingia Uleana
seems to be the connecting species between the species of series DICHOTOMAE and
those of orrosiTIFOLIAE. Further collections from eastern Brazil, to which region
this group is confined, may throw more light on the inter-relations of these species.

15 Perry, in Am. Jour. Bot. 30:527. 1943,
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Fig. 2. Inflorescence and flower structure of Stillingia zelayensis, typical of subgenus STILLINGIA.

Fig. 3. Inflorescence and flower structure of Stillingia paucidentata, typical of subgenus
GYMNOSTILLINGIA,

The third series of subgenus STILLINGIA, SYLVATICAE, is composed of the best
known and most extensively collected group of species within the genus Stillingia.
This series represents a different type of specialization from that of series DICHO-
TOMAE. All of the species are suffruticose, but their floral structure is very similar
to that of the less specialized species of oprosiTiroLIAE, from which this group
seems to be derived. Although the species are very closely related, they se¢m to
have diverged and stabilized themselves sufficiently to be called species rather than
subspecies of one large “cenospecies”. Evidence of their close relation is seen not
only in morphological characters, but also in the fact that they have apparently
erected none or few genetic barriers to prevent rather frec hybridization where
their geographic margins overlap. Because of these putative hybrids, many names
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have been applied previously without any thought as to the explanation of the
phenomenon, nor of the ensuing confusion.

The three South American representatives of SYLVATICAE, S. salpingadenia, S.
scutellifera, and S. Dusenii, are widely separated geographically from the three
North American species. Although easily distinguished morphologically from §.
sylvatica of the southern United States, S. scutellifera resembles the Texan repre-
sentative of the former in many particulars, both ecologically and morphologically.

In only one case have I seen fit to designate a subspecies in this series, that of
S. sylvatica ssp. tenuis, which occurs only in extreme southeastern Florida. Suf-
ficient material, together with personal knowledge of the habitat through field
studies, makes this possible. There seems little doubt, however, that at least one
species in South America, S. scutellifera, has a closely related form, exemplified by
[Hassler 5012 and called saxatilis var. salicifolia by Chodat and Hassler'®, which
possibly could be designated as a subspecies. Lack of sufficient knowledge malkes
such a step premature.

There seems to be little or no genetic barrier between S. aquatica of Series
orrosITIFOLIAE and S. sylvatica of Series SYLVATICAE. In the spring of 1950 local
population samples were made at several points in Florida to determine the possi-
bility of hybridization between such widely differentiated species. The assembled
specimens were studied and indexed according to techniques used by Anderson'’.
Although larger samples would have been desirable, those actually made give rather
positive evidence that free hybridization does occur.

The subgenus GYMNOSTILLINGIA is composed of two series which are widely
differentiated. Series AcUTIFOLIAE has one shrubby species, S. acutifolia, with
broad, thinly membranaceous leaves. The second series, TRECULIANAE, 1s a group
of perennial herbs with a compact growth habit and for the most part very small,
narrow leaves. There seems little doubt that the four species of this series form a
natural group of plants which have become adapted to the extreme environmental
conditions under which they exist.

(GEOGRAPHY

In the accompanying maps (figs. 4 and 5) are shown the known areas of distri-
bution of the species of Stillingia in the New World. In general, the North Ameri-
can material has been sufficiently ample to plot distributions with some accuracy,
but there are still many gaps and disjunctions which may be filled with further col-
lecting, particularly in Central and South America.

For the most part, the species of Stillingia are limited to areas of temperate or
subtropical climate, those occurring closest to the equator being at higher altitudes.
In South America, S. Bodenbenderi reaches farthest south, in the Sierra de Cordoba
in Argentina; S. sylvatica is the most northern species in North America, reaching

the 38th parallel in southern Kansas.

16Chodat & Hassler, in Bull. Herb. Boiss. 11, 5:676. 1905.
1T Anderson, Edgar. Introgressive Hybridization. New York. 1949,
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Fig. 4. Ranges in Stillingia.

Although the series orrosiTiFOLIAE is very widely distributed in both conti-
nents, the individual species normally occupy small ranges. With the exception
of S. aquatica the species of this series are found in mountainous regions in meso-
phytic habitats, mostly at altitudes above 500 meters. They generally occupy
land masses of both continents which have been the longest exposed and the longest
continuously available for plant growth (Weeks'®, Schuchert'®). Stillingia
aquatica, on the other hand, is the only species of the genus found in marshy or
swampy habitats only a few meters above sea level in a region of relatively recent
origin.

ls\geek:. in Bull., Geol. Soc. Am. 59:249. 1948,
WSchuchert, Historical Geology of the Antillean-Caribbean Region. New York. 1935.





































































































































