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A B S T R A C T 
The circumtropical but preponderantly American genus Dalechampia, comprising nearly 

100 species of twining vines (or rarely subshrubs), is strikingly isolated within the Euphorbiaceae 
because of its distinctive bibracteate inflorescences. There has been considerable taxonomic 
controversy with regard to the relationships of the genus, and it has been suggested that 
Dalechampia is allied to the tribe Euphorbieae because of a supposed analogy between its 
inflorescence and the cyathium in the Euphorbieae. Field and laboratory investigations of 
the common American species D. scandens, together with a comparative survey of related 
species, have thrown some light on these problems. The Dalechampia inflorescence seems 
best interpreted as consisting of a terminal staminate pleiochasium (with part of the lateral 
branches transformed for nectar production), juxtaposed to a 3-flowered pistillate cyme. The 
lips of the conspicuous bilabiate involucre are formed by the hypertrophied bracts which sub- 
tend the staminate and pistillate cymes. The bisexual inflorescences appear to be distinctly 
proterogynous, rather than proterandrous, as has been previously suggested. The configuration 
of the inflorescence-a bilaterally symmetrical pseudanthium-suggests adaptation for cross- 
pollination, but the closing movement of the bracts makes self-pollination probable in the 
absence of visits by pollinators. The similarity of the Dalechampia inflorescence to the cyathium 
of the Euphorbieae appears to be entirely superficial, and both reproductive and vegetative 
data suggest that Dalechampia is related to taxa of tribe Plukenetieae. 

DALECHAMPIA IS A GENUS of Euphorbiaceae so 
isolated and sharply delimited that it has usually 
been placed in a distinct monogeneric tribe since 
the original disposition of Mueller (1864). Ac- 
cording to Pax and Hoffmann (1931), the genus 
comprises about 100 tropical species, of which 
over three-fourths are American; probably half of 
the species in the genus occur within the bound- 
aries of Brazil. Most of the common species of 
Dalechampia are herbaceous twining vines, but 
some of the Brazilian ones are suffrutescent, and 
one of these-D. spathulata-is commonly culti- 
vated in greenhouses because of its attractive red- 
dish inflorescences. 

The systematic problems facing the student of 
Dalechampia are somewhat different from those 
usually encountered in the Euphorbiaceae, where 
the major difficulty lies in defining and discrimi- 
nating among taxa. Dalechampia is so sharply 
differentiated from other Euphorbiaceous taxa and 
at the same time so relatively homogeneous at 
the infrageneric level that its generic integrity has 
never been seriously doubted. Precisely because 
of its isolated position, however, its relationships 

1 Received for publication 2 September 1971. 
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with other taxa of Euphorbiaceae have been con- 
troversial. Mueller (1866) placed the tribe Dale- 
champieae adjacent to the Euphorbieae. He thus 
adopted an interpretation similar to that of Jussieu 
(1824), who referred Dalechampia to his Sectio 
VI along with Anthostema, Euphorbia, and Pedi- 
lanthus. Baillon (1858), on the other hand, re- 
jected this disposition (though partly for the wrong 
reasons, since he regarded the cyathium of Eu- 
phorbia as a hermaphroditic flower) and indicated 
an affinity of Dalechampia to Plukenetia. Bentham 
(1878, 1880) went so far as to include Dale- 
champia in the subtribe Plukenetiinae, adjacent to 
Tragia and Cnesmone. Pax (1890) at first made 
the same disposition as Bentham, but later (Pax 
and Hoffmann, 1919, 1931) removed Dale- 
champia to a separate tribe without, however, 
negating the relationship to the Plukenetieae (here 
treated as a tribe in accord with Hutchinson, 
1969). 

More recently Croizat (1940, 1942) has re- 
turned to the original hypothesis of Jussieu (1824) 
and has attempted to derive the cyathium of 
Euphorbia from the Dalechampia inflorescence via 
the zygomorphic cyathium of Pedilanthus. How- 
ever, in his monograph of Pedilanthus, Dressler 
(1957) has remarked that there is no evidence to 
support this theory. Hurusawa (1954), on the 
other hand, has followed Croizat in placing Dale- 
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champia adjacent to the Euphorbieae and Antho- 
stemeae. 

The interpretation of the Dalechampia inflores- 
cence is of considerable systematic importance, 
since it may affect not only the placement of this 
genus but the tribal arrangements within the family 
as a whole. There are furthermore some purely 
morphological problems with regard to the in- 
florescence which need to be settled before mak- 
ing a systematic judgment. Urban (1888) took 
issue with the interpretation of Baillon (1858) 
that the secretory scales of the male part of the 
inflorescence represent modified bracts of sterile 
cyme-branches. Because there were no bracts as- 
sociated with the male flowers in the inflorescence 
of D. spathulata2 which he investigated, Urban 
proposed that the scales represented modified 
flowers. Michaelis (1924), on the basis of a 
survey of a large number of species, disagreed and 
returned to an interpretation closer to that of 
Baillon. 

Aside from the intrinsically interesting features 
of this curious genus, we wish to contribute to a 
better understanding of its relationships by re- 
investigating its morphology with particular em- 
phasis on inflorescence and floral structure. 
Relatively few species of Dalechampia are found 
in cultivation, and the only detailed morphological 
analysis of the genus (Michaelis, 1924) omits 
consideration of most structures other than the 
inflorescence. It thus appears sound strategy to 
thoroughly define the structure and morphological 
variations within a single species. 

The species considered here, D. scandens, pre- 
sents a unique problem since it is the only species 
in the genus listed as native to both America and 
Africa (Pax and Hoffmann, 1919). It is not clear 
whether their disposition will stand the test of 
contemporary investigations, but the apparent 
presence of distinct endemic races in both South 
America and Africa suggests a natural trans- 
Atlantic occurrence of D. scandens. Leandri 
(1943), for example, has recognized D. scandens 
as native to Madagascar, and has pointed out close 
affinities between it and some of the endemic 
Malagasian species. Leonard (1962) appears to 
accept some African forms of Dalechampia as 
belonging to D. scandens. It is possible, there- 
fore, that the distribution of D. scandens is a 

2 Urban used the name D. roezliana Muell. Arg. for 
this plant, and the same name has been applied in more 
recent papers by Michaelis and Venkata Rao, despite the 
fact that Pax and Hoffmann (1919) have relegated D. 
roezliana to synonymy under D. spathulata (Scheidw.) 
Baill. 

relatively ancient one, and not the result of recent 
long-distance dispersal. At any rate, it should be 
kept in mind that the discussions in this paper 
apply only to the North American populations of 
D. scandens and do not take into account varia- 
tions which might occur in the South American 
or African plants. 

MATERIALS AND METHODS-Living plants of 
Dalechampia were studied in the greenhouses at 
the University of California, Davis, and at Purdue 
University, Lafayette, Indiana. Wild populations 
were observed in Mexico, Nicaragua, and in the 
West Indies. 

Anatomical preparations were made from ma- 
terial fixed in FAA (fornLalin, acetic acid, alcohol), 
dehydrated through the standard TBA (tertiary 
butyl alcohol) series, embedded in paraffin, and 
stained following the usual safranin-fast green 
technique (Jensen, 1962). 

Macrophotographs were taken with polaroid 
film, using an Aristophot apparatus. Photomicro- 
graphs of sectioned material were also taken with 
polaroid film, using a Zeiss photomicroscope. The 
photographs of pollen and trichomes were made 
with a Cambridge Stereoscan Microscope; speci- 
mens were treated with gold shadowing. 

Voucher specimens of Dalechampia plants have 
been deposited in the Department of Botany 
Herbarium, University of California, Davis. 

The terminology used here is that of Webster 
(1968), where a detailed taxonomic description 
may be found. 

RESULTS-Growth and phyllotaxy-Dalecham- 
pia scandens, like the other species of sect. Scan- 
dentes (Pax and Hoffmann, 1919), is an herba- 
ceous, twining vine which in nature either climbs 
or sprawls along the ground. The aerial portion 
of the plant is composed of twining long-shoots 
which come off the suffruticose base and which 
may die back during unfavorable seasons. The 
characteristically 3-lobed leaves are borne on the 
monopodial long-shoots in a spiral arrangement; 
each leaf on the long-shoot may subtend a short- 
shoot, which terminates in an inflorescence (Fig. 
1). Each short-shoot may produce a single in- 
florescence subtended by a "rameal" leaf smaller 
than that found on the long-shoot. On the other 
hand, the rameal leaf may subtend a second in- 
volucre with its own subtending rameal leaf. 
Technically, the inflorescences should perhaps be 
termed pseudoterminal, since there is nearly al- 
ways a bud in the axil of the first rameal leaf, and 
this probably represents the terminal bud. Unlike 

Fig. 1-4. Habit of Dalechampia scandens.-Fig. 1. Portion of long-shoot, with axillary short-shoot bearing an 
inflorescence and small rameal leaf. X 0.8.-Fig. 2. Short-shoot with two expanded inflorescences and another in 
bud. X 1.-Fig. 3. Tip of short-shoot with one inflorescence in anthesis, the other in bud. X 1.3.-Fig. 4. Frontal 
view of expanded inflorescence, with male flowers beginning to open. X 2. 
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the long-shoot, the short-shoot is determinate 
under ordinary conditions, and the growth of the 
shoot system as a whole is carried on by long- 
shoot buds which occur in the same axils as the 
short-shoots. Rarely, the short-shoot may produce 
three pseudanthia (Fig. 2), or (especially follow- 
ing wounding or removal of the long-shoot tip) 
may grow out into a long-shoot. Most other 
species of Dalechampia appear to be similar in 
possessing axillary determinate short-shoots, and 
many of these (e.g., D. triphylla, D. dioscoreifolia) 
have only a single primary inflorescence on the 
short-shoot subtended by a single leaf. The wide- 
spread D. tiliifolia only diverges insofar as it usu- 
ally produces two leaves on the short-shoot below 
the involucre (Webster, 1968, Fig. 18). Some- 
times the single leaf on the fertile shoot is reduced 
to a scale and the subtending node is shortened, 
so that the involucre then may appear to be simply 
axillary. This is true, for example, in the culti- 
vated D. spathulata. On the other hand, in some 
of the small suffrutescent Brazilian species, such 
as D. caperonioides, the involucre may terminate 
an upright branch with 3-5 leaves or more. It is 
difficult to suggest what the original condition may 
have been in the genus, but at any rate D. scandens 

would appear to conform to the inflorescence 
pattern of the majority of species. 

In D. scandens a secondary fertile shoot some- 
times grows from a bud in the axil of the single 
rameal leaf; the involucre produced by this shoot 
is most often smaller than the "primary" one (Fig. 
2). The same relationship appears to hold in 
many other species, so that measurements of in- 
volucres must be made with this difference in mind. 

The leaves of D. scandens are somewhat less 
polymorphic, both in the same and in different 
individuals, than those of many other species. The 
leaves are long-petiolate and mostly deeply 3- 
lobed, with a characteristically prominent retic- 
ulum beneath. In plants observed in the green- 
house, there is a definite tendency for ontogenetic 
foliar modification: the lowermost leaves are 3- 
lobed, but the two lateral lobes of those leaves 
produced towards the tip of the vine become pro- 
gressively indented until the distal leaf blades are 
essentially 5-lobed (Fig. 5). 

In other species leaf dimorphism or poly- 
morphism is much more marked, but it is not 
always easy to observe the pattern from frag- 
mentary herbarium specimens. In the common D. 
tiliifolia the first (lower) rameal leaf of the fertile 
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short-shoot is commonly entire and unlobed, while 
the upper leaf is distinctly 3-lobed (Webster, 1968, 
Fig. 18). Both lobed and unlobed leaves occur 
on the long-shoots of D. tiliifolia as well, and their 
distribution appears at least in part to be onto- 
genetically determined (lowermost blades being 
entire). 

This ontogenetic component of leaf variation 
has some rather disturbing taxonomic implications, 
because Pax and Hoffmann (1919) have separated 
species in both sect. Triphyllae and sect. Scan- 
dentes on the basis of whether the leaves are 
dimorphic or not. This is a poor "key" character, 
because individual specimens of a putatively di- 
morphic species may not necessarily show both 
kinds of leaves. Furthermore, supposedly "mono- 
morphic" species with lobed or parted leaves may 
occasionally have entire ones. It would appear, 
therefore, that the position of leaf types on the 
plant, and (whenever possible) a statistical esti- 
mate of their frequency should be included in 
future systematic descriptions. 

Indumentum-The leaves and stems of D. 
scandens have a pubescence of unicellular hairs 
which in scanning electron micrographs (at mag- 
nifications of 500 x or more) clearly appear 
spirally twisted (Fig. 7). Interspersed with these 
relatively long hairs are much shorter ones of a 
very peculiar structure: a central cell armed with 
a sharp-pointed crystal, surrounded by several 
epidermal jacket-cells (Fig. 8). Knoll (1905) 
showed that the central cell of these remarkable 
trichomes represents a highly modified subepi- 
dermal crystalliferous cell in which the outer peri- 
clinal wall protrudes beyond the epidermal layer, 
and one arm of the druse crystal hypertrophies 
into a long, sharp "hypodermic needle." These 
crystal-armed hairs appear to function in a similar 
manner to those of Tragia (Knoll, 1905; Miller 
and Webster, 1967), and the hairs of the latter 
genus are strikingly similar to those of D. scandens 
(Fig. 9). Although the trichomes of Dalechampia 
do not cause the immediate burning sensation 
characteristic of Tragia hairs, they can definitely 
be quite irritating to the skin. The generally 
smaller size of the hairs of Dalechampia may 
perhaps account for their lesser degree of noxious- 
ness as compared with Tragia. 

As remarked by both Rittershausen (1892) and 
Knoll (1905), the similarity of these "Brennhaare" 
of Tragia and Dalechampia appears to be taxo- 
nomically significant. The similar form and on- 

togeny of stinging hairs in the two genera strongly 
suggests phylogenetic affinity between the tribe 
Plukenetieae and the tribe Dalechampieae. 

Inflorescence-In Dalechampia the inflores- 
cence is a bilaterally symmetrical pseudanthium of 
a configuration unique within the Euphorbiaceae. 
The inflorescence in most forms of D. scandens 
is conspicuous because of the two large, creamy- 
white, 3-lobed bracts which subtend the staminate 
and pistillate cymes (Fig. 4). The two bracts are 
attached at slightly different levels (although they 
appear opposite on cursory inspection), the lower 
one subtending the pistillate, and the upper one, 
the staminate inflorescence. Since the peduncle of 
the inflorescence is oriented more or less upward, 
the male flowers lie above but closely appressed to 
the female flowers (Fig. 3, 4, 10, 20). 

In certain respects the Dalechampia pseudan- 
thium may be referable to the class of "flag blos- 
soms" recognized by Faegri and van der Pijl 
(1966), since the reproductive organs are posi- 
tioned so that an approaching insect would have 
to receive pollen on the ventral surface if cross- 
pollination were to occur. Unfortunately, no de- 
tailed observations have yet been reported of insect 
visits in the field, so that reasoning about function 
must remain inferential. 

Involucre-The involucres of the inflorescences 
become evident near the stem tip as apparently 
axillary buds at a stage when the stipules of the 
subtending leaf are still longer than its blade. In 
the youngest stages the stipules of both leaves and 
involucral bracts are erect and longer than the 
blades, but they soon become recurved (Fig. 6). 
In greenhouse material of D. scandens, the in- 
volucral bracts turn whitish by the time they are 
5 mm long, so they are easily discerned. 

Typically, involucres require 2 weeks to attain 
full size (2.5-3 cm long). At first the bracts are 
tightly appressed, but the involucre begins to open 
when the bracts are about 1.5-2 cm long; within 
2 or 3 days after that stage, the bracts diverge to 
an angle of 90-120? (Fig. 10, 11). Pax and Hoff- 
mann (1919) reported that Dalechampia inflores- 
cences are strongly proterandrous, but this does 
not seem to be true of our material of D. scandens. 
The male flowers typically remain closed for at 
least one day after the bracts are fully open and 
divergent; during this time the inflorescence ap- 
pears to be functionally proterogynous (Fig. 10, 
12). By the time the first three or four male 

Fig. 10-13. Inflorescences of D. scandens.-Fig. 10. Inflorescence showing proterogynous condition; B, bract; 
S, stipule of bract; G, staminate "gland"; M, male flowers; F, female flowers. X 3.3.-Fig. 11. Older inflorescence 
with male flowers dehiscing and female calyx lobes becoming bristly. X 2.-Fig. 12. Inflorescence with lower in- 
volucral bract removed, exposing abaxial bractlet of pistillate cymule. X 2.7.-Fig. 13. Inflorescence with lower 
involucral bract removed and pistillate cymule turned back to expose peduncle of staminate involucel. X 2.5. 
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flowers open, the bracts are already turning green- 
ish and starting to reclose. 

The two involucral bracts of D. scandens have 
a very characteristic shape, the three lobes being 
cut about halfway to the base (Fig. 4). As in 
most other species, the bracts are palmately veined, 
with five (or sometimes seven) veins departing 
from the cordate base. In most plants observed 
in cultivation and in the field, the bracts attain 
a brilliant snow-white or creamy-white color at 
peak anthesis of the inflorescence; but they quickly 
begin to turn greenish after divergence exceeds 
90, and within about one week after opening, 
they have reclosed and become leaf-green in color. 
Involucres produced late in the growing season, 
or on depauperate plants, may have smaller bracts 
which become at most yellowish-green at full 
anthesis. 

Due to the remarkable adhesiveness of the mu- 
cilage produced within the staminate involucel, 
the staminate inflorescence adheres to the sub- 
tending bracts when it breaks off before the in- 
volucre closes. This appears to be an effective 
way of promoting self-pollination, particularly 
since several male flowers do not dehisce until 
shortly before closure of the involucre. Experi- 
mental crosses suggest that the plants could be 
self-compatible, since involucres bagged before 
dehiscence of the male flowers produce normal- 
appearing capsules. Unfortunately, in the few 
crosses made, no viable seeds were obtained, so 
that the possibility of self-incompatibility cannot 
be excluded until further testing is done. 

The sequence of changes in color and position 
of the bracts during inflorescence development 
reflects successive adaptation to (1) protection 
of flowers (before anthesis); (2) attraction of 
pollinators (at anthesis); and (3) protection of 
capsules (after anthesis). However, in greenhouse- 
grown plants the timing appears far from optimum, 
at least in relation to pollination. The bracts or- 
dinarily remain white for only 1 or 2 days, mainly 
during the time when only the female flowers are 
receptive; they are almost always beginning to 
turn green by the time that most of the male 
flowers have opened. The timing of the male 
flowers, with only a minority attaining anthesis 
during the most colorful phase of the inflorescence, 
suggests that the Dalechampia pseudanthium, like 
many other blossoms, is adapted for both cross- 
pollination initially and self-pollination later. 

The involucral bracts in other taxa of Dale- 
champia show a number of divergences. In many 

species, such as the common D. tiliifolia, the 
bracts are similarly colored (white or creamy- 
white) but less deeply lobed. Other species, such 
as D. spathulata, have brilliant red or yellow 
bracts (the color apparently varies in different 
races). One rather conspicuous neotropical spe- 
cies, D. dioscoreifolia, has striking pink bracts 
with dark, reddish veins and a lacerate margin. 
Other species have bracts that are greenish. It 
would be tempting to assume bird pollination in 
some of the species with red-bracted inflorescences, 
but in fact, almost nothing is known about pol- 
linating agents. 

Pistillate inflorescence-The pistillate inflores- 
cence is inserted axillary to the lower of the two 
involucral bracts and terminates an extremely ab- 
breviated axillary shoot (Fig. 12, 13). The pistil- 
late cyme ordinarily consists of two lateral sessile 
or short-pedicellate flowers flanking a single 
central flower which eventually becomes long- 
pedicellate (Fig. 18). The apetalous flowers are 
subtended by a broad abaxial bract and two rather 
smaller adaxial bracts which are, however, often 
fused into one. These three structures perhaps 
represent the basal bract of the cyme plus the two 
bracteoles subtending the two lateral flowers (Fig. 
16). 

At anthesis the three female flowers are still 
nearly sessile and have conspicuous glandular tips 
on the lobes of the calyx (Fig. 17). In later stages 
the calyx lobes elongate and become prominently 
bristly with hypodermic hairs, while the pedicel 
may become distinctly elongated (especially that 
of the central flower) (Fig. 18). The position 
of the expanded stigmas of the flowers is such 
that pollination can be effected soon after opening 
of the involucre and before anthesis of the first 
male flower. The average length of the styles at 
anthesis is between 5 and 6 mm, but in other 
species (such as D. pentaphylla) the styles elon- 
gate to 15 or 20 mm. 

Female flower-The female flower of Dale- 
champia is relatively sterotyped. There are always 
three carpels which are almost completely united 
to the tip of the compound style. The stigma is 
enlarged into a peltate structure in D. scandens 
and many other species; the stigmatic structure 
suggests that in some of the species of Pera (which, 
however, show little gynoecial similarity in most 
other aspects). The calyx consists of a variable 
number of segments, usually 8-12, which in D. 

Fig. 14-19. Flowers and fruits of D. scandens.-Fig. 14. Abaxial view of staminate inflorescence with central 
male flower open. X 7.5.-Fig. 15. Male flower, arrow indicating articulation in the pedicel. x 9.-Fig. 16. Pistil- 
late cymule with adaxial bractlets turned back to expose calyces of the female flowers. X 6.-Fig. 17. Female flower 
at anthesis. X 10.-Fig. 18. Pistillate cymule after abscission of involucral bracts, showing development of fruits 
from two of the three female flowers. X 3.2.-Fig. 19. Fruit with persistent female calyx. X 5. 
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Fig. 20-23. Sections of inflorescences and flowers of D. scandens. Fig. 20. Cross section of infloresence in 
bud, showing following structures from top to bottom: upper involucral bract; abaxial lip of staminate involucel; 
sterile bractlets of staminate "gland"; male flowers; adaxial lip of staminate involucel; female flowers; abaxial pistil- 
late bractlet; lower involucral bract. X 8.-Fig. 21. Cross section of staminate inflorescence: S1, abaxial lip of 
staminate involucel; S2, adaxial lip of staminate involucel. X 10. Fig. 22. Longitudinal section of male flower. x 25. 
-Fig. 23. Longitudinal section of ovary, ovule (with thickened inner integument) in sagittal section: N, nucellar 
beak; 0, obturator. x 65. 

scandens are prominently lobed. During develop- 
ment of the fruit, the calyx lobes elongate and 
become quite bristly with stinging hairs (Fig. 19). 

The ovule of D. scandens is anatropous and sub- 
globose, with a narrow conical nucellus and a 
rather highly thickened inner integument, which 
is shorter than the outer integument (Fig. 23). 
The thin cap-like obturator is closely appressed 
to the micropyle in lid-like fashion. As shown by 
Singh and Pal (1968), the ovules in D. spathulata 
are very similar. The entire configuration of the 
ovule is so extraordinarily like that of Tragia 
urticifolia (Miller, 1964; Miller and Webster, 
1967) that it is difficult to attribute the similarity 
to anything other than a phylogenetic relationship. 
The only important gynoecial differences between 
the two genera appear to be the more completely 
fused styles and much smaller ovarial stinging 

hairs of Dalechampia. The fruit and seeds of 
Dalechampia are also suggestively similar to those 
of certain species of Tragia, e.g., to the African 
T. involucrata. 

Staminate inflorescence-The staminate inflo- 
rescence terminates the axis of the fertile shoot 
in D. scandens and is separated from the pistillate 
dichasium by a distinct internode (Fig. 13). This 
"peduncle" may in some other species become ex- 
tremely elongated, as in D. chlorocephala of 
Madagascar (Leandri, 1943). In D. scandens the 
staminate involucel is 2-lipped and transversely 
elongated, so that there appear to be two fused 
bracts (Fig. 13, 14, 21). In D. spathulata, how- 
ever, there are clearly two pairs of decussate 
bracts. The observations of Michaelis (1924) 
indicate that four or five is the basic number of 
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involucel bracts in the genus and that the male 
bractlets have undergone a great deal of fusion 
in D. scandens. 

The disposition of organs within the staminate 
involucel is unusual and has given rise to con- 
siderable controversy. In D. scandens there are 
nine or ten male flowers arranged almost in a 
single plane on the side toward the female di- 
chasium; on the ab-female side there is a large 
"gland" composed of flange-like structures (evi- 
dently modified bractlets) with secretory epithe- 
lium (Fig. 10, 14, 20). Close inspection indicates 
that some of these bractlets face the male flowers, 
but a greater number face away, toward the upper 
bract (Fig. 21). The bractlets begin to secrete 
sticky material before the first male flowers open, 
and the secretion is conspicuous at full anthesis. 
Eventually after its "peduncle" disarticulates, the 
staminate inflorescence adheres to the upper bract. 
Since at this time the bracts are reclosing, the 
effect is to bring the male flowers close to the 
stigmas and to make self-pollination highly prob- 
able. 

Although the male flowers appear to be aligned 
approximately in one plane (Fig. 13, 14) it is 
clear from serial microscopic sections that there 
is a single terminal male flower and that the male 
cluster is really a pleiochasium with the three ad- 
axial arms developed (Fig. 20, 21). The studies 
of Michaelis (1924) suggest that the male pleio- 
chasium in Dalechampia originally had five radi- 
ating branches; in D. scandens the two missing 
branches are represented by the two rows of 
glandular bractlets facing toward the abaxial side 
of the staminate involucel (S1 in Fig. 21). The 
central dichasium (with a pair of male flowers 
next to S2 in Fig. 21) develops later than the 
other two, but eventually all of the male flowers 
in the inflorescence are in anthesis concurrently. 
There is considerable variation within D. scandens 
in development of the lateral axes of the pleio- 
chasium. Some axes may develop only two flowers, 
so that the total number of male flowers may be 
only eight or nine instead of ten. In other species 
there may be additional pleiochasial arms: D. 
micrantha may produce four lateral axes with a 
total of 13 flowers, whereas D. leandrii may pro- 
duce a dichasium with a total of only seven 
flowers. 

Urban (1888) regarded the fringed bractlets of 
D. spathulata as abnormally developed flowers, 
partly on the grounds that since there were no 
bractlets associated with the male flowers, the 
rest of the organs within the involucel should be 
regarded as flowers also. Hutchinson (1969) has 
recently upheld this interpretation. Michaelis 
(1924), on the other hand, has criticized this 
viewpoint and has espoused the original view of 
Baillon (1858) that the scales represent bractlets 
of sterile proliferated male dichasia. A similar 

interpretation has recently been advanced by Ven- 
kata Rao (1971). As shown in cross sections 
(Fig. 20, 21) the scales appear definitely foliar, 
and we therefore agree with the view of Baillon 
and Michaelis that the scales of the staminate in- 
florescence of D. scandens represent bractlets of 
the male flowers. 

The function of the glandular mass in the stam- 
inate inflorescence of D. scandens is not entirely 
clear. Muller (1879) reported that in a Brazilian 
species the "waxy" secretion of the male "gland" 
was collected by carpenter bees and used for nest 
building. On the other hand, as noted by Michaelis 
(1924), the filiform processes in the "gland" of 
D. spathulata do not produce an especially sticky 
secretion. Since D. spathulata has red bracts and 
is possibly bird-pollinated, the difference in 
glandular secretion is not unexpected. 

Male flower-The male flowers in the Dale- 
champia inflorescence are relatively conspicuous 
because of the ball-like heads of anthers lined up 
underneath the nectariferous mass (Fig. 4, 13). 
The flower pedicel is nearly always articulated 
(Fig. 15), although the stout pedicels of D. scan- 
dens do not show the articulation as clearly as 
congeners such as D. tiliifolia and D. cissifolia.The 
calyx splits open into four valvate lobes in D. 
scandens (often five or six in other species); these 
segments become reflexed and thus expose the 
anthers to best advantage. The stamens have the 
filaments connate along most of their lengths into 
a stoutish column, with about 25-35 bilocular 
longitudinally dehiscent anthers in most popula- 
tions of D. scandens (Fig. 22). 

Pollen-The pollen grains of Dalechampia (Fig. 
25), which have been described and illustrated 
by Punt (1962), are very distinctive and unlike 
those of any other genus of Euphorbiaceae. In 
the five species investigated by Punt, the tricol- 
porate pollen grains are characterized by their 
relatively large size (57-105 , long), ellipsoidal 
shape, short colpi (extending 1/2-2/3 the length 
of the grain), and especially by the very prominent 
relief of the exine: the walls (muri) of the reticu- 
lum are more prominent than in any other Eu- 
phorbiaceous genus. A feature scarcely evident 
in scanning electron micrographs but strikingly 
visible in microscopic observations with phase 
contrast is the equatorial belt apparently formed 
by confluence of the transversely elongated germ 
pores; the cytoplasm of the pollen grain is equa- 
torially constricted along this belt in a configura- 
tion somewhat suggestive of a desmid cell. 

In our material of D. scandens (mounted in 
Hoyer's medium), the pollen grains measure ap- 
proximately 75-85/A in length, definitely smaller 
than the 1051, reported by Punt. Pollen grains 
examined under the scanning microscope appeared 
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Fig. 24-25. Scanning electron micrographs of pollen grains. X 1650.-Fig. 24. Tragia involucrata.-Fig. 25. 
Dalechampia scandens. 

still smaller (less than 70 /A long). Possibly there 
may prove to be considerable variation in pollen 
size when larger samples are studied. 

In view of the considerable similarity between 
Dalechampia and Tragia in certain vegetative and 
reproductive features, it is remarkable that the 
pollen grains of the two genera are so dissimilar. 
The grains of Tragia (Fig. 24) are usually smaller 
(17-30u across) and are oblate in shape. Each 
colpus has a prominent operculum, and the exine 
is nearly smooth (covered with 'nanospinules' a 
fraction of a micron high). However, it seems 
probable that this great pollen difference is cor- 
related in some way with the specialization of the 
inflorescence in Dalechampia and the attendant 
functional shifts with regard to pollinators. Con- 
sequently, it does not appear that dissimilarity in 
pollen structure provides a compelling argument 
against a rather close phylogenetic relationship 
between the two genera. 

Fruits and seeds-One of the most striking 
changes which follows pollination of the Dale- 
champia inflorescence is the enlargement and in- 
creased spininess of the female calyx segments 
(Fig. 18, 19). The 8-12 narrow calyx segments 
of D. scandens elongate about 100 % into a "pali- 
sade fence" of rigid "stakes" beset with sharp- 
pointed hairs about 1-1.5 mm long. It is difficult 
to avoid ascribing a protective function to these 
armed calyx segments, since this formidable arma- 
ture develops concurrently with the maturation of 
the fertilized ovary into a fruit. 

The capsular fruit of D. scandens attains about 
1 cm in diam, with three distinctly carinate cocci 
(Fig. 19). The fruit readily shatters, but the 

valves of the cocci and the seeds tend to be re- 
tained within the bristly calyx lobes and the more 
or less closed involucre. The roundish seeds are 
not especially distinctive and are similar in most 
related species except for size. Developmental 
stages of seed maturation in D. scandens closely 
follow those demonstrated in D. spathulata by 
Singh and Pal (1968). No information is avail- 
able concerning seed dispersal, but the lack of a 
distinct caruncle suggests that the myrmecophilous 
dispersal found in many other Euphorbiaceae may 
be absent in Dalechampia. 

DISCUSSION-Dalechampia is not only a very 
isolated genus of Euphorbiaceae, but it also shows 
a high degree of both vegetative and reproductive 
specialization. The monopodial twining habit of 
D. scandens, with inflorescences terminating de- 
terminate short-shoots, could be derived from 
modification of a sympodial growth form evident 
in genera of the related tribe Plukenetieae such as 
Cnesmone (Wagner, 1930) and Tragia (Miller 
and Webster, 1967). It is not clear whether the 
twining or the shrubby habit is primitive in Dale- 
champia; although experience with other plant 
groups would indicate that the woody habit should 
be original, the shrubby groups of Dalechampia, 
such as sect. Cremophyllum, are not particularly 
unspecialized in reproductive characters. 

The origin of the distinctive Dalechampia in- 
florescence remains unresolved. The white-bracted 
species appear to be insect-pollinated, as the single 
definite report of Miller (1879) suggests. The 
red bracts of species such as D. magnoliifolia 
strongly suggest bird-pollination; these taxa have 
presumably been derived from insect-pollinated 
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ancestors. The species of sect. Rhopalostylis, with 
rudimentary involucres, are especially baffling. 
Vegetatively, such taxa as D. micrantha, with 
foliage suggestive of Plukenetia, could be inter- 
preted as remaining at an "ancestral" condition. 
However, if Michaelis (1924) is correct in his 
suggestion that the primitive inflorescence struc- 
ture is that found in D. tamifolia from Madagascar, 
then the reduced inflorescences in D. micrantha 
do not represent the ancestral condition for the 
genus. At present, therefore, there seems some- 
what more justification for consideration of D. 
micrantha as a "pseudo-primitive" plant with re- 
duction of the involucre than there is for ranking 
it as an ancestral type. 

Venkata Rao (1971) has discussed the inflo- 
rescence structure in Dalechampia on the basis of 
his observations on D. spathulata. His conclusion 
that the cyathium of Euphorbieae cannot be de- 
rived from the pseudanthium of Dalechampia is 
in accord with the views expressed here. However, 
we cannot agree that the inflorescence of Acalypha 
indica is ancestral to that of Dalechampia, as 
suggested by Venkata Rao. The racemoid inflo- 
rescence of Acalypha indica, with its terminal 
malformed female flower and spirally separated 
clusters of male flowers, contrasts strongly with 
the Dalechampia inflorescence, in which there is a 
terminal male flower in a terminal staminate 
pleiochasium. It appears to us that Venkata Rao 
has placed too much emphasis on the terminal 
female flower of Acalypha indica, which is actually 
characteristic of the genus Acalypha and not of 
the tribe Acalypheae as a whole. In fact, the in- 
florescences in Plukenetieae such as Tragia have 
a terminal flower which, although malformed, is 
staminate rather than pistillate (Miller and Web- 
ster, 1967). It would appear, therefore, that the 
ancestral pattern for the Dalechampia inflores- 
cence is to be sought within the taxa of Plukene- 
tieae rather than in Acalypha. 

The analysis of both vegetative and reproduc- 
tive structures leaves no doubt that Baillon (1858), 
Bentham (1880), and Pax and Hoffmann (1919, 
1931) were correct in closely juxtaposing Dale- 
champia and the Plukenetieae, and that the treat- 
ments of Jussieu (1824), Croizat (1940, 1942), 
and Hurusawa (1954) cannot be followed in asso- 
ciating Dalechampia with the tribe Euphorbieae 
(Webster and Webster, 1966; Webster, 1967). 
The recent treatment of Hutchinson (1969), in 
which Dalechampia is placed between Hura and 
Pera, does not reflect phylogenetic relationships, 
and in fact, is a retrograde step. The involucre 
of Pera and the male "involucre" recognized by 
Hutchinson in Huira are not homologous with that 
of Dalechampia, and these three genera are dis- 
similar in such important characters as trichomes, 
pollen, and fruits. 

From the phylogenetic viewpoint, Dalechampia 
certainly has little affinity with Euphorbia but 

rather represents an endpoint of the evolutionary 
line of twining plants in the tribe Plukenetieae, 
from which it differs primarily in its adaptive shift 
to a new mode of pollination. This evolutionary 
"quantum" displacement has resulted in a very 
distinctive floral morphology for Dalechampia, 
while at the same time it has obscured its relation- 
ships with other Euphorbiaceous taxa. 

The dilatoriness of botanists in elucidating these 
problems of affinity is piquantly highlighted by an 
old and neglected observation of Fritz Muller 
(1884), who pointed out that the caterpillars of 
the related butterfly genera Ageronia and Didonis 
(Nymphalidae) had been observed to feed on 
Dalechampia and Tragia, respectively. Referring 
to the then recent (1880) taxonomic juxtaposition 
of the two plant genera by Bentham and Hooker, 
Muller slyly concluded that the affinity of Dale- 
champia and Tragia, "which has been duly ap- 
preciated by butterflies, has finally been recog- 
nized by botanists also." We hope that neotropical 
botanists will now proceed to follow this lepi- 
dopteran inspiration by investigating the compara- 
tive biochemistry as well as the morphology of 
Dalechampia and its allies. 
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