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Ludwigia, comprising about 82 species grouped in 23 sections, is the only member of 
the tribe Jussiaeeae of the plant family Onagraceae. Recent data indicate that Ludwigia is 
the sister group of the other members of the family, all of which share a common ancestor 
distinct from Ludwigia. Within Ludwigia itself, the 30 species treated in this paper share 
a number of plesiomorphic characteristics, which led previous authors to group them in 
sect. Myrtocarpus sensu lato. In fact, this group includes a number of disparate elements. 
We have concluded that it is best divided into seven sections, of which sect. Cinerascentes 
is newly proposed in this paper. 

generalized character states, among them a woody habit (most are shrubs), flowers that are 
pentamerous or more, and a flavonoid profile that includes both glycoflavones and fla- 
vonols. Most of the species are polyploid, but levels of ploidy vary from diploid (n = 8), 
through tetraploid, hexaploid, octoploid, decaploid, dodecaploid, and 16-ploid levels. The 

e number (n = 64), which is found in some populations of L. 
Onagraceae. Polyploidy has played a central role in the 

evolution of this section. Most of the species are outcrossing, and some are genetically self¬ 
incompatible, whereas a few others are autogamous. The unqualified term “Ludwigia sect. 
Myrtocarpus” in the remainder of this paper will refer consistently to the group in this 

Section Pterocaulon consists of five diploid, self-compatible annual species, in which 
modal autogamy apparently reinforces the reproductive isolation of the species. 

The five remaining species that were once included in sect. Myrtocarpus belong to five 
monotypic sections. Sections Cinerascentes and Tectiflora consist of tetraploid species 
loosely related to sects. Pterocaulon and Myrtocarpus, but sharply distinct from these 
groups. Species of sects. Amazonia, Heterophylla, and Humboldtia are diploid; they are 
very distinct from one another and from all other groups within the genus. The last two 
sections each consist of a single, predominantly aquatic species. 

Ludwigia probably originated in South America, the most important center of diversity 

incompatible species are found only in South America, which also suggests a center of 
origin in that continent. The species treated here are mainly Neotropical in distribution, 
with the ranges of three species extending north to the United States; these same species 
are introduced in the Old World. The members of sects. Myrtocarpus and Pterocaulon 
attain their maximum diversity in deep swamps of standing water, which occur in the 
savannas (“campos”) of central and southern Brazil. These species are often found growing 
together but they rarely form natural hybrids, apparently a result of genetic barriers related 
to ploidy level differences and/or persistent autogamy. 

Six new combinations and one new name are proposed here, and one new species is 

Introduction 

Ludwigia (including Isnardia, Jussiaea, and 
Oocarpon; Raven, 1963) is one of the largest and 
most diverse genera in the family Onagraceae, 
with some 82 species and 23 sections (Raven, 
1963; Ramamoorthy, 1979). It is very distinctive 
within the family and is the only genus of the 
tribe Jussiaeeae. The species are mesophytic 

herbs, shrubs, or trees of tropical or subtropical 
regions, with several well-developed groups in 
temperate areas of North America and Asia. A 
few of the herbs are predominantly aquatic, and 
all of the species grow in wet places. A very di¬ 
verse assemblage of species occurs in South 
America, where 45 of the 82 species occur, and 
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genus and for the family (Raven & Axelrod, 1974). 
Ludwigia is specialized in chromosome struc¬ 

ture and number (Kurabayashi et al., 1962; Ra¬ 
ven, 1979; Raven & Tai, 1979) but has rather 
generalized leaf anatomy (Keating, 1982) and 
wood anatomy (Carlquist, 1975, 1977, 1982) 
making it one of the least specialized genera in 
the family. Eyde (1977, 1978, 1981) suggested, 

ovular vasculature, and independently derived 
epigyny, that Ludwigia constitutes the “sister 

11 other Onagraceae (Hennig, 1966); 

Raven (1963) included a synopsis of Ludwigia 
in his revision of the Old World species, but the 
last complete monographs of the New World 
species, including those treated here, were those 
of Munz (1942, 1944). Raven accepted the cir¬ 
cumscription of sect. Myrtocarpus originally pro¬ 
posed by Munz (1942), noting as did Munz that 

o be “the r 

prehensive revision of the sections treated here, 
which comprise 30 species centering in Brazil, is 
essential to an understanding of the evolution of 
the genus. Extensive recent collections of this 

>1< 
;. Myrtocarpus, as origi- 

e by Munz (1942; 
as Jussiaea) and Raven (1963). This work results 
from nearly a year of study in the field (by TPR) 

1 study in the experi- 
lerbarium; it includes 

rived from several independent 
studies that will be detailed below. 

Ramamoorthy (1979) published a sectional re¬ 
vision of this group in which he divided it into 

Myrtocarpus. In addition, we 
ed that Ludwigia mexiae is sufficiently d 
from other members of sect Pterocaulon tl 
is best treated as the only member of a new 

Relationships 

Ludwigia is at least 50 million years old, s 

from the Eocene of Colombia (Gonzales Guz¬ 
man, 1967), British Columbia (Rouse, 1962), and 
the Soviet Far East (Brattseva, 1969), indicating 
an early wide distribution in both the Northern 
and Southern Hemispheres. In addition, fossil 
seeds of Ludwigia have been reported from Plio- 

al., 1963; Mai & Walther, 1978). Another genus 
of Onagraceae, Fuchsia, despite its specialized, 
bird-pollinated flowers and fleshy, bird-dis¬ 
persed fruits, appears to be one of the least spe¬ 
cialized genera in the family (Raven, 1979; Ber¬ 
ry, 1982). The fact that South America is the 
major center of distribution for both Ludwigia 
and Fuchsia suggests strongly that the family On¬ 
agraceae may have originated there (Raven & 
Axelrod, 1974), even though many of the more 
advanced genera of the family have chiefly Lau- 

Eyde(1977, 1978, 1981, 1982) presented con¬ 
vincing evidence that Ludwigia is the sister group 
of the evolutionary line leading to all other On¬ 
agraceae. Among the features of Ludwigia that 
he cited were the deeply intrusive, many-ovuled 
placentas found among the more generalized 
species in the genus; the dual vascular supply to 

yny, even though ii 
species of ( 
dently in Liulwigia and ii 
leading to all of the other surviving g 
common ancestor of Onagraceae, therefore. 

s characteristic of all 1 

s and species recog- 

of Lythraceae. A floral tube with the tube pro¬ 
longed beyond the summit of the ovary—a fea- 
ture common among other genera of Onagra- 

r evolved in the Ludwigia 

Carlquist (1975,1982) reports that interxylary 
: more advanced tribes of 
: in Fuchsia, Hauya, and 

eight of the nine species of Ludwigia he exam¬ 
ined. In the large stems of the sample of L. sericea 
he examined, interxylary phloem occurred as 
bands of various tangential extent near the pe- 
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Table 1. Sections and species of Ludwigia sect. Myrtocarpus sensu lato. Abbreviations under Breeding System 
are as follows: SC, self-compatible; SI, self-incompatible; SELF, mostly self-pollinating; OUT, outcrossing, 
compatibility unknown. See text for further discussion. 

I. Myrtocarpus 
1. L. tomentosa (Camb.) Hara 
2. L. peruviana (L.) Hara 

Acronym Breeding System 

TOM SELF 
PER Mixed SELF and OUT (SC) 

L. multinervia (Hook. & Am.) 

CAP OUT (SC) 
LAR OUT (SC) 
MUL OUT (SC) 

32 
32, 40, 48, 

64 

32 
16 

BUL OUT (SC) 24 
ELE SI (Vieira & Shepherd, 1981) 32 

(possibly some SC) 
FOL OUT 24 
BUR - - 
BRA OUT 32 
ALB OUT 32 
SER SI (Sazima & dos Santos, 16 

1982) (possibly some SQ 
HAS SELF 16 

MYR OUT 24 
MAR OUT 24 

IRW OUT (SI) 24 
NER OUT (SI) 8 
RIG OUT - 
PSE OUT (SI) 16 

ANA SELF - 

21. L longifolia (DC.) Hara 
22. L. major (Micheli) Ramamoor- 

thy 
23. L filiformis (Micheli) Rama- 

26. L. mexiae (Munz) Hara 
IV. Tectiflora 

27. L. latifolia (Benth.) Hara 

LON OUT (SQ 
MAJ SELF 

FIL SELF 

DEC SELF 
ERE SELF 

MEX SELF 

LAT SELF 

28. L. densiflora (Micheli) Hara 
VI. Heterophylla 

29. L. inclinata (L. f.) Gomez 

DEN SELF 8 

INC Mixed SELF and OUT? (SQ 8 

30. L. sedoides (H. & B.) Hara SED SELF? 
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: secondary xylem. Judging from 
:s, interxylary 

phloem evolved independently in Ludwigia, Lo- 
, and Epilobium. The 

s of the common 
ancestor of Ludwigia. According to his argu¬ 
ments, it would have had flowers that were pen- 

an inner spongy layer. From such a stock the two 
closely related and very distinctive sections, Oli- 
gospermum and Oocarpon, diverged early as a 

5 of both sections re- 

These are the characteristics cited by Munz (1942) 
and Raven (1963) in their delimitation of the 
group. In other characteristics, however, as we 
document below, the series of sections treated 

example, Ludwigia is unique in the family On- 
agraceae in containing both flavonols (five total 
compounds, 3-O-glycosides based on quercetin) 

ascentes and Myrtocarpus, and in two of the five 
species of sect. Pterocaulon, whereas only fla¬ 
vonols occur in sects. Tectiflora and Humboldtia 

singly, Heterophylla, and Amazonia. 

in tetrads or polyads (Raven, 1963; Skvarla et 
al., 1975; Praglowski et al., 1983). Since there is 
no evidence that these sections were derived from 

it shed pollen in tetrads, a condition 
>t known in the order Myrtales (Patel 

et al., 1984), it seems probable that the ancestral 
species of Ludwigia shed their pollen singly, with 
tetrads and ultimately polyads (adherent groups 
of tetrads) derived within the genus (Praglowski 
etal., 1983). 

Another distinctive section of Ludwigia that 
usually has 5-6-merous flowers, but that also has 
a spongy layer in the ovary wall, is sect. Semi- 
nuda, a group of five species found in both Latin 

might have diverged from the main stock of Lud¬ 
wigia before the other sections differentiated 
(Eyde, 1977, 1978). Rowers that are pentamer- 

e are also found in L. densiflora (sect. 
Tew species of sect. Myrto- 

feature. A spongy layer in the ovary wall appar¬ 
ently evolved in the common ancestor of the 
species of Ludwigia except for s 
including Oligospermum and Oocarpon. Floral 
tetramery became a stabile feature of most sec- 

e early evolution of the 

' of apparently plesiomorphic char- 
including diplostemony; relatively 

large flowers; sunken, hair-rimmed nectaries 

more closely comparable to that of the other 16 
sections recognized by Raven (1963), Rama- 
moorthy (1979) divided the species treated here 

ans, six of which we continue to 
accept and one that we add here (cf. Table 1). 
These sections are natural groups of directly and 
closely related species, in keeping with the usage 
of this taxon elsewhere in the family (e.g., Lewis 
& Lewis, 1955; Raven, 1963, 1969, 1976b). Us¬ 
ing these standards, the species of Ludwigia are 
assigned to 23 sections, 14 of which are mono- 

We assign 20 relatively generalized species, 
usually with woody habit, the retention of flowers 
that are pentamerous or more, and a number of 
other plesiomorphic characteristics, to sect. Myr¬ 
tocarpus. Section Pterocaulon consists of five an¬ 
nual, diploid species that also retain many gen¬ 
eralized features, but also share several distinctive 

flowers and 
species. The 
otypic, each 

i by a combination of distinctive 

Morphology and Anatomy 
Habit and stem. The species of sect. Myrto- 

sects. Pterocaulon and Amazonia are diploid an¬ 
nuals (Table 1). The stoloniferous habit char¬ 
acteristic of Ludwigia inclinata (sect. Hetero¬ 
phylla) and L. sedoides (sect. Humboldtia) is 
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flora. The hairs may be 1-2 mm long in 
biflora (Fig. 1G) or L. brachyphylla. The i 
lular hairs of L. bullata (1-1.5 mm Ion 

lular, spreading, 0.2-3 mm long, as in Ludwigia 
peruviana (Fig. IF), L. caparosa, L. multinervia, 
and L. elegans (very few hairs are found in these 
two last species), or on the capsule of L. folio- 

L. bullata (usually unicellular hairs). 

The hairs that surround the sunken nectaries 
of all species treated here are conspicuous, stiff, 
erect, and thick, and apparently may be either 
unicellular or multicellular. 

Leaves (Fig. 2). The leaves of the species 
treated here may be membranous (extremely so 
in Ludwigia latifolia), or relatively tough and 
thick (e.g., L tomentosa, L. bullata, and L. ner¬ 
vosa). The margins are usually subentire, with a 
few glandular reddish or pink teeth that have an 
unusual hydathodal structure (Castells et al 
1979; Keating, 1982). The leaves of Ludwigia 
tomentosa are serrulate, whereas those ofL. se- 
doides are crenate in the upper half. The apex is 
acute in most sp< 
The leaves of n 

forming a short petiole. In Ludwigia sedoides. 

are shorter in the i.. ____ _ 
rosette floating on the surface of the water. 

The size and shape of the cauline leaves are 
quite constant in most species, and are useful 
taxonomic characters (Fig. 2). The leaves of Lud¬ 
wigia peruviana, however, are highly variable in f <- i 2 to 45 cm long. Ludwigia 

: rhombic-ovate leaves 
k-walled secretory idioblasts beneath 

both epidermal layers (Keating, 1982). The an- 
s very nar¬ 

row, linear leaves while the related L. longifolia 

The number, pattern, and prominence of the 
secondary veins vary widely among the species 
treated here. In Ludwigia sedoides, for example, 
the venation is inconspicuous and sparse, where¬ 
as in L. bullata, at the other extreme, the veins 

f prominent, with the second- 

pressed areas, thus giving the leaf a bullate ap¬ 
pearance. Ludwigia peruviana, L. elegans, and 
L. foliobracteolata have large leaves with nu¬ 
merous veins—up to 40 secondary veins on each 
side of the midrib in L. peruviana. In L. elegans 
and L. foliobracteolata (both sect. Myrtocarpus), 
the secondary veins are parallel as they are in L. 
latifolia (sect. Tectiflora). In other species, the 

pattern being that of L. anastomosans. In narrow 
leaves like those of L. fdiformis and the whorled 
basal ones of L. inclinata, the secondary veins 

Inflorescence. As in most Onagraceae, the 
flowers are borne singly in the axils of the upper 
leaves, which may be reduced to bracts. The two 
exceptions are Ludwigia latifolia and L. nervosa, 
in which more than one flower may be borne in 
each axil. The flowers are sometimes crowded 
together at the apex of branches by a shortening 
of the intemodes. In L. densiflora, the bracts are 
so reduced that the flowers seem to be grouped 
into a spike. 

Pedicels. The flowers and fruits may be ses¬ 
sile in Ludwigia erecta or borne on long pedicels, 
as in L. inclinata and L. sedoides (Fig. 4A, B). 

Bracteoles. The subopposite bracteoles found 
in all of the species considered here vary in po¬ 
sition from the base of the pedicel to halfway up 
the ovary. They are usually lanceolate and sub¬ 
tended by a pair of gland-like stipels, which are 
absent in Ludwigia decurrens, L. erecta, L. in¬ 
clinata, and L. sedoides. The large, foliaceous, 
persistent bracteoles of L. foliobracteolata, which 
are borne halfway up the ovary, are very dis¬ 
tinctive. In L. tomentosa, bracteoles are seta¬ 
ceous and located at the top of the pedicel, where- 
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: species treated here, 
patterns of stamen posture at anthesis: 

1) Filaments laid flat on the petals, with a 
imum distance between the stigma and tl 
thers, as in Ludwigia longifolia (Fig. 4D). 

2) Filaments arched around the style bu 
jecting away from it, leav 
the stigma and the anthers, as in Ludwigia ner¬ 
vosa (Fig. 3B) and L. pseudo-narcissus (Fig. 3A). 

3) Filaments held close to the style and twisting 

around it; eventually both filament and anthers 
twist further on their axes and establish contact 
with the stigma, as in Ludwigia major. 

4) Filaments projecting away from the base of 
the style, which in these cases is generally shorter 

;nts. The anthers subse- 
may shed pollen directly 

in Ludwigia caparosa and L. 
peruviana (Fig. 3D). 

5) Filaments remaining erect and closely ap- 
pressed to the style, with the anthers shedding 
pollen directly on the stigma, as in Ludwigia de- 
currens (Fig. 4G), L. densiflora (Fig. 4F), and 

A nthers. The anthers vary from 0.2 mm long 
in Ludwigia densiflora to 6 mm long in L. pe¬ 
ruviana. In species with relatively short anthers, 
the anther lobes are subglobose. The anthers of 
L. latifolia are ciliate, a feature that may be unique 
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nous tissue of at least some species of each genus 
of Onagraceae (Tobe & Raven, 1985). However, 
whereas in most genera and in some species of 
Ludwigia the septa are composed only of tapetal 
tissue, the septa in Ludwigia latifolia, L. linearis 
Walt, Hauya, and four genera of the tribe On- 
agreae are composed of both tapetum and paren¬ 
chyma. This pattern strongly suggests that par- 

four times in the family (Tobe & Raven, 1985), 

different species of Ludwigia in which they occur. 
Pollen. The pollen of Onagraceae has re¬ 

ceived much attention (e.g., Skvarla et al., 1975, 
1976, 1978). Pollen characters provide distin- 

presence of viscin threads and the unusual ek- 
texine structure) and subfamilial levels, 
survey of the pollen of tribes Fuchsieae and Jus- 
siaeeae by Praglowski et al. (1983) includes all 
species of Ludwigia except L. anastomosans, L. 
burchellii, and L. foliobracteolata (L.filiformis is 
listed in that paper as L. strictifolia). In its pollen 
morphology, Ludwigia is quite homogeneous 
(Skvarla et al., 1976; Raven & Tai, 1979); for 
example, all species have smooth vii 

As previously mentioned, pollen shed 
nads is thought to be the ancestral condition 
(Praglowski et al., 1983), with tetrads derived 
from monads within Ludwigia. Polyads, formed 
by the adhesion of tetrads in a further evolu¬ 
tionary step, are characteristic of all species of 
sects. Africana, Macrocarpon, Myrtocarpus, and 
Pterocaulon, with the exception of L. erecta 
(Praglowski et al., 1983); polyads have evidently 
been lost during the course of evolution of this 

their pollen only as tetrads, with the possible 
exception of some populations of L. latifolia, 
which might have polyads, although, considering 
the divided sporogenous tissue in this species, 
they could only be small ones. In other species 
where polyads occur, they seem to include most 
or even all of the contents of a locule. 

Thef 
pollen in tetrads or polyads has not been proven, 

ing species, and monads only in self-pollinating 
ones, with the exception of sects. Oligospermum 
and Oocarpon, as already discussed. Other ex¬ 
amples of monad formation within the genus 

derived from tetrad-forming 
ancestors. Tetrad-forming species, on the other 

particular case from polyad-forming ancestors. 
Ovary. The ovary is usually conical, tapering 

gradually towards the pedicel (Figs. 3, 4), and 

or winged in Ludwigia decurrens. The ovaries 
L. densiflora and globose in L. 

latifolia, two species that are unusual with re¬ 
spect to this character. In the self-incompatible 
species (Table 1), the ovaries are usually less than 
1 cm long, whereas in self-compatible species 
with facultative or modal self-pollination, the 
ovaries are sometimes longer. The pluriseriate 
ovules of the species treated here are crowded 
on the deeply intrusive placentas that are com¬ 
monly spathulate in cross section (Eyde, 1977). 

Style. The style is generally longer than the 

pillose and covered by a glistening secretion. It 

Disk. The disk at the summit of the ovary in 
most species of Ludwigia is elevated. It may be 
conical (as in L. anastomosans and L. nervosa) 
or flat (as in L. densiflora). The nectaries of Lud¬ 
wigia are borne on this disk; in the species treated 

of an episepalous stamen. These nectaries are 
ringed with long, white, stiffly erect, apparently 
either uni- or multicellular hairs; such hairs are 
absent among the species treated here only in L. 
densiflora and in most plants of L. erecta, both 
of which are highly autogamous with small flow¬ 
ers that are rarely visited by insects. These hairs 

i of nectar; they 
may also bar ants and other small nectar 
“thieves,” while still allowing access to larger 
pollinators (Eyde, 1981). Insects approach the 
nectaries across the petals through the bases of 
the overarching stamens. 

Capsules (Figs. 5-7). The capsular morphol¬ 
ogy is variable in Ludwigia (Raven, 1963; Eyde, 
1978) and provides very useful taxonomic and 

i (1942) and Raven 
(1963) considered the prominently ribbed cap¬ 
sules of sect. Myrtocarpus sensu lato with their 
pluriseriate, free seeds, to be both a distinguish¬ 
ing characteristic of the group and evidence for 

tive status (Eyde, 1978). The mostly ob- 
obpyramidal capsules of the species 
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decurrens to 4.2 cm in L. longifolia\ most are 
readily and irregularly dehiscent. The capsule wall 
consists of single inner and outer epidermal lay¬ 
ers and an intervening parenchyma with a vari¬ 
able number of cell layers (Eyde, 1978). A well- 
defined spongy layer of parenchyma forms in the 
ovary wall of most species, which may aid in 
seed dispersal or possibly have a function in pro¬ 
tection against predators (Eyde, 1978). This 
spongy layer is lacking in two species of this group, 
Ludwigia latifolia and L. densiflora. The cap¬ 
sules of both species are essentially indehiscent, 
and those of L. densiflora are subcylindrical and 
very tough with strong ribs and a woody texture. 
In the sandy, riverside habitats of L. densiflora, 
the indehiscent capsules are probably an efficient 
dispersal unit, comparable to the independently 
evolved ones of sect. Oligospermum in this re- 

Seeds. The importance of seed characters in 
Ludwigia was first pointed out by Wright (1869), 
confirmed by Micheli (1874a, 1875), and exten¬ 
sively developed and used in delimiting sections 
by Raven (1963). Among the characters empha¬ 
sized by Raven (1963) seeds are: pendulous or 
horizontal, uni- or pluriseriate per locule, free or 
embedded in the endocarp, and with variously 
enlarged raphe. The way in which seeds are 
embedded in the endocarp also varies, from firm¬ 
ly embedded in woody coherent chunks of en¬ 
docarp, to loosely embedded and easily detach¬ 
ing from it, or enclosed in horseshoe-shaped 
pieces of endocarp, in powdery soft pieces or in 

The species treated here were grouped by Munz 
(1942) and Raven (1963) partly by their uniform 
and distinct seed morphology. Seeds are free and 
pluriseriate in each locule of the capsule, with a 
relatively narrow raphe one-fifth to one-half as 
wide as the seed. The seeds vary in size from 0.4 
mm long in Ludwigia decurrens to 2 mm long 
in L. anastomosans. The outer epidermal cells 
develop median longitudinal thickenings in most 
species, species with unusual features include L. 
densiflora, with outlines and orientation of cells 
more variable than in other species, and L. la¬ 
tifolia, with cells very large in c 
.. ‘ e, 1978). 

Cytology 

All species of Ludwigia share a basic chro¬ 
mosome number of * = 8, a number otherwise 
known in Onagraceae only in a few derived, 

aneuploid species of the unrelated genera Clarkia 
and Lopezia (Raven, 1979). Aneuploidy is un¬ 
known in Ludwigia, but polyploidy is frequent 
(Raven & Tai, 1979). 

Three of the five monotypic sections treated 
here, sects. Amazonia, Heterophylla, and Hum- 
boldtia, and sect. Pterocaulon with five species, 
are entirely diploid (Table 1). The monotypic 
sects. Cinerascentes and Tectiflora are both tet- 
raploid (n = 16). The 20 species of sect. Myr- 
tocarpus comprise a well-developed polyploid 
complex. In this section, the only known diploid 
is Ludwigia nervosa. Four species are exclusively 
tetraploid (n = 16), five species hexaploid (n = 
24), five species octoploid (n = 32), and L. ca- 
parosa is decaploid (n = 40; Table 1). One of the 
most widespread species, L. peruviana, is a poly- 

32, 40, 48, and 64, the latter being the highest 
chromosome number known in Onagraceae. The 
chromosome numbers of four species are un- 

: chromosome number for Onagra- 

Fushsieae, as well as in Circeeae, and in some of 
the least specialized taxa of Lopezieae and On- 
agreae (Raven, 1979). Compared with the other 
members of the family, the chromosomes of Epi- 
lobieae and Jussiaeeae are relatively small and 
remain heteropycnotic throughout the mitotic 
cycle (Kurabayashi et al., 1962). Raven and Tai 
(1979) consider Ludwigia, with x = 8 and having 
highly specialized chromosomes, to have been 
derived from the more generalized onagraceous 
stock with larger chromosomes and a basic chro¬ 
mosome number of x = 11. 

In the sections here considered, as in Ludwigia 
generally (Raven, 1979; Raven & Tai, 1979), there 
is only a weak correlation between ploidy level 
and breeding system (Table 1). For example, six 
of the nine diploids are autogamous, one is mod- 
ally outcrossing but self-compatible, and one ge¬ 
netically self-incompatible. Among the poly¬ 
ploids, four of 18 are modally autogamous and 
four are self-incompatible, with the others out- 
crossing but self-compatible or with mixed or 
undetermined breeding systems. Of the six tet- 
raploids, three are autogamous, one is modally 
outcrossing but self-compatible, and two are ge¬ 
netically self-incompatible. All five hexaploids 
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self-compatible and anothe 
Of the five octoploids, one 
four are outcrossing. In L. pern 
traspecific polyploidy is known 
and autogamy occur, but self-incompati 

Pollination Biology 

Most of the species treated here branch pro¬ 
fusely and produce many flowers. These flowers 
are visited primarily by bees and to a lesser extent 
by other insects. Bees and some syrphid flies often 

come in direct contact with t 
which are held in masses by viscin threads and 
often as polyads also. Butterflies often land on 
the petals and extend their long proboscides in 
between the anthers; when they do so, they rarely 
come into direct contact with any pollen. The 
smaller-flowered species, especially those of sect. 
Pterocaulon, are rarely visited by insects; they 
are predominantly autogamous. 

Breeding Systems 

Trends in breeding systems are shown in Ta¬ 
ble 2. 

About two-thirds (54 of 82) of the species of 
Ludwigia modally self-pollinate (Raven, 1979, 
and pers. comm.). The physical separation of the 
stigma and anthers—dichogamy—is character¬ 
istic of the 26 species in which outcrossing is 
prevalent. There are no known instances in Lud¬ 
wigia of protandry, protogyny, or male sterility, 
such as are found in other genera of Onagraceae 
(Raven, 1979). At least seven species of Lud¬ 
wigia, however, are genetically self-incompati¬ 
ble, a condition that occurs in about a quarter of 
all outcrossing species in the family (Raven, 
1979). It is found in tribes Hauyeae, Lopezieae, 
Onagreae, and, in a different form, in Epilobieae 
(S. Seavey, unpubl. data), in addition to Jus- 
siaeeae; there is no evidence that genetic self¬ 
incompatibility ever evolved in a group in On¬ 
agraceae once it had been lost (Raven, 1979). 
This led Raven to suggest that the original com¬ 
mon ancestor of Onagraceae must have been ge¬ 
netically self-incompatible. 

The 20 species of sect. Myrtocarpus mainly 
outcross; their stamens are held away from the 

In most populations of the widespread L. peru¬ 
viana, the anthers also shed pollen directly on 
the stigma, and autogamy is prevalent; in con- 

ne of the larger-flowered plants of this 

Genetic self-incompatibility has been dem¬ 
onstrated in five species of sect. Myrtocarpus and 
probably occurs in others (Table 1). Ambiguous 
results suggest that in Ludwigia elegans and L. 

Vieira and Shepherd (1981) and Sa- 
dos Santos (1982), respectively. 

species treated here, be- 
sections, Ludwigia longifolia (sect. 

Pterocaulon) and possibly some populations of 
L. inclinata (sect. Heterophylla) outcross, while 
all of the other species and populations regularly 
self-pollinate. The flowers of all ten species have 
relatively large stigmas and small anthers that 
come into contact with them directly at anthesis, 
as well as large ovaries with many ovules. 

Two species, both primarily aquatic—Ludwig¬ 
ia inclinata and L. sedoides—have extensive, 
spreading systems of horizontal stems from which 
new erect branches arise. Vegetative reproduc¬ 
tion rarely occurs among the other 28 species 
included here. 

Determinations of compatibility (Table 1) were 
made on plants grown experimentally at the Mis¬ 
souri Botanical Garden in St. Louis. Controlled 
self- and cross-pollinations were performed, and 

after 
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40,48, and 64 have been found, often grows with 
L. caparosa (n = 40), L. elegans (n = 32), L. 
laruotteana (n = 32), and L. tomentosa (n = 32), 
and some morphologically intermediate plants 
have been found, which almost certainly repre¬ 
sent hybrids. These s 
bers of an extei 

riochloa intermedia (R. Br.) A. Camus (Harlan 
& de Wet, 1963) or to Oenothera parodiana Munz 
(Dietrich, 1977). In the latter species, complex 
structural heterozygosity and not polyploidy is 

the three species of sect. Pterocaulon, suggesting 
that all members of this section may be inter- 
fertile. Seeds were also obtained in a cross be¬ 
tween Ludwigia elegans (n = 32) and a strain of 
L. peruviana with n = 40. The other combina¬ 
tions did not produce seeds in our experiments. 
Earlier, Ormond (1973) reported seed set in 

ven (sect. Macrocarpon) and, respectively, L. 
longifolia (sect. Pterocaulon) and L. elegans (sect. 
Myrtocarpus). 

Sympatric Occurrence 

Many species of Ludwigia are sympatric, es¬ 
pecially in southern Brazil (Eiten, 1984) and ad¬ 
jacent Paraguay and Argentina (Table 3). Hy¬ 
brids, however, are apparently rare. 

A few highly sterile plants from Brazil appear 
to represent hybrids between Ludwigia nervosa 
(n = 8), on the one hand, and both L. brachy- 
phylla (n - 32) and L. myrtifolia (n = 24) on 
the other. These putative hybrids are discussed 
further unde- ' 

Ludwigia peruviana, a polyploid complex in 
which gametic chromosome numbers of n = 32 

The 30 species of Ludwigia treated here, corn- 
sections, all occur in South Amer- 

(Table 4), with a fei 
these species grows in 
of central and southern 

Brazil, Paraguay, and northernmost Argentina. 
A number of species reach Central America 
(nine), the Caribbean (seven), Mexico (eight), and 
the United States (five; two of them undoubtedly 
recent introductions), with L. peruviana, L. de- 
currens, and L. erecta particularly widespread 
and also introduced in the Old World (Raven, 
1963). 

Three of the five monotypic sections treated 
here are basically Amazonian in distribution— 
sects. Amazonia, Cinerascentes, and Tectiflora— 
with the latter also extending north into Central 
America and to Trinidad. The other two mono¬ 
typic sections, Humboldtia and Heterophylla, are 
especially frequent in northern South America, 
rarer southward, and extend into Central Amer¬ 
ica, southern Mexico, and Cuba and Jamaica in 
the Caribbean. 

Most of the species of the two larger sections, 
Myrtocarpus and Pterocaulon, 
southern Brazil and a 
gentina and Paraguay, 
number of species occurs in Minas Gerais (19/ 
30), followed by Sao Paulo (16), Goias (14), Para¬ 
na (13), Mato Grosso do Sul (12), and Para and 
Rio de Janeiro (11); the last-mentioned state is 
smaU^but has 11 native species, including the 

~~ Ludwigia anastomosans (Table 5). 
I the species centered in southern Brazil, 

Ludwigia n 
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of the wet habitats in which they o 

Populations of Ludwigia often 
» accordance with the distribution leriana are often found 

■. They are 
also variable in size. Populations of£. tomentosa 
may number hundreds of individuals in central 
Brazil, as do those of L. longifolia in and around 
Curitiba, where they dominate vast stretches of 
wet lands. In the state of Sao Paulo, L. peruviana 
forms huge colonies, as does the procumbent L. 
elegans. Ludwigia sericea may form colonies from 
ten to 500 individuals, while L. 
brachyphylla, L. pseudo-narcissus and L. myrti- 
folia generally occur in populations of only three 

and L. major and L. hass- 

Evolution and Phylogeny 

Even after the exclusion of ten species into six 
;w sections, sect. Myrtocarpus remains the larg- 
t in the genus, with 20 species. Evolution in 
is polyploid complex has been reticulate, and 
is resulted in the evolution of several clusters 



Table 5. Distribution of Ludwigia sect. Myrtocarpus sensu lato in the states of Brazil See Tat 

4(13) 

Piaui (6) 
Rio de Janeiro (11) 
Rio Grande do Sul (9) 
Rondonia (6) 
Roraima (6) 
Santa Catarina (9) 
Sao Paulo (16) 

polyploid complex of six self-compatible 
species—Ludwigia tomentosa (n = 32), L pe¬ 
ruviana (n = 32, 40, 48, 64), L. caparosa (n = 
40), L. laruotteana (n = 32), L. multinervia (n = 
16), and L. bullata (n - 24). All of these species 
tend to be woody, and, furthermore, pentamer- 
ous flowers are common in L. tomentosa, L. pe¬ 
ruviana, and L. caparosa; both woodiness and 
flowers that are pentamerous or more are ap¬ 
parently plesiomorphic features for the genus as 
a whole (Eyde, 1977, 1978). Ludwigia bullata is 
distinctive within this group in its unique bul¬ 
bous-based, unicellular hairs. Most populations 
°f L Peruviana self-pollinate readily, but the re¬ 
maining populations of that species and all pop¬ 
ulations ofthe other five species predominantly 
outcross. The interrelationships between these 
species and the genomes they have incorporated 
during the course of their evolutionary history 
have not yet been investigated. Tetramery is 
characteristic of all species of sect. Myrtocarpus 
other than the ones just mentioned 

Ludwigia burchetlii (n “ ?), Z,. foliobracteolata 
in -24), and L. etegans (n - 32) comprise another 

outcrossing, and L. elegans is genetically self¬ 
incompatible, at least in part. Ludwigia folio¬ 
bracteolata and L. burchellii are similar in their 
large, persistent bracteoles, which are foliaceous 

larger, somewhat more diffuse group ot eight 
large-flowered, self-incompatible species (as far 
as known) centers around the diploid Ludwigia 
nervosa (n = 8), one of the most widespread and 
variable species in sect. Myrtocarpus and the only 
known diploid. Owing to the distinctive features 
of some of these species, we believed at one time 
that they were best segregated as a distinct sec¬ 
tion, sect. Michelia Ramamoorthy (1979). We 
now consider that their relationships are better 
reflected by retaining them within a more inclu¬ 
sive sect. Myrtocarpus. The most closely related 
species, L. rigida (n = ?), has narrower leaves 
than most populations ofL. nervosa, from which 
it may have been derived. Ludwigia pseudo-nar¬ 
cissus (n = 16), which also resembles L. nervosa 
closely, but differs in its tetraploid, white flowers, 
more profuse branching, and larger leaves and 
capsules, may have been derived from L. ner¬ 
vosa. The strongly outcrossing hexaploid (n — 
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24) species Ludwigia myrtifolia, L. martii, 

one another, forming a mosaic group. Ludwigia 
martii and L. irwinii resemble one another rather 
closely but are largely allopatric. Among the re¬ 
maining species of the L. nervosa group, L. cd- 
biflora and L. brachyphylla are closely related, 
outcrossing, octoploids (n = 32). Ludwigia al- 
bijlora usually has white petals, lanceolate leaves, 
and suberect buds, while L. brachyphylla has yel¬ 
low petals, obovate leaves, and nodding buds. 

in Goias, Mato Grosso, Bahia, and Minas Gerais 
near Prata, Frutal, and Monte Alegre c 
and L. brachyphylla found in Piaui, Sao Paulo, 
and in Minas Gerais in the Serra da Espinha$ao. 
Morphological intermediates between L. albi- 
Jlora (n = 32) and L. nervosa (n = 8) have been 
found in Goias, west of Goiania, and may be 
hybrids (see discussion under L. albiflora). 

The usually white-flowered Ludwigia hassler- 
iana and the yellow-flowered L. sericea a 
related tetraploids (n = 16), which resemble the 
L. nervosa group in some respects. Both species 
are clothed with long, thin trichomes, which are 
whitish in L. sericea and brownish in L. hass- 

ana. Ludwigia sericea, wh 

have given rise to tl 
The entire range of L. hassleriana i 
within that of L. sericea, a 

mous, is Ludwigia anastomosans, a rare species 
that differs greatly from all the others of the sec- 

i very distinctive leaf archi¬ 
tecture with anastomosing secondary veins and 
two parallel submarginal veins. 

Among the other sections included in this pa¬ 
per, the largest is sect. Pterocaulon, which con¬ 
sists of five genetically self-compatible, annual, 
diploid (n = 8) species. Ludwigia longifolia, which 
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. Less closely related are the two wide¬ 
spread weeds, L. decurrens and L. erecta. 

The five remaining species each belong to 
separate, monotypic sections; they are highly 
distinctive. Ludwigia mexiae (sect. Cineras- 
centes)—characterized by a woody habit, poly- 

have been derived fi 
. The relationships of the 

Systematic Treatment 

With the exception of Ludwigia decurrens 
Walter, all of the species treated here were first 
described as taxa of Jussiaea L. Carolus Linnaeus 
(1753) described four species of Jussiaea, two of 
which belong here: J. erecta, cultivated in Eu¬ 
rope, probably from seeds sent by William Hous- 
toun from Cartagena, and J. peruviana, based on 
an illustration by Louis Econches Feuillee of a 
plant from Lima. The same two species were 
described by Phillip Miller (1768), also based on 
Houstoun material, as, respectively, J. onagra 
(= L. erecta) (probably from the same material 
used by Linnaeus) and J. hirsuta (= L. peru¬ 
viana). 

piand m Tropical America in the years 1799- 
1804 resulted in the description of 11 new species 
of Jussiaea (Humboldt & Bonpland, 1805; Hum¬ 
boldt et al., 1823), three of which were based on 
material of species treated here: J. sedoides, J. 

1813). 
The first i 

center of diversity for Ludwigia, were obtained 
by Auguste Francois Cesar Provengal de Saint- 
Hilaire from 1816 to 1822 and resulted in the 

palmitensis (= L. nervosa) are 
: specific level. Saint-Hilaire’s col- 

the states of Minas 
Gerais, Rio de Janeiro, and Sao Paulo. He also 
introduced into European greenhouses some of 
the more attractive plants he had collected, in¬ 
cluding the one described by Augustin Pyramus 
de Candolle (1824) as J. longifolia, from plants 
cultivated at Geneva. 

The text of Jose Vellozo’s “Florae Fluminen- 

which part was published in 1829, included a 
treatment of Jussiaea. The year 1831 is accepted 
as the valid date of publication for the beautiful 
plates, which are the types of all his new species 
(Carauta, 1973; Vellozo, 1829, 1831, 1881). Four 
species of Jussiaea are described and illustrated 
by Vellozo, of which two may belong among the 
sections treated here as already suggested by Munz 
(1942); no authentic herbarium material seems 
to have survived. Jussiaea palustris and J. ter¬ 
minalis may be synonyms of L. laruotteana and 
L. anastomosans, but the typification of these 
names is not certain, so that they are listed as 
“doubtful species.” 

Marc Micheli’s studies of the Brazilian collec¬ 
tions made by William John Burchell (1825— 
1830), George Gardner (1836-1841), Friedrich 
Sellow (1813-1831), and Auguste Francis Ma¬ 
rie Glaziou (1861, 1887, 1894; see Wurdack, 
1970, for a discussion of Glaziou’s localities) re¬ 
sulted in three publications. First Micheli pub¬ 
lished some notes on Brazilian Onagraceae 
(Micheli, 1874a). In a second paper, he described 
13 new species of Jussiaea (Micheli, 1874b). Of 
the seven treated here, all but J. potamogeton 
(= L. inclinata) are still regarded as distinct at 
the specific level. Subsequently, Micheli (1875) 
prepared a comprehensive and thorough treat¬ 
ment of Onagraceae for Marius’ “Flora Brasi- 
liensis.” In it, he treated 36 species of Jussiaea, 
of which 22 with seven varieties belong among 
the sections treated here. In Table 6, we present 
a comparison of the major taxonomic treatments 
of the species included in the present revision. 

enced all subsequent work in this group. 
The next historical figure of importance for 

this group is Emil Hassler, who collected exten¬ 
sively in Paraguay. A series of papers based on 
his collections appeared between 1899 and 1913 
(Chodat, 1899; Chodat & Hassler, 1903; Hassler, 
1913a, 1913b, 1913c). The overall treatment was 
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Table 6. Comparison of some differing species concepts among the major h 

L. filiformis (Micheli) 

Jussiaea potamogeton 
Micheli 

In syn. J. myrtifolia 
Camb. 

In syn. J. myrtifolia 
Camb. 

In syn. J. longifolia va 
warmingii Hassler 

J. longifolia var. majo 
Micheli 

J. multinervia Hook. & 
& Am.) comb. nov. Am. In syn. J. caparosa 

Camb. 
L. hassleriana (Chodat) In syn. J. sericea var. vil- 

somewhat confused. 

scribed—/. 
do-narcissus—as valid. 

The final major figure in the taxonomic history 
of Ludwigia, Phillip Munz, published the first 
comprehensive revision of the group (Munz, 
1942), which was partly repeated in his treatment 
of Onagraceae for “Flora Brasilica” (Munz, 1947). 
Munz basically accepted and followed Micheli’s 
taxonomy (Table 6) but refined the sectional con¬ 
cepts and updated the nomenclature. He recog¬ 
nized 23 species in the groups treated here, de¬ 
scribing 
foliobracteolata, i 

during eight months of field work in Brazil, Par¬ 
aguay, and Argentina, forms the basis of the pres¬ 
ent study. These new collections have enabled 
us to evaluate patterns of variation critically, and 
to define geographical ranges of the species more 

and J. 

new collections have been made by a number of 
investigators, especially Balduino Rambo, Rau- 
lino Reitz, and Gert Hatschbach in Brazil, and 
Arturo Burkart, Antonio Krapovickas, and Troels 
Pedersen in Argentina. Many other new collec¬ 
tions of great importance have come from col¬ 
laborative field work undertaken by the New 
York Botanical Garden and associated Brazilian 
institutions since World War II. The study of all 
those collections, supplemented by hundreds of 
new specimens collected by the senior author 

followed the kind of definitions that were applied 
to Onagraceae by Lewis and Lewis (1955) and 
Raven (1963,1969, 1976b). Our analysis of pat¬ 
terns of variation observed in the field, supple¬ 
mented by herbarium study, resulted in the de¬ 
tection of “ecogeographically” definable units, 

morphological variation occurred (Raven, 1976a, 
1980). We have designated these units as species. 

Some of the more heterogeneous species rec- 

folia, L. longifolia, L. caparosa, and L. s 
have been subdivided into smaller and me 
ily defined units (Table 6). We have not 

For a description t 
Ludwigia L., the rea< 
(1963). 

I generic synonymy of 
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t can be 4-, 5-, 6-, or 7 

13(2): 151. 1875; Cook & Collins, 
U.S. Natl. Herb. 8(2): 172. 1903; 1 

Bras. 41: 34. pi. 22. 1947; !■ 
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species, is closely allied to L. peruviana, from 
which it may be distinguished by its smaller stat¬ 
ure, 1-2 m tall, and narrower leaves, exception¬ 
ally up to 3 cm wide. 

Gregory and Klein (1960: 507) reported a 
chromosome number of n = 16, but no voucher 
seems to exist of plants grown in Claremont, 
California, from seeds collected in Brazil, Rio 
Grande do Sul, Osorio, 35 ft., by Williams 18946 
(USDA Plant Introduction 249203). A plant 
grown later from the same seed (Raven 18111, 

MO), is of uncertain identification (it lacks flow¬ 
ers) but is not L. caparosa. It is similar to L. 
peruviana but needs to be investigated further 
when additional material from the field is avail¬ 
able. 

4. Ludwigia laruotteana (Camb.) Hara, J. Jap. 
Bot. 28: 292. 1953. Jussiaea laruotteana 
Camb. in St.-Hilaire, FI. Bras. Merid. 2:184. 
1829. Micheli in Martius, FI. Bras. 13(2): 
150. 1875 (as larouotteana); Malme, Ark. 
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The bullate, crowded leaves give this species 
a very distinct appearance. It resembles Ludwig- 
ia multinervia in its small, ovate leaves and par¬ 
allel secondary veins; but its bullate leaves, with 

7. Ludwigia elegans (Camb.) Hara, J. Jap. Bot. 
28: 292. 1953; Fabris in Cabrera, FI. Prov. 
Buenos Aires 4: 319. 1965; Cabrera & Zar- 
dini. Manual FI. Prov. Buenos Aires 452. 
1978. Jussiaea elegans Camb. in St.-Hilaire, 
FI. Bras. Merid. 2: 185. pi. 131. 1829. Mi- 
cheli in Martius, FI. Bras. 13(2): 151. 1875; 
Malme, Ark. Bot. 29A(2): 5. 1937; Jonker, 
Meded. Bot. Mus. Herb. Rijks Univ. Utrecht 
38: 150. 1941; in Pulle, FI. Suriname 3(2): 
27. 1942; Munz, Darwiniana 4: 255. 1942; 
in Hoehne, FI. Bras. 41: 32. pi. 20. 1947. 
Jussiaea octoftla DC. var. elegans (Camb.) 
H. Lev., Bull. Soc. Bot. France, Ser. 4, 7: 
424. 1907. J. peruviana L. var. elegans 
(Camb.) H. Lev. in Bertoni, Descr. Fisica 
Econ. Paraguay 13. 1910. Jussiaea elegans 
var. typica Munz, Darwiniana 4:226. 1942. 
type: Brazil. Rio de Janeiro: Uba, banks of 
Rio Parahyba, 1816, Saint-Hilaire A1 526 
[holotype, P (photo F with fragment)], figure 

Jussiaea elegans 
Bull. Herb. Boissier 3:906.1903.' _ . 
Canendiyu; Igatiml, Sierra de Mbaracayu,T901, 
Hassler 4815 [holotype, G (photo POM)]. 

Jussiaea elegans var. intermedia Hassler, Bull. Soc 
Bot. Geneve, Ser. 2, 5: 267. 1913. lectotype: 
Paraguay. Alto Parana: Puerto Bertoni, 120-170 
m, 2 Dec. 1909, Bertoni 3 (G; Munz, Darwiniana 
4: 228. 1942). 

Jussiaea elegans forma australis Malme, Ark. Bot. 
29A(2): 5. 1937. lectotype: Brazil. Rio Grande 
do Sul: Porto Alegre, Menino Deus, 20 Nov. 1901, 
Malme 11. 447 (S; Munz, Darwiniana 4: 227. 
1942). 

Common names. Cruz de malta (Brazil, 
Vianna 694), negreira (Brazil). 

Shrublets or suffrutescent herbs. Stem creeping 
and decumbent or erect, 1-2.5 m high, angled or 
sub terete, herbaceous, sometimes woody at base 
with bark splitting or succulent and fleshy, most¬ 
ly profusely branched, glabrous, usually villous 
on younger parts, rarely bearing Unear pneu- 
matophores from basal nodes. Stipules 0.7-1.5 
mm long, setaceous, turning black with age, de¬ 
ciduous. Petioles 4-35 mm long, villous or gla¬ 
brous. Leaves 1.5-32 cm long, 1-10 cm wide. 

lanceolate or efliptic-lanceolate, broadly ovate, 

borne at base of ovary, deciduous, subtended by 
minute, gland-Uke stipels and enclosing the buds. 
Sepals 4, 1-2.2 cm long, 0.2-0.5 cm wide, ovate 
or lanceolate, often lance-deltoid, acute or acu¬ 
minate at tip, usually thick, sometimes persis¬ 
tent, mostly glandular-serrulate along margin, 
glabrous or villous on outer surface. Petals 1.5- 
2.8 cm long and wide, orbicular or obovate, 
shortly clawed, bright yellow. Stamens yellow, 

but later becoming erect, subequal; filaments di¬ 
lated, 1.5-2.5 mm long, ca. 0.8 mm thick; an¬ 
thers 4.5-5.5 mm long, ca. 2 mm thick, oblong, 
rounded at ends. Ovary 3-10 mm long, 1-5 mm 
thick, 4-angled, often very sharply so, obconic, 
abruptly narrowed below, glabrous or villous. 
Disk 1-2 mm high. Style 2.5-3.2 mm long, ca. 
1.5-2 mm thick; stigma ca. 1.5-2 mm long, 2- 
3 mm thick, depressed-globose. Capsule 0.4-2.2 
cm long, 0.4-1.4 cm thick, 4-angled or subterete, 
obconic, rarely urceolate, villous or glabrous, 
somewhat woody at maturity, but dehiscing 
readily. Seeds 0.7-1 mm long, 0.2-0.3 mm thick, 
elongate, ovoid, rounded at ends, finely striate, 

number, n = 32. Outcrossing; genetically self¬ 
incompatible, possibly also partly self-compati¬ 
ble. 

Distribution (Fig. 17). Common on wet, 
marshy ground, often along the edges of ponds 
and marshes, in South America; from Venezuela 
to Argentina, usually at low elevations but up to 
1,000 m in Peru; scattered in Surinam, Vene¬ 
zuela, Ecuador, Peru, Paraguay, and Uruguay; 
very common in southern Brazil and adjacent 
northeastern Argentina, in Misiones, Corrientes 
and Entre Rios where it grows in swamps (“pa- 
jonales”) of the delta of the Rio de La Plata (Bur- 
kart, 1957:494) and in Buenos Aires. It is known 
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slopes of Kanuku Mountains, Smith 3551 (F, G, GH, 
NY, U, US, W). 

Peru, amazonas: N of Rio Cenepa, above mouth 
of Quebrada Cikan, Berlin 756 (MO), cuzco: Paucar- 
tambo, Rio Hospital, Vargas 15785 (US), madre de 
dios: Manu, Rio Carbon a Salvation, Vargas 16952 
(RSA). 

Venezuela, bolivar: Rio Icabaru, Bernardi s.n. 
(NY); Paloma, Rusty A Squires 263 (NY), delta 
amacuro: from San Victor past Rio Matanaima, up 
to Salto de Quebradero, Steyermark 87235 (NY, UC, 
VEN). tAchira: between Quebrada Grande and El Nula, 
Gentry & Puig-Ross 14331 (MO). 

Costa Rica, punt arenas: 6 km S of San Vito de 
Java, Raven 21981 (DS, MO), Godfrey 66336 (.Raven 
67-LI) (DS). 

Trinidad. Mora Forest, Fosberg, 1962 (Raven 63- 
27) (US). 

Ludwigia foliobracteolata, a rather uniform 
species, is most closely allied to L. elegans, from 
which it can be distinguished by the foliaceous, 
often acrescent bracteoles borne in the middle of 
the ovary. 

9. Ludwigia burchellii (Micheli) Hara, Jap. J. Bot. 
28: 292. 1953. Jussiaea burchellii Micheli, 
Flora 57: 301. 1874; in Martius, FI. Bras. 
13(2): 158. 1875; Munz, Darwiniana 4:224. 
1942, pro parte; in Hoehne, FI. Bras. 41:31. 
pi. 18. 1947. lectotype: Brazil. Sao Paulo: 
Rio das Pedras, near Cubatao, 8 Dec. 1826, 
Burchell 3465 (K; Munz, Darwiniana 4:224. 
1942; isolectotypes, K, P). figure 22. 

Erect or decumbent herbs, 0.5-1.5 m. Stem 
branching above, angled, glabrous. Stipules ca. 
0.3 mm long, ca. 0.1 mm thick, gland-like. Pet¬ 
ioles 3-10 mm long. Leaves 4-10 cm long, 1-2 
cm wide, lanceolate or elliptic-lanceolate, acute 
or short acuminate at either end, membrana¬ 
ceous, with distant regular glands on the under¬ 
surface close to the margin, with 10-18 veins on 
each side of midrib; secondary veins not im¬ 
pressively anastomosing; submarginal vein in¬ 
conspicuous. Bracts not reduced. Pedicels 5-20 
mm long, reaching 30-50 mm in fruit. Bracteoles 
10-20 mm long, ca. 5 mm wide, lanceolate, with 
a short stalk, subtended by reduced, minute, 
gland-like stipels, borne at base of ovary. Sepals 
0.7-1.2 cm long, 0.4-0.5 cm wide, ovate, acu¬ 
minate, glabrous. Petals 1.6-2 cm long and wide, 
broadly obovate, somewhat emarginate, shortly 
clawed, yellow. Stamens unequal; longer fila¬ 
ments 4-4.5 mm long, shorter ones 3-3.5 mm 

long; anthers 3-4 mm long, oblong, rounded at 
ends, curving towards the stigma. Ovary 5 mm 
long, 4 mm thick, 4-angled, glabrous. Disk ca. 2 
mm high. Style ca. 1 mm long, ca. 1 mm thick; 
stigma ca. 2.5 mm thick, globose. Capsule 1-1.5 
cm long, 0.6-0.7 cm thick, obconic. Seeds ca. 0.8 
mm long, 0.05 mm thick, oblong; the raphe nar¬ 
row. Chromosome number unknown. 

Distribution (Fig. 15). 

than a century ago in the vicinity of Sao Paulo, 
Brazil. It might be extinct. 

Specimens examined Brazil. sAo paulo: Santos, 
1854-1855, Undberg 682 (S); no locality, 1814-1831, 
Sellow 5880(B). 

Ludwigia burchellii is related to L. elegans and 
to L. martii, from which it can be distinguished 
by its unique “petiolate” bracteoles. It has not 
been collected since 1854-1855. 

10. Ludwigia brachyphylla (Micheli) Hara, J. 
Jap. Bot. 28: 291. 1953. Jussiaea brachy¬ 
phylla Micheli, Flora 57: 300. 1874. Munz, 
Darwiniana 4: 225. 1942; Micheli in Mar¬ 
tius, FI. Bras. 13(2): 156. 1875; Munz, Dar¬ 
winiana 4: 224. 1942; in Hoehne, FI. Bras. 
41(1): 31. id. 19. 1947. Jussiaea erecta L. f. 
brachyphylla (Micheli) H. Lev., Bull. Soc. 
Bot. France, Ser. 4,7:422.1907. lectotype: 
Brazil. Minas Gerais: Contendas, near Rio 
Sao Francisco, July-Aug. 1818, Martius 
1620 [M (photo F 19541)]. figure 23. 

Suffrutescent herbs or shrublets 0.5-1 m tall. 
Stem well branched, erect, suffrutescent below, 
0.5-0.8 cm thick, angled or subterete, hirsute, 
often nearly glaucous, glabrous with age. Stipules 
0.2-O.3 mm long, ca. 0.3 mm thick, gland-like, 
turning black when dry, deciduous. Leaves 3-8 
cm long, 0.4-2.2 cm wide, oblong or obovate, 
abruptly acute and mucronate at tip, rounded, 
obtuse or cuneate at base, chartaceous, hirsute, 
often nearly glaucous, usually scabrid along mar¬ 
gin, with 6-12 main veins on each side of midrib; 
secondary veins few and anastomosing; marginal 
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Figure 23. Ludwigia brachyphylla.—A. Habit, x0.5.—B. Leaf, *L C. Capsule, * 1- 
fr°m Martius 1620, type (MO). 
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angled or terete, 1 
Bracteoles 0.5-2 

borne halfway up the 
>r at point of articula- 

1.4 cm long, 0.4-0.6 cm wide, ovate or lanceo¬ 
late, acute or acuminate at tip, entire, hirsute 

0fde wbi°n ***inSide’Pet3lS 2~2'4 Cm long 
yellow. Stamens unequal; filame^-^ nim 
long, diverging away from stigma; anthers 4-6.5 
mm long, 1.5-2 mm thick, oblong, rounded at 
ends, yellow. Ovary 8-15 mm long, 1.5-3 mm 

thick, oblong-cylindrical, sometimes somewhat j 
widened above, hirsute or glabrescent. Disk 1- j 
1.5 mm high. Style 3.5-6 mm long, 0.8-1.2 mm | 
thick; stigma 1-1.2 mm long, 2-2.2 mm thick, 
depressed globose. Capsule 0.8-1.7 cm long, 0.3- 
0.5 cm thick, angled, tilted towards main axis of 
inflorescence, hirsute. Seeds 0.6-0.7 mm long, 
0.2-0.25 mm thick, turning dark brown. Ga¬ 
metic chromosome number, n = 32. Outcross- 

Distribution (Fig. 24). Rare and scattered, in 
wet places in Brazil: Piaui; central Minas Gerais 
to northern Sao Paulo. 
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Figure 28. Ludwigia hass, 
All from Hassler 4860 (MO). 

riana. —A. Habit 
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Figure 32. Ludwigia nervosa.-A. Habit, x0.5.-B. Flower, x0.75.-C Capsule, 
All from Ramamoorthy 603 (MO). 
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uous. Petioles 4-10 mm long, glabrous or pu- 

tip, obtuse or acute at base, glabrous, with 15- 
30 veins on each side of midrib anastomosing at 
their apex forming a vein parallel to the sub¬ 
marginal one; secondary veins numerous, anas¬ 
tomosing freely; submarginal vein pronounced. 
Flowers solitary. Pedicels 7-20 mm long, angled 
or terete, minutely puberulent. Bracteoles 6-9 
mm long, linear, subtended by a pair of reduced, 
setaceous stipels, borne near upper part of ped¬ 
icel, deciduous. Sepals 0.8-1.2 cm long, 0.4-0.5 

glabrous, thick. Petals 1.2-1.4 cm wide, orbic- 
ulate, somewhat emaiginate, short-clawed, yel¬ 
low. Stamens subequal; filaments 2-3.5 mm long; 
anthers 3-4 mm long, ca. 1 mm thick, oblong, 
rounded at ends, in contact with and shedding 
pollen directly on the stigma at anthesis. Ovary 
8-10 mm long, 4-5 mm thick, 4-angled, obconic, 
abruptly narrowed to the pedicel, glabrous or 
puberulent. Disk 3-5 mm high. Style ca. 1 mm 
long; stigma 2.5-3 mm thick, subglobose. Cap¬ 
sule 1.5-2.5 cm long, 0.5-0.7 cm thick, sharply 
4-angled, obconic, hard-walled and apparently 
indehiscent, gradually narrowed into the pedicel. 
Seeds 2 mm long 1 mm thick, raphe conspicu¬ 
ous. Chromosome number, unknown. Self-pol¬ 
linating 

Distribution (Fig 33). A rare species restrict¬ 
ed to black-water streams in the states of Minas 
Gerais and Rio de Janeiro, usually growing above 
1,300 m. 

Specimens examined. Brazil, minas ghrais: no lo¬ 
cality, Clausen, 1840 (BM), Langsdorff s.n. (LE), s.n. 
(Herb. Fischer) (LE); Sena do Garimbo, Cocaes, 13 
Jan. 1921, Hoehne s.n. (SP 4929); SSo Sebastiao de 

zwu, 1884 (P); Serra da Carafa, Parque Natural de 
Cara$a, trail to Cascatinha, Zardini 2175 (MO, R); 
Cara?a, Mendonca 462 (B); Serra da Piedra, Warming 
3192 (Q. rk> de Janeiro: no locality, Glaziou 14705 
(B, Q. no locality: Martius 993 (B, P, M, NY), St.- 
Hilaire 7895 (F, NY, POM), Sello 1407 (B) 

Ludwigia anastomosans is a remarkable species 
that can immediately be recognized by its very 
striking anastomosing secondary veins and by 
the two parallel submarginal veins. The inner 
intramarginal vein is formed by the anastomosis 
of the secondary veins, which form the brochi- 
dodromous arch. Ludwigia anastomosans does 
not appear to be closely allied to any other species. 

II. Ludwigia sect. Pterocaulon T. P. Rama- 
moorthy, Ann. Missouri Bot. Gard. 66:894. 
1979 [ 1980]. type: Ludwigia erecta (L.) Hara. 

Erect annuals, very rarely persisting beyond 
he first year. Stem narrowly or sharply 4-angled 
>r 4-winged. Leaves alternate, sessile or short- 

reduced. Flowers numerous, erect in bud, sessile 
or pedicellate, bracteolate, the bracteoles sub¬ 
tended by stipellar glands or not. Sepals 4(-5), 
thin. Petals 4(-5), yellow or white, erect or 
spreading at anthesis, showy or not. Stamens twice 

style or diverging away from it at anthesis; an- 

pollen yellow, shed in tetrads. Ovary 4-angled 
and sometimes 4-winged, obconic; disk plane; 
sunken nectaries surrounding the base of each 
episepalous stamen, usually ringed by long white 
hairs. Style as long as the filaments; stigma glo¬ 
bose. Capsule thin-walled, readily dehiscent, 
4-angled or sometimes 4-winged, obconic. Seeds 
pluriseriate in each locule; raphe narrow. Species 
diploid; self-compatible, modally outcrossing or 
autogamous. Species 5. 

21. Ludwigia longifolia (DC.) Hara, J. Jap. Bot. 
28: 293. 1953; Fabris in Cabrera, FI. Prov. 
Buenos Aires 4: 319. 1965; Cabrera & Zar¬ 
dini, Manual FI. Prov. Buenos Aires 452. 
1978. Jussiaea longifolia DC., Mem. Soc. 
Phys. Geneve, Ser. 2,2:141. 1824; DC., PI. 
Rar. Jard. Geneve 1: 12. pi. 4. 1827. DC., 
Prod. 3:56.1828; Camb. in St.-Hil., FI. Bras. 
Merid. 2:189.1829; Micheli in Martius, FI. 
Bras. 13(2): 157. 1875; Malme, Ark. Bot. 
29A(2): 7. 1937; Munz, Darwiniana 4: 201. 
1942; in Hoehne, FI. Bras. 41: 19. pi. 6. 
1947. Jussiaea octofila DC. forma longifolia 
(DC.) H. Lev., Bull. Soc. Bot. France, Ser. 
4, 7: 425. 1907. Jussiaea peruviana L. var. 
longifolia (DC.) H. Lev. ex Bertoni, Descr. 
Fisica Econ. Paraguay 13. 1910. Jussiaea 
longifolia var. minor Micheli in Martius, FI. 
Bras. 13(2): 157. 1875 nom. superfl., new 
name for J. longifolia DC. type: Original 
drawing of the illustration mentioned (pi. 4) 
(G-DC); the plant was grown at the garden 
from seeds sent from the southern states of 
Brazil, from Minas Gerais and Goias south, 
by St.-Hilaire during 1816-1822. figure 37. 

Erect glabrous herbs 0.5-2.5 m tall, rarely per- 
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Ludwigia longifolia.- A ®:5," 
. All from Harley et al. 15766 (MO). 

Leaf; X0.5.-B. Flower, xl 
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Figure 41. Ludwigia decurrens.-A. Habit, x0.5.-B. Flower, xl.-C. Capsule, x l.-D. Seeds, x20. All 
tfom Ramamoorthy 306 (MO). 

Common name. Clavo de pozo (Venezuela, 
BWing 7786). 

Erect glabrous herbs up to 1 m tall. Roots and 
0Wer stem sometimes inflated and spongy in 

f°nditions- Stem simple or profusely 
y 4-angled and 

4-winged from decurrent leaf bases; wings 0.5- 
2 mm wide, pale green, membranous, often dis¬ 
tantly scabrid along margin. Stipules ca. 0.5 mm 
long, 0.2 mm wide, deltoid. Leaves 2-20 cm long, 
0.2-5 cm wide, mostly lanceolate, often narrowly 
so, sometimes ovate-lanceolate or elliptic, acute 
or acuminate at tip, acute or rounded at base, 
sessile and continuing on the stem as decurrent 
bases membranous, entire, often minutely sea- 



Figure 42. Distribution of Ludwigia decurrens. Foi 
for Old World distribution consult Raven (1963). 

brid along margin, glabrous or occasionally mi¬ 
nutely puberulent on veins beneath, with 10-35 
veins on each side of midrib; secondary veins 

mostly reduced, linear. Pedicels 2-15 mm long, 
0.6-1 mm thick, 4-angled and 4-winged, gla¬ 
brous. Bracteoles 0.5-1 mm long, 0.2-0.5 mm 
wide, without any subtending glands below, usu¬ 
ally borne at base of ovary, deciduous. Sepals 4, 
0.7-1.2 cm long, 0.15-0.4 cm wide, ovate or 
sometimes lanceolate, acute or short acuminate 
at tip, membranous, glabrous, sometimes pu¬ 
berulent on the outside, usually minutely scabrid 
along margin. Petals 1-2 cm long, 1-1.8 cm wide, 
orbicular-obovate, short-clawed, yellow. Sta¬ 
mens equal, occasionally somewhat unequal; fil¬ 
aments 1.3-2.5 mm long, anthers 1.3-1.6 mm 
long, 0.5-0.6 mm thick, oblong, rounded at ends. 

a county distribution in the U.S.A., see Figure 43 and 

shedding pollen directly on the stigma at anthe- 
sis. Ovary 6-10 mm long, 2-4.5 mm thick, 
sharply 4-angled and 4-winged, obconic, gla¬ 
brous or minutely puberulent. Disk plane. Style 
2.5-3.2 mm long, ca. 0.6 mm thick; stigma 1-2 
mm thick, globose. Capsule 1-2.5 cm long, 0.3- 
0.5 cm thick, subclavate, often pyramidal, 4-an- 
gled and 4-winged, straight or rarely sharply 
curved. Seeds 0.5-0.6 mm long, ca. 0.2 mm thick, 
oblong, cylindric, striate; raphe very narrow. Ga¬ 
metic chromosome number, n = 8. Self-polli¬ 
nating. 

Distribution (Figs. 42,43). Common in moist 
or swampy habitats along sloughs, muddy stream 
banks, marshy shores of lakes and ponds, ditches 
and swamps, from southeastern United States 
where it is widely distributed from southern Mis- 















RAMAMOORTHY & TARDmi-LUDWIGIA! r. MYRTOCARPUS 



98 









102 MISSOURI BOTANICAL GARDEN 

xll. All 



RAMAMOORTHY & ZARDINI-LUDWIGIA ! r. MYRTOCARPVS 103 

Ludwigia mexiae, a rather uniform, autoga¬ 
mous species, can be recognized by its numerous 
small flowers and cinereous pubescence. 

Populations in which the leaves are similar to 
those of Ludwigia nervosa are found in the Ma- 
raca§ume river region of the state of Maranhao, 
Brazil (Froes 1805, MO). Their capsules resem¬ 
ble those of typical L. mexiae, however, and they 
are included with this species. Ludwigia mexiae 
might have arisen as a hybrid between L. de- 
currens and some other species, possibly L. ner¬ 
vosa or L. rigida. 

IV. Ludwigia sect. Tectiflora T. P. Ramamoor- 
thy, Ann. Missouri Bot. Gard. 66:894. 1979 
[1980]. type: Ludwigia latifolia (Benth.) 
Hara. 

Erect shrubs or perennial herbs. Stems terete 
or angled. Leaves alternate, petiolate, those sub¬ 
tending the flowers not greatly reduced. Flowers 
many, solitary or in 2’s and 3’s in each axil, erect 
in bud, pedicellate, bracteolate, the bracteoles 
subtended by stipellar glands. Sepals 4, thickish. 
Petals 4, yellow, suberect at anthesis, not showy. 
Stamens 8; filaments appressed to the style; an¬ 
thers in contact with the stigma at anthesis, di¬ 
late, with white hairs; sporogenous tissue in the 
locules divided by sterile tissue into packets; pol¬ 

len yellow, shed in tetrads. Ovary 4-angled, ob- 
conic or globose; disk raised; sunken nectaries 
surrounding the base of each episepalous stamen 
ringed by long white hairs. Style as long as the 
filaments; stigma globose. Capsule thick-walled, 
tardily dehiscent, obtusely 4-angled or terete, not 
evidently ridged, obconic, globose or rounded. 
Seeds pluriseriate in each locule; raphe narrow. 
Species tetraploid; self-pollinating. Spedes 1. 

27. Ludwigia latifolia (Benth.) Hara, J. Jap. Bot. 
28:292.1953; Munz, N. Amer. FI., Ser. 2(5): 
30. 1965; Opera Bot. 3: 32. 1974. Jussiaea 
latifolia Benth., J. Bot 2:317. 1840. Micheli 
in Martius, FI. Bras. 13(2): 154.1875; Pulle, 
Enum. Vase. PI- Surinam 361. 1906; Chees- 
man, FI. Trinidad Tobago 1(7): 416. 1940; 
Macbride, Field Mus. Nat Hist., Bot Ser. 
13:525.1941; Jonkerin Pulle, FI. Suriname 
3(2): 26. 1942; Munz, Darwiniana 4: 206. 
1942; in Hoehne, FI. Bras. 41: 22. pi. 9. 
1947; Ann. Missouri Bot. Gard. 46: 200. 
1959; N. Amer. FI., ser. 2(5): 30. 1965; 
Lemmee, FI. Guyane Francaise 3:222. 1953. 
lectotype: Guyana. Without locality, 1840- 
1844, Schomburgk 27 [K; Munz, Darwi- 
niana 4: 207. 1942; the spedmen “Peru, 
Poeppig 2298” (B) distributed by F as pho- 
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Figure 48. Ludwigia latifolia.-A. Habit, x0.5.-B. Bower, x2.-Bb. Hairy anther xl2 -C Capsule, 
< 1.5.—D. Seeds, x 12.5. All from Williams 7153 (MO). 
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from Froes 23026 (MO). 
l—A. Habit, x0.25.-B. Flower, x3.-C Capsule, x3.-D. Seeds, xl5.AU 
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Brazil, amazonas: Manaus, Ramamoorthy 650 
(MO). 

Ludwigia densijlora is highly distinctive and 
easily recognized by its ascending branches, 
crowded leaves, spicate inflorescence, and unique 
woody ribbed capsules (Eyde, 1978). Although 
the known populations of L. densijlora are widely 
scattered over a large area, they are strikingly 

4: 192. 1942; in Hoehne, FI. Bras. 41; 16. 
pi. 2. 1947; Ann. Missouri Bot. Gard. 46: 
198. 1959; Lemee, FI. Guyane Francaise 3: 
222. 1953; Standley & Williams, Fieldiana, 
Bot. 24: 546. 1963; Raven, Reinwardtia 6: 
332. 1963. type: Surinam. 1754-1755, 
Dahlberg (holotype, LINN 552.5; isotype. 
S). FIGURE 50. 

This species is highly autogamous, with the 
scanty pollen being shed directly onto the large 
stigma at anthesis. The small flowers are usually 
5-merous, but sometimes 4- or 6-merous, a kind 
of variability that is sometimes associated with 
autogamy (Raven, 1979). 

laea inclinata L. t. var. amazonica Mieheli in Mar¬ 
tins, FI. Bras. 13(2): 159.1875. lectotype Brazil. 
Para: Santarem, Jan. 1850, Spruce 1034 (K; Munz. 

doubtless represente this 

>(GOET)! 
2 sheets), 

VI. Ludwigia sect. Heterophylla T. P. Rama¬ 
moorthy, Ann. Missouri Bot. Gard. 66:895. 
1979 [1980]. type: Ludwigia inclinata (L. f.) 
Gomez. 

Perennial floating herbs, rooting along the 
nodes. Stem terete, often spongy. Leaves dimor¬ 
phic, the lower ones sessile, membranous, and 
verticillate, the upper ones often floating or 
emergent, petiolate, thicker, spirally arranged, 
pellucid-punctate. Flowers erect in bud, pedi¬ 
cellate, bracteolate, the bracteoles not subtended 
by stipellar glands. Sepals 4, membranous. Petals 
4, yellow, probably s' ... 
or not. Stamens [ 

from or appressed to style; anthers in contact 
with stigma at anthesis or not; pollen yellow, 
shed in tetrads. Ovary terete or 4-angled, obconic 
or subcylindric; disk plane; sunken nectaries sur¬ 
rounding the base of each episepalous stamen, 
ringed by long white hairs. Style as long as or 
shorter than the staminal filaments; stigma glo¬ 
bose. Capsule thick-walled, readily dehiscent, 
4-angled or terete, obconic. Seeds pluriseriate in 
each locule; raphe narrow. Species diploid; self¬ 
compatible, autogamous or apparently outcross¬ 
ing. Species 1. 

29. Ludwigia inclinata (L.f.) Gomez, AnalesSoc. 
Esp. Hist. Nat., Ser. 2, 3: 66. 1894; Munz, 
N. Amer. FI., ser. 2(5): 32. 1965. Jussiaea 
(Jussieua) inclinata L. f., Suppl. PI. 235. 
1781. Lamarck, Encyl. 3: 330. 1789; DC., 
Prodr. 3: 54. 1828; Mieheli in Martius, FI. 
Bras. 13(2): 159. 1875; Pulle, Enum. Vase. 
PL Surinam 361. 1906; Jonker in Pulle, FI. 
Suriname 3(2): 28.1942; Munz, Darwiniana 

Mieheli in Martius, FL Bras. 13(2): 159. 1875; 
Munz, Darwiniana 4: 194. 1942; in Hoehne. FI. 
Bras. 41:17.1947. Ludwigia potamogeton (Mich- 
eli) Hara, J. Jap. Bot. 28: 293. 1953. lectotype: 
Brazil. Sao Paulo: Sio Paulo, 10 Feb. 1827, Bur- 
chell 4209 [K; Munz, Darwiniana 4: 194. 1942; 
isolectotypes, GH (photo POM), L, S]. 

siaea goyazensis Glaziou, Bull. Soc. Bot. France 56: 
306. 1909. type: Brazil. Goto: 1894-1895, Gla¬ 
ziou 21442 (holotype, P; isotype, B). 

iwigia verticillata Munz, Bull. Torrey Bot. Club 71: 
157.1944. type: Panama. Canal Zone: near Che- 
po, Laguna de Portola, 50 m, Oct. 1911, Pittier 
4605 (holotype, US). Munz. Ann. Missouri Bot. 
Gard. 46: 212. 1959. 

Aquatic herbs, sometimes growing on the beds 
of dried ponds and lakes. Stem submerged or 
emergent, sparingly or profusely branched, root¬ 
ing at the lower nodes, terete, glabrous, some¬ 
what inflated and spongy. Stipules ca. 0.5 mm 
long, deltoid, deciduous. Petioles of basal leaves 
up to 5 mm long. Basal leaves 0.8-3.5 cm long, 
0.2-0.7 cm wide, crowded, verticillate, linear, 
linear-oblanceolate, or sometimes oblong-lan¬ 
ceolate, acute or rounded at tip, acute or obtuse 
at base, entire, thick, glabrous, inconspicuously 
veined. Petioles of upper leaves 10-25 mm long. 
Upper leaves 1-10 cm long, 0.3-0.5 cm wide, 
oblong-obovate or oblanceolate, rounded and 
often emarginate at tip, acute at base, entire, thick, 
glabrous, pellucid-punctate above, with 8-18 
veins on each side of midrib; secondary veins 
few, anastomosing; submarginal vein distinct. 
Flowers solitary. Pedicels 2-7 mm long, terete, 
slender, often reflexed after anthesis, the fruiting 
ones up to 70 mm long. Bracteoles ca. 0.2 mm 
long and wide and gland-like, or occasionally 3- 
4 mm long and setaceous, borne at base of ovary 
or on pedicel, subopposite or unequally placed, 
not subtended by stipels. Sepals 0.8-1.4 cm long. 
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. Habit, x0.5.-Aa. Habit showing verticillate leaves, x0.5.-B. Flo 
A-D from Schomburgk 489 (MO). Aa from Killip 45224 (MO). 
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0.1-0.9 cm wide, ovate, broadly ovate or some¬ 
times nearly ellipsoid, acute at tip, 4-7-nerved. 
Petals 1.2-2.5 cm long, l-1.9(-2.5) cm wide, 
broadly orbicular, yellow. Stamens 8 or 4, the 
epipetalous ones then lacking, subequal if 8, the 
episepalous ones longer, flaring outward; fila¬ 
ments 2.5-5.5(-6) mm long; anthers ca. 2 mm 
long, ca. 1 mm thick, oblong. Ovary 5-12 mm 
long, 1-2 mm thick, obconic or subcylindric, 
gradually narrowed into the pedicel, terete or 
4-angled with the angles winged. Disk plane, 
hairy. Style 4-5(-10) mm long; stigma ca. 0.5 

pressed-globose. Capsule 1.5-3 cm long, 1-5 mm 
thick, tough. Seeds 0.6-0.7 mm long, 0.2-0.25 
mm thick, oblong; raphe very reduced. Gametic 
chromosome number, n = 8. Autogamous or ap¬ 
parently somewhat outcrossing. 

Distribution (Fig. 51). In ponds and water¬ 
logged swamps, often growing on beds of dried 
ponds and lakes or submerged, at low elevations, 
from southern Mexico and Cuba and Jamaica in 
the West Indies, south to Sao Paulo, Brazil, and 
from Rio de Janeiro west to western Ecuador. In 
Central America found in all countries except 
Belize; in South America, frequent in Guyana, 
Surinam, Venezuela, Colombia, Ecuador, and 

, _M_£ Mexico, chiapas: Ixtapa, 
Breedlove 37389 (A DS); Escuintla, Matuda 2157 (GH, 
TEX), 16621 (F>, 22 mi. ESE of Pijijiapan, Case et al. 
202 (MO), guerrero: H Calabazal, Langiasse 459 (GH, 
P, US); Acapulco, Palmer 577 (BM, F, MO, NY, US). 

-3191 (ENCB). oaxaca: Tapanatepec, Breedlove < 
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America (e.g., Pittier 4605, US) include or con¬ 
sist entirely of individuals in which the epipet- 
alous stamens are lacking. They were therefore 
assigned by Munz (1944) to the genus Ludwigia 
sensu stricto, and described as a new species, L. 
verticillata Munz. However, they are not other¬ 
wise different from individuals that have two 
whorls of stamens in the flowers (Raven & Tai, 
1979). Both forms have been collected in a single 
population in the Isthmus of Tehuantepec in 
southern Oaxaca, Mexico (.Breedlove & Raven 
13686, MO), the otherwise indistinguishable in¬ 
dividuals growing intermixed in low, swampy 

The populations in southern Mexico and Cen¬ 
tral America, in which the epipetalous stamens 
are often absent, are likewise smaller flowered 
than the more southern populations. In general, 
they occur more often in habitats that are sea¬ 
sonally dry. They are highly autogamous, where¬ 
as the larger-flowered populations from farther 
south, in which the anthers seem to be held away 
from the stigma at anthesis, are apparently out- 

The basal, often creeping stems of this species 

per ones have broader, alternate leaves, as shown 
by Munz (1947, pi. 2). This peculiarity was men¬ 
tioned by Spruce (1908: 154, as “Jussiaea ama- 
zonica”) when commenting on the similar char¬ 
acteristics that aquatic plants growing under 
similar circumstances all over the world have. 
The basal leaves, however, are often not pulled 
up with the upper stems, and herbarium speci¬ 
mens more often than not include only stems 
with alternate leaves. When the plants are grow¬ 
ing in water, the upper stems with alternate leaves 
elongate rapidly and predominate greatly. In 
contrast, plants growing on the mud of dried 
ponds and lakes may consist mainly of masses 
of creeping stems with narrow, verticillate leaves. 
The flowers occur only in the axils of the upper, 
alternate leaves, but in plants of dry ground, such 
stems may be very short, giving the superficial 
impression of flowers arising directly from ver¬ 
ticillate leaves. Such is the case in the type of 
Ludwigia verticillata Munz and similar speci¬ 
mens, and because of their superficial similarity, 
Munz (1944) assigned “L. verticillata” to the very 
different, opposite-leaved sect. Dantia. 

When the plants are growing in water, the erect, 
alternate-leaved stems of Ludwigia inclinata do 
not float, but are submerged or emergent. Plants 
that are mostly or entirely submerged are lax, 

with relatively large leaves and long pedicels; 
these have been assigned mostly to Jussiaea po- 
tamogeton Micheli (e.g., by Munz, 1942, 1947). 

lo not differ, except quantitatively, from those 

ind tougher, and pedicels shorter. 
Other features in which Ludwigia inclinata is 

Stem. As in some aquatic plants, the stem in 
some populations from Venezuela (Castellanos 
& Medina 68, MO), El Salvador (Rohweder 3130, 
MO), and Cuba (Wright 2561, MO) is inflated 
and spongy, but white, spongy pneumatophores 

: species of the genus. 

type and form of leaves as discussed. Plants with 
almost rounded leaves have been seen from Ve¬ 
nezuela (i.e., Davidse & Agostini 3844, MO). 
Populations growing in relatively dry habitats 
tend to have crowded upper leaves, as in some 

Sepals. The sepals are usually elliptic to 
rounded. Individuals that are somewhat distinc¬ 
tive in this respect with ovate-acute sepals have 
been seen from Venezuela (i.e., Steyermark et al. 
119458, MO). 

VII. Ludwigia sect. Humboldtia T. P. Rama- 
moorthy, Ann. Missouri Bot. Gard. 66:895. 
1979 [1980]. type: Ludwigia sedoides (H. & 
B.) Hara. 

Perennial floating herbs, rooting at the nodes. 
Stem terete. Leaves alternate, short or long-pet- 
iolate, those subtending the flowers not reduced. 
Flowers few, erect in bud, pedicellate, bracteo- 
late, the bracteoles not subtended by stipeflar 
glands. Sepals 4, membranous. Petals 4, yellow, 
spreading at anthesis, showy. Stamens 8; fila¬ 
ments arching away from the base of the style; 
anthers surrounding the stigma at anthesis and 
shedding pollen on it; pollen yellow, shed in tet¬ 
rads. Ovary 4-angled, obconic; disk plane; sunk¬ 
en nectaries surrounding the base of each epi- 
sepalous stamen, ringed by long white hairs. Style 
as long as the filaments; stigma globose. Capsule 
thin-walled, readily dehiscent, 4-angled, obcon¬ 
ic. Seeds pluriseriate in each locule; raphe nar¬ 
row. Species diploid; autogamous, some popu¬ 
lations probably outcrossing. Species 1. 
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