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e Background and Aims Differences in the mating systems and the mechanisms of reproductive isolation between
Chamaecrista desvauxii var. graminea and C. desvauxii var. latistipula were examined in the Chapada
Diamantina, Brazil. These taxa occur sympatrically, and their populations demonstrate marked morphological differ-
ences. The objective of the present work was to determine if reproductive isolation mechanisms exist between these
two populations of C. desvauxii, and to determine the influence of these putative mechanisms on their genetic
differentiation.

e Methods Field observations were made of floral biology, phenology and floral visitation, and experiments on intra-
and interpopulation pollination and germination rates of the resultant seeds were performed. A genetic examination
of the populations was undertaken using four allozyme loci.

e Key Results The varieties examined demonstrated overlapping of flowering periods during the months of June to
September. The main pollinator for both varieties was the bee Bombus brevivillus. Both varieties are self-compatible,
and a large number of fruits are formed in cross-pollinations with high seed germination rates. Inter-taxa pollinations
result in high levels of fruit production, but no seeds are formed. Two of the four loci examined were diagnostic for the
varieties, and exclusive high-frequency alleles were encountered at the other loci, leading to a high genetic distance
between the two populations (0-495).

e Conclusions Pre-zygotic barriers were not found between the two varieties, and these remain isolated due to post-
zygotic events. The two varieties demonstrate marked differences in their morphology, floral biology, phenology and
genetic make-up, all of which indicate that they should be treated as two distinct species. A complete revision invol-
ving the other varieties of the C. desvauxii complex will be necessary in order to define these two taxa formally.

Key words: Allozyme, campo rupestre, Chamaecrista desvauxii, Chapada Diamantina, floral biology, Leguminosae,

mating systems, pollination, post-zygotic barriers, reproductive isolation, sympatric species.

INTRODUCTION

Cross-breeding, resulting in genetic exchange and the for-
mation of hybrids, is possible between sympatric species.
Potential cross-breeding can be reduced, however, by pre-
zygotic or post-zygotic mechanisms acting as reproductive
barriers between taxa (Dobzhansky, 1937; Grant, 1981;
Stace, 1989). The evolution of these isolation mechanisms
has been widely discussed by evolutionary biologists (e.g.
Schluter, 2001; Turelli er al., 2001; Servedio and Noor,
2003) who have sought to understand the processes
leading to speciation. However, most of these studies
have been carried out with animals (e.g. Dobzhansky,
1937; Coyne et al., 2002; Mendelson, 2003). It is widely
agreed that an increase in reproductive isolation is generally
associated with an increase in morphological and ecological
differentiation (Moyle et al., 2004). According to Orr
(2001), phenotypic evolution might often give rise to repro-
ductive isolation, whereas reproductive isolation might
often preserve phenotypic differences when taxa come
into contact with each other. Although classical studies
with plants have demonstrated a general association
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between reproductive isolation and the differentiation of
some quantitative genetic features, the direct association
between genetic distance and reproductive isolation has
been examined in only a few species (e.g. Moyle et al.,
2004).

The genus Chamaecrista (Leguminosae—Caesalpini-
oideae) comprises six sections with approx. 265 species,
and is represented in the Americas by approx. 239 species
(Irwin and Barneby, 1982). Irwin (1964) recognized 16
species in the section Xerocalyx (then in the genus
Cassia) which were distinguished by their morphological,
anatomical, biochemical and chromosomal characteristics.
Since then, the section Xerocalyx has been subjected to a
profound taxonomic reorganization, with only three
species with 22 varieties, 17 of them in C. desvauxii,
having been recognized (Irwin and Barneby, 1982), and
more recently rearranged in ten species and 27 varieties
by Fernandes and Nunes (2005).

This taxonomic instability is principally the result of
disagreement over how to treat the complex patterns
of morphological variation encountered within this group
— either opting to recognize large polytypic species, or
placing stricter limits on the species breadth. This
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problem has been largely approached on the basis of the
analysis of herbarium specimens, a technique that does
not permit the formulation of hypotheses concerning the
biology and reproductive limits between the morphs
observed in nature.

Chamaecrista desvauxii (Collad.) Killip is a Neotropical
species with a distribution range from Mexico to northern
Argentina. The varieties C. desvauxii var. graminea
H. S. Irwin and Barneby, and C. desvauxii var. latistipula
(Benth.) G. P. Lewis occur sympatrically in campo rupestre
formations in the municipality of Mucuggé, in the Chapada
Diamantina mountain range, Bahia state, Brazil.
Chamaecrista desvauxii var. graminea and C. desvauxii
var. latistipula are distinguished from each other principally
by their vegetative characteristics, having small stipules and
lanceolate leaflets or large stipules and oblong leaflets,
respectively (Fig. 1). The flowers of these two varieties
show differences in size and colour pattern, although the
latter characteristic is not preserved in herbarium material.
In addition to morphological differences, there are also eco-
logical differences between them that raise the hypothesis
of whether these two varieties can hybridize, or whether
they are in fact reproductively isolated and without
genetic exchange, representing two distinct species.

The objective of the present study was to ascertain the
existence of reproductive isolation mechanisms between
sympatric populations of two varieties of C. desvauxii
(var. graminea and var. latistipula), and to examine the
influence of these putative isolation mechanisms on
genetic differentiation between the two populations
through studies of reproductive biology and allozyme
comparisons.

MATERIALS AND METHODS
Study site

The study was undertaken in the Mucugé Municipal Park,
in the municipality of Mucugé, Bahia state, Brazil, in
an area of approx. 140 000 m*. The park is located in the
Chapada Diamantina mountain range, between the
coordinates 12°59'02° to 13°00'18 S and 41°20'41 to
41°20'33 W, at altitudes near 1000 m above sea level.
The predominant vegetation in the area is campo rupestre,
which is composed principally of herbaceous and sub-shrub
plants growing on sandy soils and herbaceous and shrub
vegetation growing on rock outcrops (Giulietti and Pirani,
1988). The climate is mesothermic, type Cwb in the classi-
fication system of Koppen (1948), with an average annual
temperature of 19-8 °C. Annual average rainfall varies
between 830 and 1192 mm. Voucher specimens of the
plants examined were stored in the herbarium of the
Universidade Estadual de Feira de Santana (HUEFS):
C. B. N. Costa 109 (C. desvauxii var. latistipula) and
C. B. N. Costa 112 (C. desvauxii var. graminea).

Floral biology

Flowering phenology was followed on a monthly basis
from July 2003 to December 2005, noting the presence or
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absence of flowers on marked individuals of C. desvauxii
var. graminea (n = 100; randomly chosen) and C.
desvauxii var. latistipula (n = 24). This difference in the
sampling sizes is due to the rarity of individuals of
C. desvauxii var. latistipula in the study area (all individuals
were marked). Each taxon was considered as one popu-
lation. Floral morphology was observed, the number of
flowers per inflorescence, the duration of the flowers and
their colour, as well as the time of anthesis. The stigmatic
receptivity of approximately 20 flowers from each taxon
was also examined in the field during different hours of
the day using the hydrogen peroxide technique (Dafni,
1992). Pollen availability was confirmed by visual inspec-
tion of the anthers and by using a small tuning fork to
liberate the pollen grains. Pollen viability was examined
in five anthers of different flowers for each species using
the nitroblue tetrazolium enzymatic test to measure
dehydrogenase activity (Dafni, 1992). The presence of
ultraviolet-absorbing pigments was investigated by
exposing flowers to ammonium hydroxide vapours. Pollen
morphology was examined using the acetolase process
according to Erdtman (1960). The diameter of 25 randomly
chosen pollen grains from each taxon was measured under a
light microscope, calculating their average value and
standard error. Pollen grains were further examined to
determine the number of openings and their surface
ornamentation.

Floral visitors were initially observed between 0530 h
and 1800 h, although this period was later adjusted to
0530 h to 1300 h for C. desvauxii var. latistipula to cover
only the time when the flowers were open. A total of 41 h
of direct observations were realized with C. desvauxii var.
graminea and 32h with C. desvauxii var. latistipula,
noting the types of visitors, their behaviour, their contact
with the stigma, the frequency of visitation and the type
of floral resource collected. Specimens of visiting species
were collected, identified by specialists, and subsequently
stored in the entomology collection of the Zoology
Museum at the Universidade Estadual de Feira de Santana.

Self- and cross-compatibility experiments

The trichomes at the apex of the style form a stigmatic
chamber in the genus Chamaecrista, making experimental
pollination somewhat difficult. As such, a number of differ-
ent techniques were tried in order to identify the best
method of manual pollination: (a) simple transfer of
pollen to the apex of the style; (b) pollination after remov-
ing the trichomes (in order to gain access to the stigma
chamber); (c) pollination after vibrating the style with a
tuning fork (in order to test for any possible physical
effect of the vibrations on the fertilization process); and
(d) pollination using a needle after manipulating the tri-
chomes with a stiff-bristled paint brush (simulating the
mechanical contact of the hairs of insect pollinators with
the stigmatic trichomes). Ten flowers were used in each
test, using pollen obtained by means of a turning fork to
simulate the vibrations produced by bees. Technique (d)
was found to be most effective, and was used in all sub-
sequent pollination experiments.
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Fic. 1. (A, C, E) Chamaecrista desvauxii var. graminea: (A) habit; (C) flowers; (E) leaf. (B, D, F) Chamaecrista desvauxii var. latistipula: (B) habit; (D)
flower; (F) leaf. Scale bars: A =83 mm; B= 115mm; C, E=5mm; D =3 mm; F =4 mm.

Experiments of manual self-pollination, manual
bi-directional intra- and inter-taxon cross-pollination, spon-
taneous self-pollination, as well as open pollination were per-
formed for comparison with natural fruit formation.
Intra-taxon cross-pollination was performed using pollen col-
lected from plants that were separated by >100 m.

Experimental flowers were covered while in the bud stage,
subjected to the appropriate experimental pollination regime,
and then covered again. An attempt was made to carry out
a similar number of experimental pollinations among the indi-
viduals, and to cross as high a number of pairs of individuals
as possible. However, this aim was not strictly achieved and
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the number of flowers used per treatment per individual was
not uniform because of differences in the availability of
flowers in different individuals, pollinations being carried
out somewhat haphazardly. Even so, the pollinated flowers
were considered independent events, in spite of the possibility
of pseudo-replication, and it is felt that such an assumption
does not qualitatively change the results.

Two to four pollinated flowers were collected 6, 10, 24
and 48 h after pollination and fixed in a 50 % solution of
FAA in order to observe the growth of pollen tubes and/
or the penetration of the ovules. Pistils were bleached
with 5 % NaClO for 15-30 min, stained with 0-25 %
aniline blue and observed under an epifluorescence micro-
scope (modified from Martin, 1959).

Seeds from all experimentally produced fruits were
weighed and tested for germination. Dormancy was
broken by mechanical scarification of the seeds, which
were then disinfected with 2-5 % NaClO for 5 min and
washed with distilled water (modified from Gomes et al.,
2001). Fifteen seeds for each experiment were placed in
germination beds lined with filter paper moistened with
distilled water and kept in a germination chamber under
constant light at 27 °C. Germination was examined daily
for 30 d in order to measure the Germination Speed Index
(GSI) of Maguire (1962) and the percentage of germination.
Analysis of variance (ANOVA) was performed and the
Tukey test employed to compare sample averages utilizing
the BIOSTAT 3.0 software program (Ayres et al., 2003).

Allozyme variation

Allozyme variation was examined in order to verify the
putative occurrence of exclusive alleles and/or exclusive
loci for the varieties of C. desvauxii. Small sections of
leaf tissue were crushed in 0-5 mL of grinding buffer
(Lambert et al., 2006). Buffer systems #1 and #4 from
Lambert er al. (2006) were used for electrodes and gels,
and standard horizontal electrophoresis was performed
according to these same authors. Three enzymatic systems
were used: system 1 for malate dehydrogenase (Mdh; EC
1-1-1-37); and system 4 for acid phosphatase (Acp; EC
3.1-3-2) and phosphoglucose isomerase (Pgi; EC. 5-3-1-9).
Staining procedures were similar to, but slightly modified
from, Brune et al. (1998; Acp), Corrias et al. (1991; Pgi)
and Soltis et al. (1983; Mdh). The exact recipes can be
obtained from the authors on request. Enzymatic systems
demonstrating more than one locus were numbered in
ascending order, starting from the locus with the lowest
mobility. Alleles were numbered according to their mobility
relative to a standard allele, with the highest mobility
present in all gels and designated as 100. The allelic fre-
quencies were determined by manually counting the
banding patterns of the homozygotes and heterozygotes
stained in the gels. Genetic variability for every population
was estimated by the following parameters: proportion of
polymorphic loci (P; 0-95 criterion), mean number of
alleles per locus (A), and observed (H,) and expected
(H.,) mean heterozygosity per locus. Partitioning of
genetic diversity between the populations was estimated
by Fst (Wright, 1978), and the Nei’s (1978; unbiased
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estimate) genetic distance between the two taxa was calcu-
lated. Data analysis was performed using the BIOSYS 1-0
software package (Swofford and Selander, 1989).

RESULTS
Flower morphology and phenology

The inflorescence of C. desvauxii var. graminea has 1-2
yellow flowers, while that of C. desvauxii var. latistipula
is unifloral, with yellow flower axillaries along the
branch, and up to three flowers per branch (Fig. 1). The
flowers of both taxa offer only pollen as a floral resource,
the anthers opening by means of apical slits. The flowers
do not have a perceptible odour and demonstrate enantios-
tyly, with two morphs being found on the same individual.
The stigma is surrounded by a ring of trichomes, forming a
stigmatic chamber at the apex of the style (Fig. 2).

The flowers of C. desvauxii var. graminea are approx.
25mm in diameter, with the petals being approx.
10 x 16 mm. The median petal is larger (22 x 13 mm)
and is tinted red at the base. The anthers are yellow, three
of them being approx. 8 mm long and seven being
4-5mm long. All anthers have their openings facing
towards the median petal. The pistil is green with a hairy
ovary that contains 11-13 ovules.

The flowers of C. desvauxii var. latistipula are approx.
20 mm in diameter, with petals entirely yellow and approx.
8 X 12mm. The median petal is larger and curved,
however, being approx. 14 x 12 mm. The anthers are of
uniform size (approx. 4—5 mm long), yellow-vinaceous, and
directed towards the median petal. The pistil is also green;
the ovary is densely hairy and it contains 12—13 ovules.

The flowers of C. desvauxii var. graminea last only a single
day. Flowers begin to open at approx. 0330 h and are fully
open by 0600 h when the stigma is receptive and pollen is
available. Floral visits do not begin before 0530 h. Pollen
availability is delayed on cloudy days, and the anther clefts
remain closed. Although the anthers are of different sizes,
there appears to be no significant difference between them
in terms of pollen viability (larger anthers, 84-5 + 3-1 %;
smaller anthers, 852 + 2.7 %; ANOVA: F =0-1373
P > 0-05, d.f. = 1). Flowers close at approx. 1800 h, the
stigma remaining receptive until that time. Anthesis in
C. desvauxii var. latistipula occurs at about 0530 h and the
flowers remain open until approx. 1200 of the same day.
The stigma is receptive and pollen is available from the
moment of anthesis until floral closing. The pollen of this
taxon has a high viability (94-2 + 2-34 %).

Pollen grains are essentially identical among these two
varieties, both being tricolporate monads, with smooth
external ornamentation. There is a slight variation in the
average size of the pollen grains between the two taxa,
but a small degree of overlap occurs. The pollen grains of
C. desvauxii graminea are 47-5 +2-7 pm in polar diameter
and 34-8 + 269 wm in equatorial diameter, while the
grains of C. desvauxii latistipula are 44-4 + 3-0 pm and
29-4 + 3-17 pm, respectively.

Chamaecrista desvauxii var. graminea demonstrates
annual flowering, with a flowering peak in the dry season
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Fi1G. 2. Side (A, C) and frontal (B, D) view of the stigma of Chamaecrista desvauxii var. graminea (A, B) and C. desvauxii var. latistipula (C, D). Scale
bars = 0-3 mm.

(June to September) (Fig. 3). Chamaecrista desvauxii var.
latistipula flowers almost all year round, although with a
peak of flowering during the months of July to September.

Floral visitors

The principal floral visitor of both taxa examined was
Bombus brevivillus Franklin, 1913 (Apidae) in light of its
high frequency of visitation and its pollen-collecting beha-
viour (Table 1; Fig. 4A, B). In collecting the pollen, the
bee lands in the centre of the flower, secures the anthers
at their base and then initiates the process of buzz

pollination. These bees were observed moving around
within the flower in both plant species and vibrating from
many different positions. These movements resulted in
the pollen being deposited on all parts of their bodies,
including the dorsal portion of their thorax, as the differen-
tiated median petal directed the pollen flow. As a result of
the bee’s movements within the flower, different parts of
its body come in contact with the stigma, resulting in pol-
lination. Part of the pollen load deposited on the dorsal
region of the thorax by the median petal is collected by
these bees during the process of cleaning their bodies
with their front legs.
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F16. 3. Flowering phenology of Chamaecrista desvauxii var. graminea and C. desvauxii var.

Other species of bees were also considered effective pol-
linators, such as Centris fuscata Lepeletier, 1841 and
Euglossa sp. (Table 1), although these species visited the
flowers more rapidly and left the flowers without demon-
strating any variation in their behaviour. Contact with the
stigmatic chamber was made by the lateral and dorsal por-
tions of the bodies of these bees. Species of bees of the
family Halictidae were also recorded visiting flowers of
both taxa, although these smaller bees were not effective
pollinators as they buzzed only one anther at a time, and
then passed to another anther without entering into
contact with the stigma (Fig. 4C).

Self- and cross-compatibility experiments

High fruit set was observed in both plant taxa following
experimental self-pollination. The percentage values of
fruiting were similar to those observed in intra-taxon

TaBLE 1. Flower visitors and frequency of visits in

Chamaecrista desvauxii var. graminea and Chamaecrista

desvauxii var. latistipula in  Mucugé, Bahia state,
north-eastern Brazil

Number of visits

C. desvauxii var. C. desvauxii var.

Flower visitors graminea latistipula
Bombus brevivillus 138 (79-8 %) 124 (79-0 %)
Centris fuscata 5 (29 %) 5 (32 %)
Euglossa sp. 7 (4-0 %) 3 (19 %)
Pseudaugochlora spl 1 (0-6%) -
Pseudaugochlora sp2 9 (52 %) 12 (7-6 %)
Trigona spinipes 6 (35 %) 4 (25 %)
Thygater sp. 7 (40 %) 9 (57 %)

Nov/04
Dec/04
Jan/05
Feb/05
Mar/05
Nov/05
Dec/05

latistipula in Mucugé, Bahia state, north-eastern Brazil.

cross-pollinations, indicating self-compatibility in these
plants (Table 2). No significant difference among individ-
uals occurred in any treatment of both taxa. No fruit
formation by spontaneous self-pollination was observed in
either taxon. A small difference in the rate of growth of
pollen tubes was observed in C. desvauxii var. latistipula,
with tubes reaching the ovules at the base of the ovary
6 h after cross-pollination, while in cases of self-pollination
the pollen tubes reached only the more distal ovules within
the same time frame (Fig. 5). With C. desvauxii var. grami-
nea, penetration of the pollen tubes to the ovules required
10h, but no differences in velocity were observed
between cross- and self-pollination experiments. No
difference in pollen tube morphology or speed of growth
was observed between self- and cross-pollinations in
either taxon.

Inter-taxa crosses resulted in a high level of fruit
formation, superior even to those observed in intra-taxon
cross-pollinations in C. desvauxii var. graminea (Table 2).
The penetration of the pollen tubes to the ovules occurred
24 h after pollination in both taxa (Fig. 5). However, no
viable seeds were formed by inter-taxa crosses, and only
apparently unfertilized ovules and small aborted seeds
without embryos were observed. No difference in pollen
tube morphology or speed of growth was observed
between intra- and inter-taxon cross-pollinations in
either taxon.

The number of seeds formed per fruit varied according to
the experimental crosses (Table 2), with the largest number
of seeds resulting from cross pollination in C. desvauxii var.
graminea (F = 5-5194, d.f. =1, P < 0-05). There was no
significant difference in the number of seeds resulting
from either self-pollination or cross-pollination in
C. desvauxii var. latistipula. Aborted seeds were found at
the base, in the centre and in the apex of the fruits,
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F1G. 4. Bees visiting flowers of Chamaecrista desvauxii. (A, B) Bombus brevivillus collecting pollen in C. desvauxii var. graminea. (C—F) Chamaecrista
desvauxii var. latistipula: (C) Halictidae on anther without contacting the stigma (arrow); (D) B. brevivillus collecting pollen; (E) B. brevivillus upside-
down during a turning movement in the flower; (F) Thygater collecting pollen. Scale bars: A, B = 5-5 mm, C—F = 4.0 mm.

indicating that there was no correlation between abortion
and ovule position. No significant differences in seed
weight were observed in the self-pollination and cross-
pollination experiments, with an average of 54
(s.e. = 0-31) mg for seeds resulting from self-pollinations
and 4.9 (s.e.=032) mg for seeds resulting from
cross-pollination in C. desvauxii var. latistipula, and 3-0
(s.e.=03) mg and 34 (s.e.=03) mg per seed in
C. desvauxii var. graminea, respectively. Differences in
seed weight between taxa were significant, however
(F=13-182, d.f. =3, P <0-01). All seeds demonstrated

high levels of germination, and the germination velocity
indices were similar for all treatments within the same
taxon, but demonstrated differences between the taxa
(Table 2).

Allozyme eletrophoresis

Four polymorphic loci were identified in the three
systems tested, with each locus demonstrating two alleles
(Table 3). Fixed exclusive alleles were observed for Pgi
and Acp in each of the two plant varieties examined.



632

Costa et al. — Reproductive Isolation in the Chamaecrista desvauxii Complex

TaBLE 2. Fruiting individuals, fruit and seed set, and seed germination in experimental pollinations in Chamaecrista
desvauxii var. graminea and C. desvauxii var. latistipula

% of individuals fruiting (individuals fruiting/ % fruit set Seeds/fruit mean % germination IVG
Treatment individuals used) (fruit/fower) (min.—max.)
C. desvauxii graminea
Open 86-7 (13/15) 44.4 (20/45) 1-5 (0-10) 71 -
Spontaneous 0(0/5) 0(0/26) - - -
Self-pollination 100 (8/8) 67 (21/31) 0-8 (0-6) 92:3 6-03
Cross-pollination 100 (11/11) 69 (25/36) 227 (0-7) 82 6-15
x C. d. latistipula 100 (12/12) 833 (35/42) 0 - -
C. desvauxii latistipula
Open 100 (10/10) 63-3 (19/30) 6-4 (0-13) 100 -
Spontaneous 0(0/10) 0(0/27) - -
Self-pollination 100 (7/7) 59 (19/32) 6 (0—11) 92 21-0
Cross-pollination 100 (9/9) 70 (21/30) 7-6 (0-13) 100 22-8
x C. d. graminea 100 (8/8) 524 (22/42) 0 - -

IVG = index of velocity of seed germination.

Mdh-1 was monomorphic within the population of
C. desvauxii var. latistipula, while nine of ten individuals
of C. desvauxii var. graminea were heterozygotic.
Chamaecrista desvauxii var. latistipula demonstrated 15
of 16 individuals as heterozygotic for Mdh-2, and a
second allele was exclusive to this variety. The average het-
erozygostity observed in C. desvauxii var. latistipula was
0-143, and that in C. desvauxii var. graminea was 0-129.
Both of these values were higher than that expected in a
Hardy—Weinberg equilibrium. The genetic distance
between the populations was high (0-495), and a high Fgt
value was recorded for these species (0-720), indicating sig-
nificant genetic structuring between the populations.

DISCUSSION
Reproductive biology

The presence of a differentiated median petal, the formation
of a stigmatic chamber and anthers with small cleft
openings are common characteristics of the genus
Chamaecrista (Gottsberger and Silberbauer-Gottsberger,
1988; Owens and Lewis, 1989). The anthers are function-
ally poricidal, which restricts pollination to those groups
of bees that collect pollen by buzzing the anthers
(Buchmann, 1983).

Ricochet pollination (Westerkamp, 2004) was observed
by Gottsberger and Silberbauer-Gottsberger (1988) in
C. hispidula. In this process, the median petal directs
pollen to the dorsal portion of the thorax of the bee, a
location that favours contact with the stigma and hence pol-
lination. Dependence on this process is minimized by the
bees’ behaviour in the flower varieties studied here,
because the movements of these insects ensure that numer-
ous parts of their bodies come into contact with the stigma.

Flowering strategies differ between the two taxa exam-
ined, as C. desvauxii var. graminea demonstrates annual
flowering of medium duration, while C. desvauxii var. latis-
tipula demonstrates continuous flowering, with the pro-
duction of flowers almost all year round (see Newstron,

1994). In spite of these different flowering strategies,
however, there is a significant overlapping of flowering
periods between the two taxa that could conceivably
permit genetic exchange.

Chamaecrista desvauxii var. graminea and C. desvauxii
var. latistipula are self-compatible, a characteristic observed
in other species of this genus (Gottsberger and
Silberbauer-Gottsberger, 1988; Fenster, 1995; Liu and
Koptur, 2003). Self-compatibility seems to be common in
Chamaecrista, while in other groups of Caesapinioideae
gametophytic  self-incompatibility (Bawa, 1974) and
late-acting self-incompatibility (Lewis and Gibbs, 1999;
Carvalho and Oliveira, 2003) are more common. The differ-
ences observed in pollen tube growth velocity in
C. desvauxii var. latistipula would tend to favour cross-
pollination, especially in view of the high germination
rate of seeds produced by self-pollination. However, this
mechanism does not seem to function in C. desvauxii var.
graminea.

In spite of the apparent success of the pollen tubes in
penetrating the ovules, both varieties show a high level of
aborted seeds in both self-pollination and cross-pollination
experiments. In the majority of plants, only a fraction of the
ovules in any fruit actually become seeds (Lee, 1988) and,
although self-pollination frequently results in fewer mature
seeds per fruit than does cross-pollination, it can rarely
be determined with any certainty if this reduction is due
to a lack of fertilization or to post-zygotic abortion.
Post-zygotic mechanisms, such as the presence of lethal
recessive alleles, could also result in the diminished
production of viable seeds as a result of high levels of
spontaneous abortions in cases of self-pollination or of
pollination between closely related individuals. This latter
hypothesis is a plausible explanation for the results
observed with C. desvauxii var. graminea.

Isolation mechanisms

Pre-zygotic gametophytic isolation mechanisms are com-
monly found in angiosperms (Stace, 1989), including the
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Fi1G. 5. Pollen tubes penetrating ovules in Chamaecrista desvauxii. (A—D) Intra-taxon pollinations: (A, B) 6 h after cross- (A) and self-pollination (B) in

C. desvauxii var. latistipula; (C, D) 10 h after cross- (C) and self-pollination (D) in C. desvauxii var. graminea. (E, F) Inter-taxa crossings between

C. desvauxii var. graminea and C. desvauxii var. latistipula: (E) C. desvauxii var. latistipula as pollen receptor, 48 h; (F) C. desvauxii var. graminea
as pollen receptor, 24 h. Scale bars: A, B, D—-F = 0-15 mm; C = 0-2 mm.

Leguminosae (Teixeira and Ranga, 2004); however, they
were not found in the two taxa examined in the present
work. These varieties demonstrated superposition of flower-
ing periods, sharing of pollinators, similarities between
floral events such as stigma receptivity and pollen release,
similar floral morphology, and penetration of the ovules
in interspecific crosses. The similarity in the morphology
and growth speed of pollen tubes in intra- and inter-taxon
crossings strengthens the evidences for the absence of pre-
zygotic barriers. As such, seed incompatibility with death

of the embryo or the endosperm is most probably the prin-
cipal post-zygotic isolation mechanism in the two varieties
studied. Similar mechanisms were seen in species of Lens
(Leguminosae) (Ladizinsky, 1997).

The presence of exclusive alleles in each of the varieties,
principally those fixed at the Pgi and Acph loci, is a strong
indicator of the absence of gene flow between the two taxa,
and this is supported by the results of the reproductive
experiments (interspecific incompatibility). The genetic dis-
tance observed between the two varieties is consistent with
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TaBLE 3. Allele frequencies in four allozymic loci in one
population of Chamaecrista desvauxii var. latistipula and one
population of C. desvauxii var. graminea occurring at the
municipality of Mucugé, Chapada Diamantina, north-eastern

Brazil
Locus/allele  C. desvauxii var. latistipula  C. desvauxii var. graminea
Pgi
62 - 1-000
100 1000 -
n 17 14
Acp
80 - 1-000
100 1-000 -
n 16 14
Mdh-1
76 - 0-550
100 1-000 0-450
n 6 10
Mdh-1
91 0-500 -
100 0-500 1-000
n 16 14

that observed in other plant species (Thorpe, 1982;
Crawford, 1989; van der Bank et al., 2001). Additionally,
the observed genetic structuring is very high, reinforcing
the idea of genetic isolation between the two taxa and char-
acterizing them as two distinct species.

Taxonomic implications

Cassia latistipula was described by Bentham (1870),
accepted by Irwin (1964) and later synonymized in
Chamaecrista desvauxii (Collad.) Killip var. glauca
(Hassler) H. S. Irwin and Barneby (Irwin and Barneby,
1982). A new combination was proposed by Lewis
(1987), restoring the epithet latistipula for the variety. As
such, the taxon came to be considered as C. desvauxii
var. latistipula. Chamaecrista desvauxii var. graminea
was described by Irwin and Barneby (1982).

Based on morphological, anatomical and chromosomal
data, as well as chromatographic studies, Irwin (1964)
raised Xerocalyx to the level of section, having been pre-
viously considered a sub-section of the section
Chamaecrista of the genus Cassia. At a later date, Irwin
and Barneby (1982) decided that the section Xerocalyx
would be better viewed as a macro-species in which
complex evolutionary processes were still occurring, but
which were not advanced sufficiently to delimit true
species. This vision resulted in a profound taxonomic shuf-
fling, with the condensation of 16 species into only three
species and 22 varieties. Fernandes and Nunes (2004) con-
sidered the delimitations proposed by Irwin and Barneby
(1982) as excessively limited in their use of morphological
characteristics, resulting in an elevated level of subjectivity
in the taxonomic treatment of that section. However, these
same authors proposed, in a relatively arbitrary manner, the

Costa et al. — Reproductive Isolation in the Chamaecrista desvauxii Complex

reordering of the section Xerocalyx based exclusively on
morphological characteristics, recognizing ten species and
27 varieties (Fernandes and Nunes, 2004). In this classifi-
cation system, C. desvauxii var. latistipula was recognized
as a species, while C. desvauxii var. graminea was con-
sidered a variety of C. linearis.

The varieties ‘latistipula’ and ‘graminea’ of C. desvauxii
demonstrate marked differences in habit and leaf mor-
phology. They are also reproductively isolated and show
unique ecological characteristics in terms of their floral
longevity, flowering period and microhabitat, which all
reinforce the hypothesis of reproductive isolation. As
such, based on all of the ecological, geographical, morpho-
logical, reproductive and genetic data available for
C. desvauxii var. graminea and C. desvauxii var. latistipula,
it is reasonable to affirm that they represent distinct species.
This conclusion partially supports the taxonomic proposal
of Fernandes and Nunes (2004), who considered some of
the taxa that Irwin and Barneby (1982) classified as var-
ieties as being true species. On the other hand, Fernandes
and Nunes (2004) maintained many distinct morphs as var-
ieties of the species they recognized. As such, the results of
the present work indicate the necessity for a much wider
examination of the section Xerocalyx, using ecological
and genetic data and focusing on the reproductive isolation
among the taxa, in order to establish a more stable and
natural taxonomic ordering for this group.
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