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Abstract: Distyly is a genetically-controlled polymorphism with two floral morphs exhibiting spatial, reciprocal separation bet-
ween stigmas and anthers; one morph presents styles above anthers, and the other styles below anthers. Distyly isusually linked to
a self-incompatibility system that prevents self-pollination and crosses between plants of the same morph, thereby ensuring sym-
metrical mating and equal morph ratios within populations. This study is the first description of distyloustraitsin thetropical tree
species Cordia dodecandra and C. sebestena from the Yucatan Peninsula. Principal components analysis of flower morphological
traits identified segregation into two groups with characteristically distylous morphology. Estimation of reciprocal herkogamy
using indices showed almost perfect reciprocity in the distance between long and short sexual organsin the two flower morphs of
both species. Reciprocity between organs was lower in C. dodecandra, suggesting less accuracy in pollen transference between
morphs. Self-incompatibility was observed for C. dodecandra, but could not be confirmed for C. sebestena. However, a1:1 floral
morph ratio within the sampled C. sebestena populations suggests the existence of a distylous, self-incompatibility system in this
species. Morph distribution in C. dodecandra did not follow atypically distylous distribution, suggesting a disruption in popula-
tion processes such as seed dispersion and seedling establishment in this species. The reported data confirm the existence of the
distyly syndromein the two Cordia species.
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Resumen: La distilia es la separacion reciproca entre estigma y anteras, entre plantas de una poblacion, pudiéndose distinguir
individuos con flores de estilo largo y anteras cortas e individuos con flores de estilo corto y anteras largas. Involucrados en este
polimorfismo se encuentran rasgos morfol dgicos de las flores y una auto-incompatibilidad controlada por un sistema de dos alelos
que resulta en una proporcion de tipos florales uno a uno dentro de una poblacion. En este trabajo se explora las caracteristicas de
distiliaen dos especies cercanas de &rboles tropicales que se distribuyen en laduna costeray en los remanentes de huertos mayas en
Yucatan. El andlisis de componentes principales mostro la segregacion de dos grupos de individuos con diferente morfologia floral
en ambas especies. L os indices de reci procidad sefialaron que la hercogamia entre los érganos largosy cortos se gjustade formacasi
perfectaalo esperado en un sistema distilico con autoincompatibilidad sexua en Cordia sebestena y C. dodecandra. Sin embargo,
en esta Ultima especie se observl unamayor variacion en la precision en la posicion de los érganos reciprocos, pudiendo tener con-
secuenciasen laexactitud con laque el polen es depositado sobre el estigma. Las pruebas de incompatibilidad realizadas Gnicamente
en C. dodecandra mostraron que los individuos cuyas flores recibieron polen propio o de otro individuo de su mismo morfo floral
no produjeron frutosy por el contrario, produjeron frutos si recibieron polen de individuos del otro morfo. La proporcién uno auno
entre morfos florales en poblaciones de especies con distilia fue observada solo en una de las especies, 10 que destaca la posible
disrupcidn de procesos como la dispersion de semillas y establecimiento de nuevos individuos en C. dodecandra.

Palabras clave: autoincompatibilidad, distilia, morfos florales, hercogamia reciproca.

D istyly is a floral polymorphism involving a suite of
phenotypic traits. The as-yet-untested assumption is
that the distylous traits are inherited as a group of closely
linked genes that control floral morphology and enhance
outcrossing mechanisms (Ganders, 1979). Species exhibi-
ting this syndrome have two floral morphs: one with long

styles and short stamens and another with short styles and
long stamens. These are frequently distributed in equal
morph ratios within populations (Barrett and Shore, 2008).
A sporophytic self-incompatibility system is commonly
associated with morphs to prevent selfing and pollinations
between plants of the same morph. Distylous flowers may
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also differ in ancillary traits, such as pollen grain size and
number, stigmatic papillae morphology, stigma shape and
corolla size (Dulberger, 1992; Richards, 1997; McCubbin,
2008; Ferrero et al., 2011; Cohen et al., 2012). Of thefloral
traits involved in distyly, reciprocal herkogamy is the main
morphological component shaping floral morphs (Ganders,
1979). In this morphological arrangement, the reproductive
organs in long-styled and short-styled flowers are positio-
ned reciprocally; that is, anthers are below stigmasin long-
styled flowers and above stigmas in short-styled (Webb and
Lloyd, 1986). In conjunction with ancillary traits and the he-
teromorphic incompatibility system, reciprocal herkogamy
plays a key role in controlling pollen movement between
distylous flowers. Therefore, it must be adequately descri-
bed to understand pollen flow trends, reproductive isolation
mechanisms and floral morph ratios in related species and
the evolutionary pathways of distyly (Richards and Koptur,
1993; Arroyo and Barrett, 2000; Sanchez et al., 2008; Keller
etal., 2012).

Cordia dodecandra and C. sebestena are closely rela-
ted species that belong to the infrageneric section Cordia

(Miller, 1985; Miller and Nowicke, 1989), and the mono-
phyletic clade Sebestena (Gottschling et al., 2005; Mufioz-
Mendoza, 2007). Both species are exclusive to the Atlantic
side of the Americas and are similar in morphology, shape
and size of flowers and fruits, and even in their pollina-
tors (mainly hummingbirds and large bees; Percival, 1974;
Opler et al., 1975; Miller, 1985). They differ in that C. se-
bestenaislocated in the Caribbean region, occurring mostly
on coastal sand dunevegetation, while C. dodecandraranges
from dry to semi-evergreen forests throughout southeastern
Mexico and into Belize (Miller, 1985). Distyly syndrome
was first identified in these species via botanical illustra-
tions and herbarium specimens (Tomlinson, 1974; Miller,
1985; Mufioz-Mendoza, 2007; but see Percival, 1974), but
thisis the first descriptive study of these species to include
more than two floral traits aswell as pollination teststo cha
racterize their distylous components. Measurements were
taken of floral traits related to distyly, estimates made of
degree of reciprocity between styles and stamens, surveys
done of morph ratios and pollination experiments run to test
(1) if two different floral morphs can be clearly identified for

Figure 1. Flora traits measured in long-styled and short-styled Cordia dodecandra flowers (same traits measured in C. sebestena): CaD.

calyx diameter; CalL. calyx length; CoD. corolladiameter; CoTL. corollatube length; CoTD. corollatube diameter; SCoS. stigma-corolla

separation; SAS. stigma-anther separation; SH. stamen height; SSH. style plus stigma height; and CoAS. corolla-anther separation. The
number of stamens and corolla |lobules were also counted for each flower.
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each species; (2) if reciprocal herkogamy indicating distyly
isfully met between these possible morphs; and (3) if aself-
incompatibility system can be associated to floral types.

Materials and methods

Sudy species. Cordia dodecandra D.C. (Boraginaceag), Ci-
ricote or k' oopte in the Maya language, is a deciduous tree,
10 min height. Its flowers are large, bright orange in color,
gamopetal ous and funnel-form with 11-18 lobes and a near-
ly truncate calyx. Inflorescences are cymose-panicles with
hermaphroditic flowers with 13-18 epipetalous stamens
that are adnate to the corollain their lower portion (Miller,
1985). Stamens vary in height from 24 to 31 mm (Canché-
Calli, 2010) and are arranged such that long stamens are
intercalated between short ones producing the appearance
of two levels of stamens. The style is branching and stig-
ma lobes are clavate. Flowering occurs during the regional
dry season, from February to May. The fruits are used by
local people to make sweets and the wood is intensively
used for the manufacture of high quality furniture, leading
to severe reductions in wild populations (Duran-Garcia and
Trejo-Torres, 2010; Méndez-Gonzélez et al., 2010). No lon-
ger common in the wild, it is till frequent in cities and in
remnant home gardens in rural Mayan towns, where it is
found alongside other wild species allowed to grow in these
essentially uncultivated spaces (Rico-Gray et al., 1991).

Cordia sebestena L. (Boraginaceae) or anacahuita
grows as a shrub or small tree with a maximum height of
about 8 m. Its corolla is large, red-orange in color, gamo-
petalous and funnel-form with 5-7 lobes, and the calyx is
usually bi-lobed. Inflorescences occur as panicles with her-
maphroditic flowers bearing 5-7 epipetalous stamens of
similar height, styles are persistent, stigmas are branched
and lobes are clavate. Flowering occurs throughout the year
and natural stands are common along the Yucatan Peninsu-
la coast, growing in small, spatially interconnected groups
(Chan-Vermont et al., 2002).

Sudy area and sampling sites. Cordia dodecandra indivi-
duals were sampled at two sites: (1) the Xiitbal neek’ Re-
gional Botanical Garden of the Centro de Investigacion
Cientificade Yucatan (CICY) and adjacent abandoned home
gardens; and (2) the Agricultural and Biological Sciences
Campus of the Universidad Auténoma de Yucatan (UADY;
Table 2). During flowering season (February to May, 2008),
ten flowering individuals were selected at the CICY and
eight at the UADY. Individuals of this species are actually
scarce at these two sites, meaning these samples represent
the remaining populations. The sampled individuals had
formed part of Mayan home gardensthat were later incorpo-
rated by these two institutions. They were not deliberately
planted but rather constitute naturally-dispersed individuals
allowed to grow by the former garden owners. Vegetation
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at both sitesincludes herbs, shrubs, and trees from surroun-
ding remnants of dry and sub-humid forests, growing in
a nutrient-rich soil environment (Rico-Gray et al., 1991;
Benjaminet al., 2001), with 1,005.3 mm annual rainfall and
26 °C mean annual temperature. Hummingbirds, occasional
native bees and Apis mellifera are the primary pollinators
of C. dodecandra. At the CICY, the hummingbird species
observed pollinating this tree were Amazilia rutila, Archilo-
chus colubris, and Chlorostilbon canivetii (W. Santamaria,
2013, pers. obs.). At the UADY, the observed hummingbird
speciesincluded A. candida, A. rutila, A. yucatanensis, An-
thracothorax prevostii, A. colubris, and C. canivetii (Mac-
Kinnon, 2005).

Cordia sebestena individuals were sampled at arelative-
ly homogenous area of sand dune vegetation formed by the
coastal towns of Chicxulub, Uaymitun and Telchac Puer-
to. During May and June 2008, individuals were randomly
selected from groups of flowering individuals growing in
natural stands (sampled points) nearby the towns (Table 2).
In this area, small groups of C. sebestena form an intercon-
nected strip-like population. The environment is semi-xeric
with 370 mm average annual rainfall and 26 °C mean annual
temperature (Canché-Colli, 2010). Vegetation is low, open
scrub dominated by xerophytes, halophyte herbs, thorny
bushes, pams and 1-3 m tall small trees growing on sandy,
nutrient-poor soils. Aswith C. dodecandra, the principal po-
[linators of C. sebestena are hummingbirds, with occasional
visits from native bees and Apis mellifera. Observed hum-
mingbird visitors to C. sebestena included Amazlia rutila,
Archilochus colubris, Chlorostilbon canivetii, and Doricha
eliza (MacKinnon, 2005; W. Santamaria, pers. obs., 2013).

Sampling design and data analysis. For all sampled indivi-
duals at each site, five inflorescences from different bran-
ches bearing fully open flowers were collected per tree,
carefully placed in glassjarsin a portable cooler until taken
indoors, and then kept at room temperature until analysis.
Ten flowers per plant were randomly selected and dissected
to measure twelve morphological traits (Figure 1, Table 1)
with a digital vernier (0.01 mm accuracy). Principal com-
ponent analysis (PCA) is effective for revealing patternsin
flower morphology without assuming an underlying causal
structure of distylous morphology (Hodgins and Barrett,
2008). It was applied here to determineif the combined con-
tribution of measured traits produced a clear separation of
floral morphs, and if so, to identify the main traits causing
that separation. All variables were left untransformed, ex-
cept for number of corolla lobules and stamens; these were
square-root transformed to meet the assumptions of lineari-
ty required for PCA analysis. The analysiswas run using the
PRINCOMP procedurein the SASver. 9.1 software package
(SAS Institute, Cary, NC, USA), and setting single flowers
as the subjects. This allows identification of the traits cau-
sing variation in morphs and their specific contribution to
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Table 1. Average (+ SD) (mm) for traits measured in Cordia dodecandra and C. sebestena flowers. Number of trees sampled per floral morph
(long-styled and short-styled) is indicated in parentheses; ten flowers were measured per individual.

C. dodecandra

C. sebestena

Floral traits Long-styled Short-styled Long-styled Short-styled
(8) (10) 9) (an
Calyx diameter 6.7 £0.8 7.0£1.0 4.7 +0.3 49+0.3
Calyx length 143 +1.2 14.1+£1.8 163 +1.7 17.0+1.3
Corolla diameter 40.2 £5.0 43.1+7.5 38.8+3.9 40.0+3.9
Corolla tube length 303 +2.7 32.7 +4.4 249 +2.7 273 +2.2
Corolla tube diameter 73+1.0 8.1 1.1 5.6 0.7 6.0 0.6
Stigma-corolla separation 6.6 25 8.3 +£4.0 5.6 £2.0 53+2.7
Stigma-anther separation 79+25 5.7 +3.7 6.0+1.9 53+2.4
Stamen height 279+1.6 3531 £4.0 258 +2.4 31.9+2.1
Style plus stigma height 38.6 £2.7 26.1 +3.2 31.3+2.7 253 +2.2
Corolla-anther separation 1.9+1.1 43+2.0 1.8+1.2 24+1.1
No. of corolla lobules 13.7+1.2 14114 6.0 £ 0.5 6.1+0.4
No. of stamens 13.7+1.3 13.9+14 6.0 £0.5 6.1+£0.5

dimorphism. Identification of the floral morphsin each spe-
cies was done by plotting the subject scores computed on
the first two principal components (PC) in two-dimension
graphs. Visual exploration was used to identify the different
floral morphs present in each species. Scoresfor thefirst PC
were used in a nested ANOVA with random effects, using
the MIXED procedure in SAS (Littell et al., 1996) to test
differences between floral morphs and between sites, and
to estimate the variance components at the plant and flower
(flowers nested within plants) hierarchical levels.
Reciprocal herkogamy was estimated graphically and
using three indices: the relative reciprocity index of Ri-
chards and Koptur (1993), the reciprocity and precision
indices of Eckert and Barrett (1994), and the reciprocity
index proposed by Séanchez et al. (2008, 2013). Richards
and Koptur (1993) index is useful for determining relative
reciprocity between organ levels and is calculated for high

organ (RHigh) and low organ (R ) levels, as (anther height
- reciprocal stigmaheight) / (anther height + reciprocal stig-
ma height). Values range from 1 to -1, with zero indicating
perfect reciprocity for both organ levels. Eckert and Barrett
(1994) reciprocity index provides asimple estimation of the
‘equality’ of inter-organ distances based on comparison of
distances between same sex organs (i.e. stigmas or anthers)
in different morphs. Perfect reciprocity (Rl = 1) is achieved
when anthers of one morph are positioned at the same level
as the stigma of the other. This reciprocity can be summa-
rized as (anther height short-styled morph - anther height
long-styled morph) / (stigma height long-styled morph
- stigma height short-styled morph). This precision index
(P1) is complementary to the RI and estimates the degree of
variation in the distance between anther height and stigma
height at the same level. It is calculated using the average
variation coefficients of high organ (CV ) and low organ

Table 2. Sampled sites and reciprocity and precision indices according to (1) Richards and Koptur (1993), (2) Eckert and Barrett (1994), and (3)

Sanchez et al. (2008). 1: RHigh
and PI = precision index; 3: R = reciprocity index.

= intermorph reciprocity for high organs and R

= intermorph reciprocity for low organs; 2: Rl = reciprocity index

Low

2 3 Plants sampled
Species Sites Longitude Latitude R en R, RI P R Long- Short-
(W) (N) styled styled
C. dodecandra  CICY 89° 38" 20" 21°01744”  0.060 -0.020 0.500 10.070  0.016 4 6
UADY 89° 37 28" 20°51760”  0.020 -0.040 0.690 10.600  0.015 4
Pooled 0.045 -0.033 0.589 10.524  0.017
C. sebestena Chicxulub 89° 34" 44" 21°17747"  0.034 0.007 0.718 5.680 0.004 1 3
Uaymitdm  89°31"17” 21°18"40” -0.006 -0.002 1.042 7.430 0.007 7
Telchac 89° 17" 43" 21°2024”  0.005 -0.100 0.470 8.840 0.012 1
Pooled 0.001 -0.009 0.913 7.652 0.008
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(CVy) heights: (CV + CV ) / 2. Higher PI values indicate
less precision between the organ heights of one morph and
another, whereas a zero val ue represents perfect precision.

The above indices are calculated from a single sex or-
gan height value (e.g., average anther and stigma height
for each organ level) and produce two values to estimate
organ reciprocity. In contrast, the reciprocity (R) index of
Sanchez et al. (2008) results in a single combined recipro-
city value for high and low organs, allowing comparison of
each organ’s height within a population with all possible
organ heights. Thisincludes variance in anther-stigma dis-
tance within and between populations. Species with perfect
reciprocity between short and long organs have zero values,
and those exhibiting distyly have values < 0.05 (Keller et
al., 2012). Detailed formulas to compute R can be found in
Sanchez et al. (2008).

Complementary data was collected by documenting the
morphs present at each site and morph self-incompatibility.
Morph ratios were estimated for each species to determine
if the floral morph ratio remained equal between sites since
thisis a characteristic of distylous plants, in sufficiently lar-
ge populations (Barrett and Shore, 2008; Hodgins and Ba-
rrett, 2008). Hand pollination was done using 1,116 flowers
in different Cordia dodecandra individuals. Flowering C.
sebestena individuals were infrequent when the pollination
experiment was done, meaning only C. dodecandra indivi-
duals were used in this experiment. Fully open flowers (bag-
ged from the flower bud stage) of each morph were assigned
to one of five treatments: (1) natural conditions, flower left
untouched and open to free pollination; (2) spontaneous
self-pallination, untouched flower covered with exclusion
bag; (3) self-pollination, emasculated flowers received po-

Figure 2. Patterns of variation in style and stamen length in the two Cordia species: (A) C. dodecandra and (B) C. sebestena. For both gra-
phs, styles are solid squares and stamens are represented by open triangles. Flowers of each individual are clustered between dotted lines.
The solid linein the middle of each panel separates floral morphs: left side are the long-styled flowers, right side the short-styled ones.

Botanical Sciences 92 (2): 289-297, 2014
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[len from 1-2 flowers of the same individual; (4) intramorph
self-pollination, emasculated flower received pollen from
flowers of 1-2 different individual s of the same morph; and
(5) intermorph cross-pollination, emasculated flower re-
ceived pollen from individual s of the opposite morph. Five
flowers per inflorescence were assigned to each treatment,
labeled after pollination and rebagged until fruit maturity.
Fruit production was estimated as the proportion of flowers
forming fruit at maturity for each pollination treatment.
Differencesin fruit production among pollination treatments
were tested with the GLIMMIX procedure in SAS using
the binomia distribution as the variance function for fruit
proportions linked to the generalized linear model with the
logit function. Pollination treatment and floral morph were
set asfixed factorsin the model. Post hoc comparisons were
performed using the least square means estimation with the
SLICE option to test the effect of pollination treatments for
each floral morph when the interaction terms is statistically
significant (SAS/STAT, 2006).

Results

Two floral morphs. The PCA analysis identified two floral
morphologies in Cordia dodecandra. The first PC explai-
ned 32% of variation and was determined by stamen height;
corolla tube diameter; stigma-anther separation; and coro-
[ladiameter (from highest to lowest effect). The second PC
(19%) was determined by stamen number, corolla lobule
number, calyx diameter, and corolla tube length. Plotting
the PCs identified: one morph having long-styled and short
stamens with smaller corollas; the other having short-styled
and long stamens with larger corollas. The nested ANOVA
showed these morphs to be different (F,,,, = 22.18, P <
0.0001), confirming the existence of two distylous morphs
in C. dodecandra. No significant difference was detected
between sites in the existence of the two morphs (F, ,, =
0.75, P =0.3869). In addition, no significant interaction was
identified between the factors morph and site (F, ,,, = 3.81,
P = 0.0529). Most intermorph variance in floral morpholo-
gy was due to interplant variance, independent of site, and
accounted for 61% of total variance in morphology (F,,,
= 35.64, P < 0.0001). Differences between flowers within
plants accounted for < 1% of variance in morphology and
was not significant (F, ,, = 0.50, P = 0.9534).

Two floral typeswere also evident in Cordia sebestena by
the PCA. Thefirst PC explained 36% of variation in flower
morphology and was mainly determined by stamen height,
corolla tube length, corolla diameter and corolla tube dia-
meter. The second PC (17%) was determined by stigma-an-
ther separation, stigma-corolla separation and calyx length.
When plotted, the first and second PCs showed the two flo-
ral morphologies: long-styled flowers with short stamens
and a smaller corolla, and short-styled flowers with long
stamens and a bigger corolla. The nested ANOVA confir-
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med the difference between floral morphs (F, ,, = 11.07,
P < 0.0011). No differences were identified among sites
(F, 5, = 1.85, P =0.1605), or by the interaction between the
morph and site factors (F, ., = 0.57, P = 0.5667). Interplant
variance accounted for 73% of variation in floral morpholo-
gy (F,,5, = 60.84, P < 0.0001). Differences among flowers
nested in plants accounted only for < 1% of total variancein
floral morphology (F ., = 0.34, P = 0.9961).

Reciprocal herkogamy. The pattern of variation in style and
stamen length in the two species denoting the typical herko-
gamy separation between short and long organs in flowersis
shown in figure 2. Given the absence of intersite difference
in floral morphology for both studied Cordia species, all
reciprocity indices were calculated by pooling sampling
site data for each species. The reciprocity indices calcula
ted according to Richards and K optur (1993) showed values
near zero for both high (RHigh) and low organs (R ) in C.
dodecandra. Thisindicates reciprocal matching within high
and low organs, that is, stigma height of long-styled flowers
matched anther height in short-styled flowers. Results for
RI (Eckert and Barrett, 1994) indicated that stigma height
in one morph is partially reciprocal with anther height in
the other morph, and that the degree of variation (PI) in
the distance between anther height and stigma height at the
same level is relatively high. Reciprocity (R) values based
on Sanchez et al. (2008, 2013) indicated that the anther and
stigma position observed in different morphs is distinctive
of distylous species (R value < 0.05; Table 2). For C. sebes-
tena, the reciprocity indices of Richards and Koptur (1993)
identified close organ reciprocity between morphs both for
high (RHigh) and low organs (R ). The RI value indicated
that stigma height in one morph is closely reciprocal to an-
ther height in the other, and organ positioning precision (PI)
ishighly accurate for both high and low organs. The Rindex
showed that organ positioning between flowers of different
morphsisvery near perfect reciprocity (Table 2).

Mor ph ratios and self-incompatibility. When pooled by site,
floral morph ratio (long-styled:short-styled) in Cordia do-
decandra was amost 1:2 (11 long-styled:19 short-styled)
while in C. sebestena it approached 1:1 (54 long-styled:47
short-styled). Experimental crosses in C. dodecandra pro-
vided evidence for self-incompatibility in flowers of the
same morph. Fruit proportion differed among pollination
treatments (F, ,, = 24, P < 0.0001), but not between floral
morphs (F, ,, = 0, P =0.99). Interaction between factorswas
significant (F, ,, = 3.64, P = 0.0128), meaning that the effect
of pollination type on fruit production depended on floral
morph type. In other words, in both morphs fruit proportion
was highest when flowers were pollinated with pollen from
the opposite morph (Table 3); however, short-styled morph
produced more fruits than long-styled one in the intermorph
crosses (t = 5.62, P < 0.0001). Pollination under natural con-
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ditions resulted in the second highest fruit production, with
long-styled flowers being the most productive (t = 2.79, P =
0.0080). No or negligible fruit production was observed in
the intramorph self-pollination and spontaneous self-polli-
nation treatments (Table 3).

Discussion

Both Cordia dodecandraand C. sebestena exhibit distinctive
attributes of distyly: (1) two floral morphology types among
individuals in each population, long-styled and short-styled
flowers; (2) high degree of reciprocal positioning between
floral morphs in long and short sexual organs; (3) a floral
morph-associated incompatibility system in C. dodecandra.
Reproductive incompatibility can only be suggested in C.
sebestena based on population morph ratios.

The variation pattern in distylous traits observed in Cor-
dia dodecandra and C. sebestena agrees with that reported
in other Cordia species native to the Americas: C. collo-
cocca, C. curassavica, C. dentata, C. panamensis and C.
pringlel (Ganders, 1979). In this pattern, stamen height and
stigma-anther separation are the main morphological traits
segregating individuals into two floral morphs. However,
flower size was also important in identifying each morph
in the two studied species (Miller, 1985; Mufioz-Mendoza,
2007). On average, short-styled individuals in both species
had flowers with larger corolla size, longer floral tubes and
larger calyxes. Increased floral size, derived mainly from
long corollatubes, has been associated with the short-styled
morph in other distylous species including several Amsinc-
kia species, genus Glandora, and Lithospermum densiflo-
rum (Boraginaceae; Ganders, 1979; Li and Johnston, 2001;
Ferrero et al., 2011); Plumbago auriculata (Plumbagina
ceae; Ferrero et al., 2009); Primula vulgaris and P. veris
(Primulaceae; Kdman et al., 2007); Gaertnera vaginata,
Guettarda scabra, Palicourea demissa, P. padifolia, Psy-
chotria carthagenensis, and P. nuda (Rubiaceae; Richards
and Koptur, 1993; Pailler and Thompson, 1997; Hernandez
and Ornelas, 2003; Cardoso de Castro and Cardoso-Arau-

Table 3. Average proportion (+ SD) of mature fruit produced under
different pollination treatments in Cordia dodecandra. The number of
flowers used in each treatment is indicated in parenthesis. Different
letters in the same column indicate differences between treatments
(Least square means estimation, P < 0.05).

Floral morphs

Pollination treatment Long-styled Short-styled
Natural conditions 0.2 +0.1(116)2 0.1 +0.03 (235) @
Spontaneous selfing  0.01 £ 0.01 (116) ® 0(136)°
Self-pollination 0(74)" 0(98)"
Intramorph crosses 0(74)" 0(123)°
Intermorph crosses 0.5+0.12 (68) 0.8+£0.1(76) ¢
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jo, 2004; Valois-Cuesta et al., 2011; Rodrigues-Faria et al.,
2012). In short-styled flowers, corolla tube length probably
plays a more important role in positioning sex organs at an
appropriate distance, and thus increasing intermorph pollen
transfer accuracy, than in long-styled flowers (Pailler and
Thompson, 1997; Faivre and McDade, 2001; Kadman et al.,
2007). In C. dodecandra and C. sebestena, the stamens are
epipetal ous and adnated to the corollain their lower portion.
Thisimpliesthat stamen length increases as the corollatube
elongates, as occurs in P. vulgaris and P. veris (Kaman et
al., 2007), producing a positive correlation between stamen
length, stigma-anther separation and corolla tube length in
short-styled morph.

All the indices used here were congruent with reciprocal
herkogamy in the two studied species, although this condition
was far more marked in Cordia sebestena than in C. dodecan-
dra. Thelatter speciesexhibited lessreciprocity between sexual
organs in the two morphs and wider variation in organ posi-
tioning precision. Thislower reciprocity and precisionin C.
dodecandra may diminish pollen transfer accuracy among
individuals (Eckert and Barrett, 1995) with far-reaching
conseguences in pollination success and fruit production. In
contrast to previous studies, the C. sebestena sampled for the
present study exhibited almost perfect reciprocity between
floral morphs. Cordia sebestena in Florida have been repor-
ted as heterostylous (Tomlinson, 1974), while in southeast
Jamaica no clear separation between pistil and stamens was
found, although floral dimorphism was observed in coro-
[la tube length (Percival, 1974; Opler et al., 1975). These
inconsistencies between studies suggest that herkogamy in
flowers may vary considerably at a wider geographic scale.
Indeed, shifts in edaphic-climatic conditions and/or polli-
nator relationships could have triggered the observed va
riation from distyly to potential homostyly in C. sebestena
(Mufioz-Mendoza, 2007). Distylous conditions are usually
accompanied by self-incompatibility, genetically preventing
intramorph reproduction. This, in turn, promotes symmetri-
cal intermorph mating, resulting in equal morph ratios within
populations (Charlesworth and Charlesworth, 1979; Hodgins
and Barrett, 2008). In the present study, intramorph incom-
patibility was confirmed for C. dodecandra at thefruit level.
Under natural conditions, higher fruit production was obser-
ved in long-styled flowers indicating that pollinators exert
an effect on the success of intermorph cross-pollination asit
was observed in C. globosa and C. leucocephala from Bra-
zil (Machado et al., 2010). Hummingbirds are the principal
pollinators in both the studied Cordia species, suggesting
that the probability of the stigma touching the pollen-im-
pregnated head of a hummingbird is greater in long-styled
than in short-styled flowers.

Although for intramorph incompatibility was not estima-
ted for Cordia sebestena, the observed floral morph ratio
coincides with the morph ratio of a distylous, a self-incom-
patible system. On the contrary, morph ratio in C. dodecan-
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dra is not consistent with the expected 1:1 distylous ratio.
One feasible explanation for the differencesin morph ratios
between the studied species is that population processes
such as seed dispersion and seedling establishment have
been disrupted in C. dodecandra stands, but have remained
viable in C. sebestena. This second species still grows in
natural stands, whereas C. dodecandra now grows largely
in former home gardens and are actually remnant trees of
original stands. Additionally, an idea till unexplored is that
the low reciprocity in sexual organs could increase variance
in the reproductive success between morphs, thus biasing
the proportion of morphs from the 1:1 expected in distylous
populations, as is the case in C. dodecandra. On the con-
trary, high organ reciprocity could promote a more precise
pollen deposition between morphs, thus maintaining equal
morph proportions within populations, the case in C. sebes-
tena. The quantitative data reported here confirm distyly in
C. dodecandra and C. sebestena, highlighting the need for
implementing management and conservation practices for
both species, but particularly for the drastically declining
wild populations of C. dodecandra.
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