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Abstract

Plant responses to habitat fragmentation are determined by
their reproductive system and the level of specialization in their
pollination system. One way to understand possible responses
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Pollinator dependency determines the susceptibility to habitat fragmentation of Mucuna mutisiana (Kunth)

is through reproductive success, degree
of self-compatibility, and susceptibility
to pollination. Mucuna mutisiana, a liana
typical of secondary forests and associated
with the banks of rivers in the Tropical Dry
Forests (BsT) of the Colombian Caribbean,
flowers throughout the year, although
it is more frequent in the rainy season,
most visits to Its flowers are caused by
nectarivores bats, mainly Glossophaga
soricina and Glossophaga longirostris.
We describe that the specialization of
pollination increases this susceptibility to
fragmentation due to the negative effect it
has on the reproductive success of plants by
limiting the quantity or quality of the pollen
they receive. Using controlled pollination
methods, the reproductive susceptibility
to pollen limitation was evaluated through
the reproductive success of Mucuna
mutisiana. We performed a consistent
artificial pollination factorial experiment
with different levels of pollen limitation
that allowed us to estimate the production of
fruits and seeds. We report that M. mutisiana
is partially self-compatible, with an ISI =
0.776 and reproductive success of 34.04%
when visited by its effective pollinators. An
analysis of variance showed that there is
differentiation in fruit production between
the differentlevels of controlled pollination,
being higher in natural pollination and
pollination with own pollen, unlike cross
pollination where the results were not
significant. In addition, no differences were
found between seed production by natural
pollination and by self-pollination, with a
higher seed production being observed in
cross-pollination. This confirms that M.
mutisiana has an affinity for its own pollen
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depending on its pollinators, itis evident that
they are facultative xenogamous with mixed
mating, which gives them reproductive
security with advantages for the fitness
of their populations. This is a particularly
clear focus for developing native habitat
restoration and conservation strategies

Keywords: breeding system, habitat
fragmentation, self-compatible, self-
incompatible, pollen limitation.

Resumen

Las respuestas de las plantas a la
fragmentacion del habitat vienen
determinadas por su sistema reproductivo
y el nivel de especializacion de su sistema
de polinizacion. Una forma de entender
las posibles respuestas es a través del éxito
reproductivo, el grado de autocompatibilidad
yla susceptibilidad ala polinizacién. Mucuna
mutisiana, una liana tipica de bosques
secundarios y asociada a las riberas de los
rios enlos Bosques Secos Tropicales (BsT) del
Caribe Colombiano, florece durante todo el
ano, aunque mas frecuentemente enla época
lluviosa; la mayoria de las visitas a sus flores
son causadas por murciélagos nectarivoros,
principalmente Glossophaga soricina y
Glossophaga longirostris. Describimos que
la especializacion de la polinizacion aumenta
esta susceplibilidad a la fragmentacion
debido al efecto negativo que tiene sobre
el éxito reproductivo de las plantas al
limitar la cantidad o calidad del polen que
reciben. Utilizando métodos de polinizacion
controlada, se evalud la susceptibilidad
reproductiva alalimitacion de polen a través
del éxito reproductivo de Mucuna mutisiana.
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Realizamos un experimento factorial de
polinizacion artificial consistente con
diferentes niveles de limitacion de polen que
nos permitio estimar la produccion de frutos
y semillas. Reportamos que M. mutisiana es
parcialmente autocompatible, con un ISI
= 0,776 y un éxito reproductivo de 34,04%
cuando es visitada por sus polinizadores
efectivos. Un analisis de varianza mostro
que existe diferenciacion en la produccion
de frutos entre los distintos niveles de
polinizacion controlada, siendo mayor en
polinizacion natural y polinizacion con
polen propio, a diferencia de la polinizacion
cruzada, donde los resultados no fueron
significativos. Ademas, no se encontraron
diferencias entre la produccion de
semillas por polinizacion natural y por
autopolinizacion, observandose una mayor
produccion de semillas en la polinizacion
cruzada. Esto confirma que M. mutisiana
tiene afinidad por su propio polen,
dependiendo de sus polinizadores. Es
evidente que son xendgamas facultativas
con apareamiento mixto, lo que les da
seguridad reproductiva con ventajas parala
aptitud de sus poblaciones. Se trata de un
objetivo especialmente claro para desarrollar
estrategias de restauracion y conservacion
de habitats autoctonos.

Palabras clave: sistema de reproduccion,
fragmentacion del habitat,
autocompatibilidad, autoincompatibilidad,
limitacion del polen.

Introduction

Pollinators as pollen vectors allow
reproduction in angiosperms (Ashman
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et al., 2004; Knight et al., 2005). Ensuring
effective reproduction requires biological
attributes that allow them to reproduce
effectively, which could determine
differential ecological responses to the
effects of habital [ragmentation (Da Silva
Elias etal., 2012; Dainese et al., 2019). Certain
adaptations of the reproductive biology of
plants could be associated with the degree
of dependence and/or specialization of their
pollinators (Faegri & Pijl, 1979; Johnson &
Steiner, 2000; Willmer, 2011). This could
explain the susceptibility that these species
may have at the reproductive level (Aizen
et al., 2002) . Other observations suggest
that plants can ensure sexual reproduction
by producing seeds through autonomous
self-fertilization (Hokche & Ramirez, 2016).
Consequently, the reproductive system is
considered an important trait to evaluate
the degree of dependence of the mutualistic
relationship with its pollinators, its possible
consequences on the reproductive success
of plants and the possible responses to the
effects of habitat loss (Aizen & Feinsinger,
1994; Wilcock & Neiland, 2002).

The species are usually obligate outbreeders
that depend on pollinators for their
sexual reproduction, since they use
cross-pollination with pollen from other
individuals for seed production, which
could result in a high dependence on
their pollinators. Authors have suggested
that some species of the genus Bauhinia a
Caesalpiniodeae pollinated by bats, are self-
incompatible, so their pollinators ensure the
formation of fruits and seeds as crossings
increase (Hokche & Ramirez, 2016). The
tropical tree species of the genus Inga with
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massive flowering typical of the Montane
Cloud Forests of Costa Rica are mostly self-
incompatible and have evolved in response
to excessive geitonogamy (Barros et al.,
2013; Koptur’, 2022). Alternatively, species
with the possibility of forming fruits by
self-pollination could be favoring their
reproductive success in the absence of
pollinators (Ashman et al., 2004; Aguilar et
al., 2006). The authors have documented that
Sophora fernandeziana, Crotalaria retusa
and Crotalaria micans are self-compatible
legumes, although they do not reproduce
by agamospermy or spontaneous self-
pollination, indicating that these species
depend on pollinators for fruit formation
(Brito et al., 2010).

It is currently inconclusive to generalize
about the reproductive susceptibility
of plants to habitat loss as a function of
compatibility with pollination systems
(Aizen & Feinsinger, 1994; Aguilar et al.,
20006). However, the relationship between
the pollination system and the reproductive
performance of plants can be estimated
(Johnson et al., 2003; Knight et al., 2003;
Diego etal., 2019). Through the proportion of
fruits and seeds in simulations of the absence
or presence of the pollinator according to
each pollination syndrome, which allows
estimating whether the plant is self-
compalible or self-incompatible (Saborio
& De la Costa, 1992). It would be expected
that, in self-incompatible plant species, self-
pollination produces a self-incompatibility
reaction that blocks the possibility of
fruit and seed production (Aguilar et al.,
2006). In contrast, self-compatible plants
depend on animal pollinators to transport

pollen through cross-pollination for fruit
formation. Authors suggest that the flowers
of the species that are pollinated by bats
receive more visits due to cross-pollination,
which allows a greater production of fruits,
however, the possibility of forming fruits
by self-pollination (geitonogamy) through
agents to promote reproductive success
(Hokche & Ramirez, 2016).

In this study we focused on evaluating the
compatibility system of Mucuna mutisiana to
understand the degree of specialization and/
or dependence of mutualism on pollination
through reproductive effectiveness and how
their reproductive success might be affected
by habitat loss. The reproductive biology of
the oxeye Mucuna mutisiana in the tropical
dry forest (TDF) of the Colombian Caribbean
allowed us to explore how the reproductive
system can explain the specialization of
the chiropterophily syndrome that these
species present. Few studies have focused
on the study of the reproductive system of
the species of this genus. Through a factorial
design that allowed us to evaluate the
susceptibility of reproductive success and
the possible dependence of its pollinators
to understand the compatibility system of
M. mutisiana. We consider the following
hypotheses: (1) M. mutisiana can be self-
compatible (2) Pollinators are necessary to
produce fruits and seeds (3) Pollination of
M. mutisiana is susceptible to processes of
habitat loss and fragmentation. We expect
this species to be self-compatible, with a
degree of reliance on pollinators to produce
fruit and seeds that provide fitness benefits
to the plant.
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Materials and Methods
Study area
The Caribbean Region of Colombia has

the largest coverage of tropical dry forest
(Minambiente-IAVH 2014). Its plant

formation is frequently distributed in
gallery forests, primary forests and forests
disturbed by habitatloss and transformation
(IDEAM, 2013). We conducted this study in the
northern region of Colombia, where BD-T
is considered one of the most threatened
ecosystems in the world. For Colombia
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Fig. 1. Maps of the study sites: (A) Caribbean region of Colombia, (B and C) map

of the natural reserves used as study sites in the Caribbean region of Colombia.

Sites located in two geographical areas in the Serrania de la Coraza-Montes de

Maria in the department of Sucre and in the Serrania de Piojo in the department of

Atlantico. Within each region, different sampling points were chosen to evaluate the
reproductive system of Mucuna mutisiana.
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in 2010 it was estimated that there was a
remnant of 735,514 ha, distributed mostly
in the Caribbean plain. According to IGAC
reports, in the Atlantic, 31.6% of the territory
is destined for agroforestry (non-arable) and
conservation. Mucuna mutisiana occupies
a restricted area in habitats that are not
considered fragmented (Moura et al., 2018).
We selected two places in the region with
similar landscape features located along
water sources or streams. Specifically, the
Primate Protective Forest Reserve in the
Serrania de Coraza - Montes de Maria,
in Colosoé (9° 30' north latitude and 75° 21'
west longitude). This area has an extension
of 6,730 hectares with a reserve category
through Executive Resolution No. 204 of
October 24, 1984. Charcones Nature Reserve
located in the department of Atlantico (10
75' north latitude and 75° 09' west longitude)
in the Serrania de Piojo, which has 42.98
hectares, Resolution 031 of March 6, 2018
(Fig.1). The climate in this area is typically
tropical, influenced by the topography and
the action of northeasterly winds, which
vary in temperature, relative humidity, and
precipitation (Cuervo, A; et al; 1086). Ithas an
average monthly temperature of 27.45°C, a
relative humidity of 77% (IDEAM, 2013).

151 =

Reproductive system and effective
pollination of M. mutisiana

We performed five hand pollination
treatments to determine the reproductive
system of M. mutisiana, and whether there
is a dependency on pollinators to produce
fruits and seeds. The inflorescences were
bagged before the opening of the flowers
to avoid natural pollination. We applied five
pollination treatments to 124 and 138 flowers
in four sampling stations. Subsequently,
the selected flowers received the following
treatments: (1) Emasculation of flower
buds: the buds were bagged before the
floral opening; (2) Flowers that were bagged
avoiding natural pollination; (3) Manual self-
pollination induced with own pollen; (4)
Manual cross-pollination with pollen from
other plants; (5) Natural pollination (Fig. 2).
These treatments were carried out at three
times during the night: 6:00 pm, 10:00 pm
and 12:00 am, taking flowers with receptive
stigma and viable pollen in mature flowers.
The proportion of fruits produced per flower
was measured in each treatment in which
reproductive success was then measured
through the self-incompatibility indices (ISI)
and the reproductive success index (RRS)
(Hokche & Ramirez, 2016).

# average number of fruits produced per flower by mamal self — pollination

RRS =

# fruirs produced

T average number of fruits produced per flower by manual cross — pollination

# seeds produced

# flowers produced * ¥ ovules produced
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In plants, the compatibility system with
values equal to one indicates that it is self-
compatible, greater than zero and less
than one the self-compatibility is partial,
finally when it is equal to zero it is total
self-incompatibility (Zapata & Arroyo, 1978;
Hokche & Ramirez, 2016). Subsequently,
reproductive efficiency was evaluated by
comparing the proportion of fruits by cross
fertilization with respect to the proportion
of fruits under natural conditions (Khorsand
& Awolaja, 2020). Therefore, it allowed Lo
directly infer whether M. mutisiana is
self-compatible or incompatible through
the effect of the production of fruits per
flower in the different reproductive success
treatments (Hokche & Ramirez, 2016).

Analysis of results

To validate our hypotheses about the
susceptibility of reproductive success with
the possible dependence on their pollinators.
The reproductive system of M. mutisiana
was determined through a program of
controlled crossings in flowers isolated from
natural pollination activity. The number of
fruits and seeds produced by the pollination
treatments carried out was quantified, the
data obtained in the experiment showed
a normal distribution according to the
Shapiro-Wilks test, for the homogeneity of
the variance the Bartlett test was carried
out. We performed a one-way ANOVA to
test the effects of treatment on fruit set.
Tukey's HSD with a Bonferroni correction
was used to determine meaningful pairwise
comparisons. All analyzes were performed
using the Rstudio base package (R Core
Team 2018; auto package v. 3.0-2, following
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Roxaneh S. Khorsand, Olufisayo Awolaja
2020).

Discussion

Mucuna mutisiana includes lianas with
glabrous, welded staminal filaments 3.5-
5.0 cm long; the gynoecium is between
4.5 and 6.0 cm long; style 3.5-5.0 cm long,
hairy except at apex; ovary 5.0-10 x 2.0 mm,
sericeous (Moura et al., 2018). We observed
flowering at the sampling points between
the months of October and November with
an approximate duration of 1.4 months, each
individual flower lasting less than a week
if itis not visited by a potential pollinator.
The flowers treated during the pollination
experiments showed senescence between 3
and 5 days when the flowers were observed
with withered petals and no pollen.

Experimental tests of controlled crosses on
262 flowers isolated from natural pollination
activity showed that many selected flowers
aborted during the experiment. Itis possible
that this event could have occurred due to
internal mechanisms of the Mucuna flowers,
given that the results of greater reproductive
success are related to pollination
treatments with pollen from flowers of
the same individual, as well as natural
pollination when legitimate pollinators
act. Experimental results indicate that this
species is self-compatible, although they
usually depend on the bats Glossophaga
longirostris and Glossophaga soricina as
floral visitors (Rebolledo Contreras, 2021).
Natural pollination produced a higher
percentage of fruits per flower, with a
reproductive efficiency of 34.04% compared
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to self-pollination with flower pollen from
the same individual, where a reproductive
efficiency of 26.97% was obtained. Fruil set
differed significantly between treatments
(ANOVA; F 9.643: 0.00643, P < 0.01) in relation
to the number of seeds produced per fruit
(ANOVA; F 1.104: 0.30813, P < 0.01). Fruit
production was from highest to lowest: (1)
emasculated flower treatment (mean o.5, Sd

20~

Fruat

ALITEH =

POLCRUL
Treabment

+ 0.0, N: 124), (2) self-pollination treatment
without manipulation (mean o.5, Sd + 0.0,
n: 135) , (3) cross-pollination (mean 1.50, Sd
+1.29, N: 132), (4) pollination treatment with
own pollen (mean 10.75, Sd + 4.57, n: 138), (5)
natural pollination (mean 12.00, SD * 4.32,
n: 127) (Fig. 2).

POLHAT POLFF

Fig. 2. Mean fruit set given by the proportion of fruits per flowers per treatment.

Treatments include (1) emasculation of flower buds; (2) Self-pollination without

manipulation (Autogamy); (3) Manual self-pollination (Facilitated Autogamy) and (4)

Manual cross-pollination with pollen from other plants (xenogamy); (5) Pollination
natural in flowers exposed to pollen vectors. significant (P < 0.05).
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The set of pairwise comparisons between
the means for each level of pollination
treatments (P < 0.05) showed that there
are differences between the levels of
pollination treatment. The mean values of
fruit set are significantly higher in natural
pollination and pollination with own pollen
than the mean values of self-pollination
without manipulation and by emasculation.
Although the cross-pollination treatment

was expected to yield high mean values,
the results were not significant (Fig. 3). The
proportion of seeds per ovule produced
by natural pollination did not differ from
that produced by self-pollination, while the
proportion of seeds per ovule produced by
cross-pollination was significantly lower
than that produced by self-pollination;
These results confirm that Mucuna
mutisiana appears to be a species that has
an affinity for its own pollen.

95% family-wise confidence level

POLCRUZ-AUTEM
1

POLNAT-EMASC
1

T
5

FOLPP-POLNAT
|

5

T T
10 15

Differences in mean levels of fruit the treatment

Fig. 3. Multiple comparisons for means that are significantly different between

pollination treatments (P < 0.05). Self-pollination without manipulation (AUTSM),

emasculated flowers (EMASC), pollination with own pollen (POLPP), natural
pollination (POLNAT), cross-pollination (POLCRUZA).
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Discussion

The specialization of pollination through
the reproductive system of M. mutisiana
was studied, as well as the degree of
dependence of its mutualistic relationship
with its pollinators. Studies suggest that
plant responses to habitat fragmentation
are determined by their reproductive
system, which in turn is related to the
level of specialization in their pollination
system (Aizen & Feinsinger, 1994; Ashman
et al., 2004). The results of the analysis
show that the flowers of the genus Mucuna
are hermaphrodite and predominantly
geitonogamic, confirming that M. mutisiana
presents functional self-fertilization in
chiropteran pollination systems when
visited by its legitimate pollinators. Studies
on some species indicate that both self-
compatibility and self-incompatibility
are present in Mucuna (Agostini, 2004;
Kobayashi et al., 2019).

The results indicate that Mucuna mutisiana
is a self-compatible species, with an ISI =
7.75% and a reproductive success of 34.04%
when G. soricina and G. longirostris visit the
flowers (Rebolledo Contreras, 2021). Studies
on Mucuna macrocarpa confirm that they
do not form fruits in pollination treatments
by emasculation or by spontaneous self-
pollination for experiments carried out
in different locations in Kyushu, Japan
(Kobayashi et al., 2018). Their results were
like this study, in cross-pollination, manual
self-pollination, and natural pollination
experiments. The rate of proportion of
fruits per flower and per inflorescence were
significantly higher in the cross-pollination

treatments than in the spontaneous self-
pollination treatments (Kobayashi et al.,
2018). Confirming that fruiting only occurs
when effective pollinators visit and open
the flowers, it is not reported whether
the compatibility system confirms that M.
macrocarpa depends on the mutualistic
relationship by its pollinators C. caniceps
and C. finlaysonii to achieve reproductive
success (Kobayashi et al., 2018). It seems that
the absence of fruits due to spontaneous
self-pollination is probably related to the
non-rupture of the stigmatic cuticle, like
what happens with C. juncea (Roberts,
1971), indicating that these species depend
on pollinators for the formation of fruits.
As seems to happen in M. mutisiana whose
own pollen deposition on the stigma, which
occurs only when visiting bats succeed in
pressing their snouts into the cleft on the
wing petals causing the keel to burst and
the column of stamens under it to burst.
pressure releases the pollen (Rebolledo
Contreras, 2021).

Facultative xenogamous plant species are
usually self-compatible with adaptations
for cross-pollination, considered as a
mixed mating system where the level of
activity of pollinators could be determining
the balance between self-pollination
and cross-pollination (Cruden, 1979).
Here we consider that M. mutisiana is
facultatively xenogamous because it is
self-compatibility is partial with flowers
adapted for cross-pollination, where the
behavior of the pollinators, the functional
traits of the flowers, as well as the size of
the inflorescence affect self-fertilization,
mainly resulting in geitonogamy. Empirical
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evidence suggests that many plants have
evolved this mixed mating as a stable
evolutionary strategy that confers fitness
benefits and provides reproductive security
if pollinators are limited (Cruden, 1979;
Gallardo et al., 1994; Etcheverry et al., 2011;
Khorsand & Awolaja, 2020).

In the experiments, the natural pollination
treatment exhibited significantly higher
fruit formation than the xenogamy
pollination treatment (RRS: 34.04% vs.
26.97%, respectively), suggesting that
our M. mutisiana populations are not
limited by quality. of pollen. However, the
degree of dependence on pollinators for
the release and transfer of pollen from
anthers to stigmas is evident. Therefore,
the susceptibility of pollination of M.
mutisiana by habitat fragmentation
processes is favored given the dependence
on biotic agents for this process. Other
experimental studies on the reproductive
biology and floral visitor interactions of
insect - pollinated Sophora tomentosa
and Crotalaria vitellina (Fabaceae) are
also self-compatible, with fruit and seed
production dependent on their pollinators
(Brito et al., 2010). In contrast, our study
showed a lower production of fruits by
cross-pollination compared to natural
pollination and pollination with own pollen.
A possible explanation is that it could be due
to the technique, some authors describe
that it is difficult to reach the stigma of
papilionaceous flowers because they are
protected by a fringe of erect hairs and
some stamens are not completely exposed
(Khorsand & Awolaja, 2020).
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Alternatively, it is possible that the low
production of fruits by cross-pollination
is due to the availability in the stigmatic
receptivity (Cruden, 1979), however, when
making the comparison between the
production of fruits of the treatments
by manual self-pollination and natural
pollination we found higher values.
Authors suggest that changes in floral
traits associated with the reproductive
system from xenogamy (crossbreeding) to
autogamy (selfing) are possibly associated
with flower size (Diego et al., 2019), which
influences the energy cost per flower (Breed
et al., 2012). Empirical studies have shown
that self-incompatible and xenogamous
species produce more pollen grains than
self-compatible and/or closely related
autogamous species (Fernandez et al.,
2009). We consider that M. mutisiana has
amixed reproductive system in which case
fruits are formed by natural pollination
and by self-pollination depending on a
pollinating agent. The count of pollen tubes
in 62 flowers shows that the proportion of
flowers that developed complete pollen
tubes was 0.79, higher than the proportion
of flowers with pollen tubes reaching the
base of the style with 0.22, the number of
pollen tubes per flower varied between 1to
7tubes. Unlike other floral characteristics,
the viability in obtaining optimal pollen
for the development of pollen tubes and
the subsequent formation of seeds in the
fruits would be determined by the number of
ovules per ovary, which varies depending on
the species under study (Mione & Anderson,
2022). In the grass known as Christmas
bells, Blandfordia grandiflora (Liliaceae),
in addition to being self-compatible under
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natural conditions, autogamous pollen preempts the ovules,
making them inaccessible for cross fertilization (Ramsey et al.,
2003). Self-compatible species may not necessarily produce
higher fruit production when successfully crossed given the
amount of pollen produced (Zapata & Arroyo, 1978; Cruden,
1979; Gibbs et al., 1999). However, it is possible that in many
self-compatible species, some degree of interbreeding occurs
through dichogamy (Bawa, 1974). Although a deeper study is
suggested for this topic, the formation of the pollen tubes that
reach the ovary, the production, and characteristics of the fruit,
after self-pollination or cross-pollination, could be evaluated
in populations with self-compatible heterozygous genotypes
in contrast to homozygous genotypes. self-compatible to know
how the effect of consanguinity manifests itself (Dicenta et
al., 2002).

In general, knowing the reproductive system of M. mutisiana
in the regions of the tropical dry forest in the Colombian
Caribbean suggests that, in the face of a mismatch in the
pollination system of this species, fruiting would be affected
given the close relationship for pollination by nectivorous
bats (Faegri & Pijl, 1979; Moura et al., 2018; Rebolledo
Conltreras, 2021). Along with self-compatibility, it is possible
that imbalances caused by changes in climatic conditions or
habitat loss and fragmentation in local areas would imply a
decrease in pollen deposited on the stigma of flowers, reducing
reproductive success (Ashman et al., 2004; Porcher & Lande,
2005; Eckert et al., 2010). This pollen limitation would be seen
mainly in late reproductive stages, mainly in the production
of flowers of the progeny (Husband & Schemske, 1996; Aguilar
et al., 2019). Authors suggest that species occurring in early
successional habitats tend to be self-compatible and/or
autogamous (Cruden, 1979). Different from those plants that
are usually established in habitats with later successions,
including tropical forest trees that are usually xenogamous
(Zapala & Arroyo, 1978). Thus, the variability of the reproductive
system of plants probably has a direct effect on the population
dynamics of forests (Ashman et al., 2004; Knight et al., 2005;
Bennett et al., 2018).

18



Revista Novedades Colombianas

Acknowledgments

This research was possible thanks to the funding made by
Idea wild with the contribution of equipment. We also want
to express our deep gratitude to the staff of the Coloso Forest
Reserve in Sucre - Colombia and Los Charcones Nature Reserve
in Atlantico - Colombia. Also, to the accompaniment of the Bioma,
Universidad del Atlantico, Department of Chemistry and Biology
of the Universidad del Norte.

References

Agostini, K. 2004. Ecologia da polinizacao de Mucuna sp. Nov.
(Fabaceae) no Litoral Norte de Sao Paulo, Brasil. 97fl. Dissertaciao
(mestrado) - Universidade Estadual de Campinas, Instituto de
Biologia, Campinas, SP.

Aguilar, R., Ashworth, L., Galetto, L.y Aizen, M.A. 2006. Plant
reproductive susceptibility to habitat fragmentation: review and
synthesis through a meta-analysis. Ecology Letters, 9, 968-980.
https://doi.org/10.1111/j.1461-0248.2006.00927.X

Aguilar, R., Cristobal, Pérez, E,J., Balvino, Olvera, F,J., Aguilar,
Aguilar, M., Aguirre, Acosta, N., Ashworth, L., Lobo, J.A., Martén,
Rodriguez, S., Fuchs, E,J., Sanchez, Montoya, G., Bernardello, G.y
Quesada, M. 2019. Habitat fragmentation reduces plant progeny
quality: a global synthesis. Ecology Letters, 22, 1163-1173. https://
doi.org/10.1111/ele.13272

Aizen, M.A., Ashworth, L.y Galetto, L. 2002. Reproductive success
in fragmented habitats: do compatibility systems and pollination
specialization matter? Journal of Vegetation Science, 13: 885-892.
https://doi.org/10.1111/j.1654-1103.2002.th02118.X

Aizen, M.A. y Feinsinger, P. 1994. Forest Fragmentation,
Pollination, and Plant Reproduction in a Chaco Dry Forest,
Argentina. Ecology, 75, 330-351. https://doi.org/10.2307/1939538

Ashman, T.-L., Knight, T.M., Steets, J.A., Amarasekare, P., Burd,
M., Campbell, D.R., Dudash, M.R., Johnston, M.O., Mazer,

||



Pollinator dependency determines the susceptibility to habitat fragmentation of Mucuna mutisiana (Kunth)

S.J., Mitchell, R,J., Morgan, M.T. y Wilson, W.G. 2004. Pollen
limitation of plant reproduction: Ecological and evolutionary
causes and consequences. Ecology, 85, 2408—-2421. https://doi.
0rg/10.1890/03-8024

Barros, E.C. de O., Webber, A.C. y Machado, 1.C. 2013. Limitacao
de polinizadores e mecanismo de autoincompatibilidade de
acao tardia como causas da baixa formacao de frutos em
duas espécies simpatricas de Inga (Fabaceae - Mimosoideae)
na Amazonia Central. Rodriguésia, 64, 37-47. https:/doi.
0rg/10.1590/52175-78602013000100005

Bawa, K.S. 1974. Breeding systems of tree species of alowland
tropical community. Evolution, 28, 85-92. https://doi.
org/10.1111/j.1558-5646.1974.th00729.x

Bennett, ].M., Steets, J.A., Burns, J.IH., Durka, W., Vamosi, J.C.,
Arceo-Gomez, G., Burd, M., Burkle, L.A., Ellis, A.G., Freitas,
L., Li, J., Rodger, J.G., Wolowski, M., Xia, J., Ashman, T.-L.y
Knight, T.M. 2018. GloPL, a global data base on pollen limitation
of plant reproduction. Scientific Data, 5, 180249. https://doi.
org/10.1038/sdata.2018.249

Breed, M.F., Gardner, M.G., Ottewell, K.M., Navarro, C.M.y
Lowe, A,J. 2012. Shifts in reproductive assurance strategies
and inbreeding costs associated with habitat fragmentation
in Central American mahogany: Reproductive assurance
shifts in mahogany. Ecology Letters, 15, 444-452. https://doi.
0rg/10.1111/j.1461-0248.2012.01752.X

Brito, V.L.G. de, Pinheiro, M. y Sazima, M. 2010. Sophora
tomentosa e Crotalariavitellina (Fabaceae): biologia reprodutiva
e interacoes com abelhas na restinga de Ubatuba, Sao Paulo.
Biota Neotropica, 10, 185-192. https://doi.org/10.1590/S1676-
06032010000100019

Cruden, RW. (1979) Pollen-Ovule Ratios: A Conservative
Indicator of Breeding Systems in Flowering Plants. Evolution.
1977 Mar;31(1):32-46. https://doi.org/10.1111/j.1558-5646.1977.
tho0979.x PMID: 28567723

20



Revista Novedades Colombianas

Dainese, M., Martin, E.A., Aizen, M.A., Albrecht, M., Bartomeus,
I., Bommarco, R., Carvalheiro, L..G., Chaplin-Kramer, R., Gagic,
V., Garibaldi, L.A., Ghazoul, J., Grab, H., Jonsson, M., Karp, D.S.,
Kennedy, C.M., Kleijn, D., Kremen, C., Landis, D.A., Letourneau,
D.K., Marini, L., Poveda, K., Rader, R., Smith, H.G., Tscharntke,
T., Andersson, G.K.S., Badenhausser, I., Baensch, S., Bezerra,
A.D.M., Caballero-Lopez, B., Cavigliasso, P., Classen, A., Cusser,
S., Dudenhofter, J.I1., Ekroos, ., Fijen, T., Franck, P., Freitas, B.M.,
Garratt, M.P.D., Gratton, C., Hipolito, J., Holzschuh, A., Hunt, L.,
Iverson, A.L.,Jha, S., Keasar, T., Kim, T.N., Kishinevsky, M., Klatt,
B.K., Klein, A.-M., Krewenka, K.M., Krishnan, S., Larsen, A.E.,
Lavigne, C., Liere, H., Maas, B., Mallinger, R.E., Pachon, E.M.,
Martinez-Salinas, A., Meehan, T.D., Mitchell, M.G.E., Molina,
G.A.R., Nesper, M., Nilsson, L., O’'Rourke, M.E., Peters, M.K.,
Ple, M., Ramos, D. de L., Rosenheim, J.A., Rundlof, M., Rusch,
A., Saez, A., Scheper, J., Schleuning, M., Schmack, J.M., Sciligo,
A.R., Seymour, C., Stanley, D.A., Stewart, R., Stout, J.C., Sutter, L.,
Takada, M.B., Taki, H., Tamburini, G., Tschumi, M., Viana, B.F.,
Westphal, C., Willcox, B.K., Wratten, S.D., Yoshioka, A., Zaragoza-
Trello, C., Zhang, W., Zou, Y. y Steffan-Dewenter, 1. 2019. A
global synthesis reveals biodiversity-mediated benefits for
crop production. Sci Adv. 2019 Oct 16;5(10): eaaxo121. https://doi.
org/10.1126/sciadv.aaxo121 PMID: 31663019; PMCID: PMC6795509.

Dicenta, F., Ortega, E., Canovas, J.A. y Egea, J. 2002. Self-
pollination vs. cross-pollination in almond: pollen tube growth,
fruit set and fruit characteristics. Plant Breeding, 121, 163-167.
https://doi.org/10.1046/j.1439-0523.2002.00689.X

Diego, C.E.N., Stewart, A.B. y Bumrungsri, S. 2019. Pollinators
Increase Reproductive Success of a Self-Compatible Mangrove,
Sonneratia ovata, in Southern Thailand. Tropical Nature History.
https://lio1.tci-thaijo.org/index.php/tnh/article/view/207689

Eckert, C.G., Kalisz, S., Geber, M.A., Sargent, R., Elle, E., Cheptou,
P.-0., Goodwillie, C., Johnston, M.O., Kelly, J.K., Moeller, D.A.,
Porcher, E., Ree, R.H., Vallejo-Marin, M. y Winn, A.A. 2010.
Plant mating systems in a changing world. Trends in Ecology
& Evolution, 25, 35-43. https://doi.org/10.1016/j.tree.2009.06.013




Pollinator dependency determines the susceptibility to habitat fragmentation of Mucuna mutisiana (Kunth)

Etcheverry, AV., Aleman, M.M., Figueroa-Fleming, T., Lopez-
Spahr, D., Gomez, C.A., Yanez, C., Figueroa-Castro, D.M. y
Ortega-Baes, P. 2011. Pollen:ovule ratio and its relationship
with other floral traits in Papilionoideae (LLeguminosae):
an evaluation with Argentine species. Plant Biology, 14: 171-
178. https://doi-org.ezproxy.uninorte.edu.co/10.1111/j.1438-
8677.2011.00489.X

Faegri, K. & Pijl, L. van der. 1979. The principles of pollination
ecology, 3d rev. ed. Pergamon Press, Oxford; New York.

Fernandez, V.A., Galetto, L. y Astegiano, J. 2009. Influence of
flower functionality and pollination system on the pollen size-
pistil length relationship. Organisms Diversity & Evolution, 9,
75-82. https://doi.org/10.1016/j.0de.2009.02.001

Gallardo, R., Dominguez, E. y Mu, J.M. 1994. Pollen-Ovule
Ratio, Pollen Size, and Breeding System in Astragalus
(Fabaceae) Subgenus Epiglottis: A Pollen and Seed Allocation
approach. American Journal of Botany, 81, 1611-1619. https://
doi.org/10.2307/2445339

Gibbs, P.E., Oliveira, P.E. y Bianchi, M.B. 1999. Postzygotic
Control of Selfing in Hymenaea stigonocarpa (Leguminosael]
Caesalpinioideae), a BatPollinated Tree of the Brazilian
Cerrados. International Journal of Plant Sciences, 160, 72—-78.
https://doi.org/10.1086/314108

Hokche, O. y Ramirez, N. 2016. Autoincompatibilidad en
especies de Bauhinia L (Fabaceae: Caesalpiniodeae) en
Venezuela. Memorias del Instituto de Biologia Experimental, 8,
105-108. https://www.researchgate.net/publication/322641310_
Autoincompatibilidad en_ especies_de Bauhinia L _
Fabaceae_ Caesalpiniodeae_en_Venezuela

Husband, B.C. y Schemske, D.W. 1996. Evolution of the
Magnitude and Timing of Inbreeding Depression in Plants.
Evolution, 50: 54-70. https://doi.org/10.1111/j.1558-5646.1996.
tho4472.x

22



Revista Novedades Colombianas

Johnson, S.D., Peter, C.IL., Nilsson, L.A. y Agren, J. 2003. Pollination
success in a deceptive orchid is enhanced by co-occurring
rewarding magnet plants. Ecology, 84, 2019-2927. https://doi.
0rg/10.1890/02-0471

Johnson, S.D. y Steiner, K.E. 2000. Generalization versus
specialization in plant pollination systems. Trends in Ecology
& Lvolution, 15, 140-143. https://doi.org/10.2307/177018

Khorsand, R.S. y Awolaja, O. 2020. Breeding System and
Pollination of Thermopsis divaricarpa (Fabaceae: Papilionoideae)
in the Southern Rocky Mountains. Western North American
Naturalist, 80(4), 509-520, (31 December 2020). https://doi.
018/10.3398/064.080.0408

Knight, T.M., Steets, J.A., Vamosi, J.C., Mazer, S.J., Burd, M.,
Campbell, D.R., Dudash, M.R., Johnston, M.O., Mitchell, R,J. v
Ashman, T.-L. 2005. Pollen Limitation of Plant Reproduction:
Pattern and Process. Annual Review of Ecology, Evolution,
and Systematics, 36, 467-497. https://doi.org/10.1146/annurev.
ecolsys.36.102403.115320

Kobayashi, S., Gale, SW., Denda, T. & Izawa, M. (2019) Civet
pollination in Mucuna birdwoodiana (Fabaceae: Papilionoideac).
Plant Ecology, 220, 457-466. https://doi.org/10.1007/511258-019-
00927-y

Kobayashi, S., Hirose, E., Denda, T. y Izawa, M. 2018. Who can
open the flower? Assessment of the flower opening force of
mammal-pollinated Mucuna macrocarpa: Operative force of
M. macrocarpa. Plant Species Biology, 33, 312-316. https://doi.
0rg/10.1111/1442-1984.12221

Koptur, S. 2022. Outcrossing and Pollinator Limitation
of Fruit Set: Breeding Systems of Neotropical Inga Trees
(Fabaceae: Mimosoideae). Evolution, 38: 1130-1143. https:/doi.
0rg/10.1111/j.1558-5646.198 4.th00381.X

Mione, T. y Anderson, G.J. 2022. Pollen-Ovule Ratios and
Breeding System Evolution in Solanum Section Basarthrum

|z |



Pollinator dependency determines the susceptibility to habitat fragmentation of Mucuna mutisiana (Kunth)

(Solanaceae). American Journal of Botany, 79(3), 279-287. https://
doi.org/10.2307/2445016

Moura, T.M.D., Lewis, G.P., Mansano, V.F.y Tozzi, AM.G.A. 2018.
Arevision of the neotropical Mucuna species (Leguminosae—
Papilionoideae). Phytotaxa, 337, 1. hitps://doi.org/10.11646/
phytotaxa.337.1.1

Porcher, E.y Lande, R. 2005. The evolution of self-fertilization
and inbreeding depression under pollen discounting and pollen
limitation: Pollination biology and evolution of selfing. Journal
of Evolutionary Biology, 18, 497-508. https://doi.org/10.1111/
j.1420-9101.2005.00905.X

Ramsey, J., Bradshaw, H.D.y Schemske, D.W. 2003. Components
of reproductive isolation between the monkeyflowers Mimulus
lewisii and M. Cardinalis (phrymaceae). Evolution, 57, 1520-1534.
https://doi.org/10.1111/.0014-3820.2003.th00360.X

Rebolledo Contreras, M. 2021. Polinizacion de Mucuna
mutisiana (Kunth) D.C. por murcié¢lagos Glossophaga soricina
y Glossophagalongirostris (Phyllostomidae: Glossophaginae)
en el Bosque Seco Tropical (BsT) al norte de Colombia. Revista
Novedades Colombianas, 16, 77-99. https://doi.org/10.47374/
novcol.2021.v16.1945

Roberts, R.B. 1971. Plants and Their Pollinators: Insect
Pollination of Crops. John B. Free. Academic Press, New York,
1970. Xil, 544 pp., Science, 172, 1226-1226.

Saborio, M.y De la Costa, C.P. 1992. Autoincompatibilidad en
Capsicum pubescensl. Agronomia Costarricense 16(2), 279-286.
https://www.mag.go.cr/rev_agr/vienoz_279.pdf

da Silva Elias, M.A., Franceschinelli, EV., Juen, L., Alves Borges,
FJ., Ferreira, G.M. y de Carvalho, F.M.V. 2012. Reproductive
success of Cardiopetalum calophyllum (Annonaceae) treelets
in fragments of Brazilian savanna. Journal of Tropical Ecology,
28, 317-320. https://doi.org/10.1017/5S0266467412000120




Revista Novedades Colombianas

Wilcock, C.yNeiland, R. 2002. Pollination failure in plants: why it
happens and when it matters. Trends in Plant Science, 7, 270-277.
https://doi.org/10.1016/51360-1385(02)02258-6

Willmer, P. 2011. Pollination and floral ecology, Princeton
University Press, Princeton, N.J. https://doi.org/10.23943/
princeton/9780691128610.001.0001

Zapata, T.R. & Arroyo, MT K. (1978) Plant Reproductive Ecology of
a Secondary Deciduous Tropical Forest in Venezuela. Biotropica,
10, 221. https://doi.org/10.2307/2387907




