Reproductive success of Cabralea canjerana (Meliaceae)
in Atlantic forest fragments, Brazil
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Abstract: In Brazil, the Atlantic forest remnants have high biological diversity and a high level of endemism,
but very little is known about the reproductive success of native species. Cabralea canjerana is a common tree in
the Montane Atlantic forest, and its reproduction is highly dependent on pollinators. In order to contribute with
the particular knowledge on this species, we collected data in three fragmented and three continuous forest sites,
where the effects of fragmentation on both mutualistic (pollination) and antagonistic (seed predation) interac-
tions were analysed. We determined fruit production and weight of 25 trees per site. The number of seeds and
the percentage of predated and aborted seeds were also accessed for seven fruits of 10 trees per site. Pollinator
visitation frequencies to flowers were recorded in two forest fragments and in two sites of the continuous forest.
Our data showed that plants of C. canjerana produced more fruits (z-value=-8.24; p<0.0001) and seeds per fruit
(z-value=-6.58; p=0.002) in the continuous than in the fragmented sites. This was likely due to differences in
pollination, because the number of pollinator visits was higher in the continuous forest than in the fragments.
Seed abortion (z-value=4.08, p<0.001) and predation (z-value=3.72, p=0.0002), on the other hand, were higher
in the fragmented than in the continuous sites. Then, mutualistic and antagonistic interactions were affected by
fragmentation, decreasing the reproductive success of the study tree. This study was the first to show a decrease
in the reproductive output in forest fragments in an Atlantic forest tree species. This decrease may threaten the
population structure and viability of C. canjerana in forest fragments. Rev. Biol. Trop. 63 (2): 515-524. Epub
2015 June O1.

Key words: Cabralea canjerana, fruit production, habitat fragmentation, plant-pollinator interaction, moth pol-
lination, reproductive success, pre-dispersal seed predation, seed set.

Habitat fragmentation may disrupt plant-
pollinator interactions by changing the abun-
dance and/or the identity of floral visitors
(Lovejoy, 1980; Roubik, 1993; Aizen, & Feins-
inger, 1994a; Aizen, & Feinsinger, 1994b;
Matheson, Buchamann, O’Toole, Westrich, &
Williams, 1996; Murcia, 1996; Prach, Pysek,
& Smilauer, 1997). Because floral visitors can
differ in their ability to transfer pollen, chang-
es in the pollinator assemblages following
fragmentation may affect plant reproductive

success (Aizen, & Feinsinger, 1994b). Studies
conducted during the past few decades show
that fragmentation may affect the reproduction
of various plant species in different ways. Most
of these studies show decreases in the richness
and abundance of pollinators and in the number
of pollinator visits in response to fragmenta-
tion, leading to a decrease in the reproductive
output of plants (Aizen, & Feinsinger, 1994a;
Kolb, 2008). In contrast, other studies found no
changes in the reproductive output of plants in
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fragmented habitats (e.g., Aldrich & Hamrick,
1998; Dick, 2001; Lopes, & Buzato, 2007,
Aguirre, & Dirzo, 2008). Fragment size may
affect plant reproductive output also without
any change in pollinator frequency or richness
(Ghazoul, 2005; Wagenius, & Lyon, 2010).
Plant fertility may be affected by habitat frag-
mentation indirectly through abiotic changes
(Kwak, Velterop, & Andel, 1998), for example,
in the light intensity and the availability of
water and nutrients in the soil (De Jong, &
Klinkhamer, 1989; Saunders, Hobbs, & Mar-
gules, 1991).

Abiotic changes caused by habitat frag-
mentation may also affect the predation rate on
plant reproductive structures owing to changes
in the local animal community (Cunningham,
2000). Seed predation is an important eco-
logical interaction that may directly impact
plant fertility. In some cases, seed predators
may cause abortion of the entire fruit (Greig,
1993). Seed predation by insects may change
the recruitment rate and the abundance of the
host plant (e.g., Jules, 1998; Louda, 1982).
Several studies have investigated seed pre-
dation in fragmented landscapes and have
shown that it may increase with fragmentation
(Orrock, Danielson, & Burns, 2003; Fleury, &
Galetti, 2006; Galetti, Donatti, & Pires, 2006;
Orrock, Levey, & Danielson, 2006). Similarly
to plant-pollinator interactions, other studies
showed the opposite pattern, where antago-
nistic interactions may also be disturbed by
fragmentation; possibly because the abundance
and diversity of antagonistic animals in small
populations of plants offer fewer resources to
herbivores and seed predators (Colling, & Mat-
thies, 2004; Kéry, Matthies, & Fischer, 2001;
Ehlers, & Olesen, 2003).

Effects of habitat fragmentation on plant-
pollinator interaction in the Neotropical region
have been studied in the Argentinean Chaco
(Aizen, & Feinsinger, 1994a; 1994b; Aguilar,
& Galetto, 2004), in Mexico (Quesada, Stoner,
Rosas-Guerrero, Palacios-Guevara, & Lobo,
2003; Quesada et al., 2004) and in Costa Rica
(Cascante, Quesada, Lobo, & Fuchs, 2002).
Few studies have been conducted in Brazil

(Dick, 2001; Lopes, & Buzato, 2007; Dunley,
Freitas, & Galetto, 2009; Elias et al., 2012;
Melo, Oliveira, & Franceschinelli, 2014), and
only two were performed in the Atlantic forest
(Lopes, & Buzato, 2007; Dunley et al., 2009),
but none has examine the effect of fragmenta-
tion concomitantly on mutualistic (pollination)
and antagonistic (seed predation) interactions
in this biome. Atlantic forest originally occu-
pied an area of 360000km? extending from
Northeastern to Southern Brazil. Now, only 7%
of this area is covered with natural forest. The
remnants of the original forest consist of many
small fragments, several medium-sized tracts
and a few continuous areas of forest (Tabarelli,
Montovani, & Peres, 1999). These remnants
have high biological diversity and a high level
of endemism (Pinto, Hirota, & Fonseca, 2002),
but little is known about the reproductive status
of native species.

The present study aims to evaluate pollina-
tion, seed predation and reproductive success
of plants of Cabralea canjerana subsp. canjer-
ana (Vell.) Mart. in continuous and in isolated
forest fragments of the Atlantic forest. This
subspecies is a dioecious tree whose reproduc-
tion is highly dependent on pollinators. Forest
fragmentation affects negatively the popula-
tion density of C. canjerana (Santos and Ono,
unpublished data). However, the effects of
forest fragmentation on its reproductive suc-
cess have not yet been studied. Here, effects of
fragmentation on mutualistic (pollination) and
antagonistic (seed predation) interactions were
analysed to examine how these may influence
plant reproductive success. Specifically, we
examined pollinator visitation rates and deter-
mined the reproductive success in terms of fruit
and seed productions as well as in terms of the
intensity of pre-dispersal seed predation. We
predicted that pollinator visitation rates would
be lower in the fragments than in the con-
tinuous forest, resulting in lower fruit and seed
production. Although seed predation rates may
increase or decrease in fragmented habitats, we
expected lower plant fertility in fragments than
in continuous areas of the Atlantic forest.
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MATERIALS AND METHODS

Study site: The study area is located in
the Serra da Mantiqueira, Southern Minas
Gerais State, in the municipalities of Caman-
ducaia and Gongalves, Brazil (22° 44’ S, 45°
56> W, Fig. 1). The predominant vegetation
type is wet montane forest. The matrix sur-
rounding the studied fragments is composed
of small farms with pasture, potato and carrot

fields. Few C. canjerana trees occur in the
surrounding matrix.

Three fragments (F1, F2 and F3) and three
sites in the continuous forest (C1, C2 and C3)
were sampled between October of 2001 to
October of 2002 (Fig. 1, Table 1). The dis-
tances between sampling sites varied from 1.0
to 8.5km. These sites were selected according
to the characteristics of the access, size, and
mainly to the occurrence of C. canjerana trees.

TABLE 1
Geographical coordinates and characteristics of the sites where Cabralea cajerana (Vell.) Mart. was sampled. Plant
density is the number of plants >5cm DBH in lha (Santos and Ono, unpublished data)

Sites Altitude (m) Geograpical Coordinates (°,’,”/°,’,”) Size (ha) Density (plant/ha)
Cl 1750 2242 39/455554 3003 221
C2 1810 224235/455541 3003 249
C3 1899 22434/455552 3003 237
F1 1590 224118/45546 18 76
F2 1745 2242 19/455843 44 95
F3 1 620 22410/45570 123 87

Note: DBH is diameter at the breast height.
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Fig. 1. Sampled sites within three fragments and within a continuous Atlantic forest area in Southern Brazil.
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In general, continuous sites are better preserved
than the fragments. C1 has experienced selec-
tive logging in the past; however, the pres-
ent owner protects the area from any further
disturbance. C2 appears well preserved but
shows evidence of earlier selective logging. C3
appears better preserved than C2 and shows no
evidence of recent logging. Two isolated frag-
ments (F1 and F2) exhibited strong evidence of
selective logging and cattle grazing. F1 was the
smallest study fragment (18ha) and F3 was the
largest (123ha) (Fig. 1), but F3 has been dis-
turbed by selective logging and grazing. Such
as expected, continuous forest sites were better
preserved than fragmented ones.

Study species: Cabralea canjerana subsp.
canjerana is a very common tree of the mon-
tane forests of Southern Minas Gerais State
(Franga, & Stehmann, 2004), where plants
can reach 25m tall. It is found in the forests of
Central and South America. It has compound
pinnate leaves and axillary to cauliflorous
inflorescences. This species is dioecious, with
white flowers that open at night and are pol-
linated by moths (Franceschinelli et al., unpub-
lished data). The fruits of this subspecies are
red loculicidal capsules with a fleshy pericarp.
They contain 1-5 diaspores, which consist of
one or two seeds united by the aril. The seeds
are ellipsoid and are partially (sometimes com-
pletely) covered by the aril. Closed ripe fruits,
open fruits and flower buds may occur simul-
taneously on the same plant due to the long
period of fruit development (Franceschinelli
et al., unpublished data). The voucher of the
species studied is: Herbarium IAC 38690, R.B.
Torres, & C.S. Figueiredo 926.

This species was selected because it is
abundant in the study area; it occurs primarily
in the forest understory and has cauliflory and
large red fruits, making it easy to observe its
flowers and fruits. The seed aril of C. canjer-
ana is a very important food source for many
species of birds and mammals (Pizo, 1997;
Carmo, 2005). This species is also valuable for
the regeneration of degraded areas (Nobrega
et al., 2008). Besides, its wood was used in

carpentry, primarily for roofing and fencing in
Southern Brazil (Carvalho, 1994).

Measurements: In each site, all fruits of
25 plants of 7-11m tall were counted when
developed but not yet opened. These plants
were randomly selected, but trees located in
forest edges were avoided. Seven fruits ran-
domly selected from each of these 25 plants
were weighted. Seven fruits of 10 plants
(selected at random out of the previous 25
trees) were sampled to count the number of
seeds per fruit. In those fruits, the number of
aborted seeds was counted. Viable seeds may
be attacked by dipteran larvae inside the fruit
(Carmo, 2005). Thus, seeds attacked by larvae
were also counted.

Pollinator visit frequencies (number of vis-
its in 30min) to C. canjerana subsp. canjerana
flowers were recorded in two forest fragments
(F1 and F2) and in two areas of the continuous
forest (C1 and C2). Four randomly selected
plants in each area were observed from 20:00
to 22:30h and from 04:00 to 06:30h. Trees
located in forest edges were avoided. The
observation period lasted 30min per plant and
each plant was observed twice or three times
per night. Only one inflorescence was observed
in each period. A visit was counted as soon
as the pollinator visited the flowers to collect
nectar. Pollinators visit only few flowers in
each visit to an inflorescence of C. canjerana
(Carmo, 2005). Each time a pollinator visits an
inflorescence, we counted only one visit to this
inflorescence, independently of the number of
flowers visited in it. The plants observed had
similar sizes (8 to 10m tall) and numbers of
inflorescences (4 to 6 inflorescences). Each
area was sampled for five hours during the
flowering peak of C. canjerana (October and
November). Some floral visitors were collected
and taken to the laboratory to verify the pres-
ence of pollen grains on their body.

To test if fragmentation affects C. can-
jerana reproductive success, we used general-
ized linear mixed models (GLMMs, Bolker et
al. 2009) with reproductive success measures
and pollinator visit rates of C. canjerana as
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response variables and fragmentation status
(continuous vs. fragmented landscape) as the
predictor variable. In the models for fruit set,
each individual plant was a data point, and site
identity was used as a random effect to control
for the non-independence of the observations
made in trees at the same site. In the models
for fruit weight, aborted, predated and total
seed number, each fruit was a data point and
plant identity nested by site identity were used
as random effects. In the pollinator visit rate
model, each 30min observation period was
used as a replicate, with site identity as a ran-
dom effect. We used a Poisson error structure
with log link for the fruit set, aborted, predated
and total seed number and number of pollina-
tor visits models and a Gaussian error structure
with identity link for the fruit weight model.
All analysis were performed on the R environ-
ment (R Development Core Team, 2008), using
the package lme4 (Bates, Maechler, Bolker, &
Walker, 2014).

RESULTS

Cabralea canjerana produced on average
71.7 (£71.0) fruits in continuous forest and
18.5 (¢18.3) fruits in fragments, which means
74% less fruits in the fragmented than continu-
ous forest (z-value=-8.24; p<0.0001). The seed
number per fruit followed the same pattern,
with plants producing on average 6.2 (£1.5)
seeds per fruit in fragments and 8.2 (+1.3)
seeds per fruit in continuous forest; which
means 23% less seeds set in fragments than in
continuous forest (z-value= -6.58; p=0.002).
However, there was no difference in mean fruit
weight between forest types (t-value=-1.641,
p=0.104). In continuous forest, fruits weight
was on average 5.23g (£1.7) and in fragments
4.6 (£1.7).

The average proportion of aborted seed
per fruit was 0.62 (£0.25) in fragments and
0.23 (£0.15) in continuous forest. Therefore,
fragments presented 2.1 times more aborted
seeds (z-value=4.08, p<0.001) than continu-
ous forest. The average proportion of predated
seed per fruit was 0.33 (£0.18) in fragments

and 0.07 (£0.08) in continuous forest, resulting
in 4.6 times more predated seeds in fragments
compared to continuous sites (z-value=3.72,
p=0.0002).

Pollen grains were observed on the bodies
of the collected moths. However, it was not
possible to count them, because of the presence
of body scales that easily mixed with the pol-
len grains, when we tried to remove them. The
average number of visits by pollinators was
lower in fragments (10.24+4.6) than in continu-
ous forest (5.6£3.0), showing a 45% decrease
in pollinator visit rate per inflorescence per tree
in the fragments when compared to the con-
tinuous forest (z-value=-3.94, p<0.001).

DISCUSSION

Lower fruit and seed set in plants of
small habitat fragments have been observed
for many species of tropical and temperate
vegetation (e.g., Jennersten, 1988; Jennersten,
& Nilsson, 1993; Aizen, & Feinsinger, 1994a;
Byers, 1995; Oostermeijer, Altenburg, & den
Nijs, 1995; Agren, 1996; Cunningham, 2000;
Quesada et al., 2003). Other species either do
not show any different response in reproductive
output between fragmented and continuous for-
est or present even higher reproductive output
in smaller fragments and open areas than in
continuous forest (e.g., Costin, Morgan, &
Young, 2001; Dick, 2001; Lopes, & Buzato,
2007; Dunley et al., 2009). Some authors argue
that the influence of fragment size and qual-
ity depends on the habitat requirements of the
plants and the pollinators (Aizen, & Feinsinger,
1994b; Kwak, et al. 1998; Donaldson, Nénni,
Zachariades, & Kemper, 2002; Quesada, 2003)
and those different groups of species respond
differently to habitat fragmentation (Kwak et
al., 1998). Cabralea canjerana is an example
of a species that shows a reduction in its repro-
ductive success in fragmented habitats. Plants
of C. canjerana produce lower fruit, seed per
fruit and higher seed predation in fragments
than in continuous forest.

Several plant characteristics may contrib-
ute to the decrease in reproductive success in
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fragmented habitats, such as pollinator depen-
dence and self-incompatibility (Rathcke, &
Jules, 1993; Aguilar, Ashworth, Galetto, &
Aizen, 2006). Sexual system may be another
important trait that influences the reproductive
output in fragmented habitats. It is probable
that the occurrence of male and female flowers
in separate plants makes C. canjerana totally
dependent on pollinators and vulnerable to
their population decreases. The low reproduc-
tive success of plants in isolated areas may
result from the lower visitation rate of their
pollinators to their flowers.

The low visitation rate of pollinators to
C. canjerana flowers in fragments may have
caused not only the deposition of low num-
bers of pollen grains on stigmas, but prob-
ably lower-quality pollen loads. Moths do not
carry large numbers of pollen grains. Although
they are efficient at transferring pollen to the
stigma, they generally must visit each flower
more than once to deposit sufficient pollen
grains to fecundate every ovule (Young, 2002).
Because pollinators visit only few flowers in
each visit to an inflorescence of C. canjerana
(Carmo, 2005), probably high visit frequency is
important to increase the pollination efficiency
and the reproductive success of this species.
Variation in visitation rate among fragments of
different sizes was also found for other species
(Powell, & Powell, 1987; Jennersten, 1988;
Quesada et al., 2004).

Fragmentation was negatively related to
the density and size of C. canjerana in the
areas studied (Santos, & Ono, unpublished
data). More intensive selective logging of C.
canjerana in the fragments than in continuous
forest may have contributed to the decrease
in density and plant size in fragments. This
may have affected pollination process and
reproductive success of C. canjerana in frag-
mented sites. These populations have also
showed higher rates of inbreeding than popula-
tions of the continuous forest (Carmo, 2005),
which may influence plant fertility as well.
Although variations in pollinator visits in dif-
ferent areas are generally related to population
size and flower abundance (Murcia, 1990), in

C. canjerana, this variation may also be related
to differences in the amount and quality of the
food resource for the moth larvae. According
to Faegri & Pijl (1979), the presence of moths
in an area depends more on the occurrence of
the plants used by the larvae than on the occur-
rence of the plants used by the adults. The food
resources for the moth larvae may be lower in
the fragmented than in the continuous forest.

The reproductive success of C. canjerana
was also influenced by seed consumers. In C.
canjerana, the number of pre-dispersed seeds
damaged by dipteran larvae is higher in frag-
mented than in continuous forest. Other studies
have found similar results (Didham, Ghazoul,
Stork, & Davies, 1996; Kruess, & Tscharntke,
1994; Santos, & Telleria, 1994; Simberloff,
1993). High seed predation in fragmented areas
has been related to the greater fruit exposure to
seed predators and to abiotic variations in fac-
tors such as temperature, sunlight and humid-
ity that may influence the populations of seed
predators. According to Groom (2001), the
high number of predated seeds in small frag-
ments may be related to the impact of fragmen-
tation on the predators of seed consumers. The
large amounts of plant diversity generally pre-
sented in continuous forest reduce the ability of
herbivores to find their host plants (Hamback,
& Beckerman, 2003). Cabralea canjerana,
which is an understory species, would be bet-
ter protected from seed preys in the continuous
forest, where larger numbers of other plants
occur. However, some studies have found that
seed predator populations may be disturbed by
fragmentation, because plant populations are
small and less attractive to seed predators in
fragments (Zabel, & Tscharntke, 1998; Farwig,
Bleher, von der Gonna, & Bohning-Gaese,
2008; Herrerias-Diego, et al. 2008).

This study is the first to show a decrease
in the reproductive output of an Atlantic forest
plant species in fragments. Research on the
population viability would be important for
assessing the future of this species in these for-
est fragments, especially if population growth
rate of C. canjerana is sensitive to changes in
fruit and seed production. Moreover, the low
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reproductive success found in the study frag-
ments may be occurring in other fragments
and plant species of the Atlantic forest. This
problem may drastically affect the viability
of populations in forest fragments, decreasing
species diversity in the future and compromis-
ing the conservation of this fragmented biome.
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RESUMEN

Exito reproductivo de Cabralea canjerana (Melia-
ceae) en fragmentos de bosque del Atlantico, Brasil. En
Brasil, los remanentes de bosque del Atlantico tienen una
alta diversidad biologica y un alto nivel de endemismo,
pero se conoce muy poco sobre el éxito reproductivo de las
especies nativas. Canjerana cabralea es un arbol comtn en
el bosque Atlantico Montano y su reproduccion es altamen-
te dependiente de los polinizadores. Con el fin de contribuir
con el conocimiento particular de esta especie, se recogie-
ron los datos en tres sitios fragmentados y tres de bosques
continuos, donde se analizaron los efectos de la fragmen-
tacion tanto en relaciones mutualistas (polinizacion) como
interacciones antagonicas (depredacion de semillas). Se
determino la produccion de frutos y el peso de 25 arboles.
También se calculd el nimero de semillas y el porcentaje
de semillas depredadas y abortadas en 7 frutos de 10 arbo-
les por sitio. Frecuencia de visitas de polinizadores a las
flores se registraron en dos fragmentos de bosque y en dos
sitios de bosque continuo. Nuestros datos muestran que las
plantas de C. canjerana produjeron mas frutos (Z=-8.24;
p<0.0001) y semillas por fruto (Z=-6.58; p=0.002) en el
continuo que en los sitios fragmentados. Esto fue probable-
mente debido a las diferencias en la polinizacion, porque el
numero de visitas de polinizadores fue mayor en el bosque
continuo que en los fragmentos. Por otro lado, el aborto
de semillas (Z=4.08, p<0.001) y la depredacion (Z=3.72,
p=0.0002) fueron mayores en los sitios fragmentados que
en los continuos. Entonces, las interacciones mutualistas

y antagoénicas se vieron afectadas por la fragmentacion,
disminuyendo el éxito reproductivo del arbol estudiado.
Este estudio fue el primero en mostrar una disminucion en
el rendimiento reproductivo en los fragmentos de bosque
en una especie de arboles forestales atlanticos. Esta dismi-
nucion puede poner en peligro la estructura de la poblacion
y la viabilidad de C. canjerana en fragmentos de bosque.

Palabras clave: Cabralea canjerana, fragmentacion del
habitat, interaccion planta-polinizador, polinizacion por
polilla, depredacion de semillas, produccion de semillas,
produccion de frutos.
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