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a b s t r a c t

Predispersal seed predation (PSP) by insects was studied in a plant community of the Venezuelan

Central Plain (VCP). The main goal was to examine to what extent vegetation structure and fruit–seed

attributes determined the incidence of PSP by insects at the community level. We studied a total of 187

species from 59 families, in five habitat types. The proportion of seed-predated plant species (N¼89;

47.6% of the total) was explained by different factors such as the abundance of legume families, plant

species richness, fruit dehiscence, seed biomass, and starch content. Coleoptera was the most diverse

taxonomic order of insect seed predators, with Bruchidae and Curculionidae showing the largest

number of genera and species, followed by Lepidoptera (Pyralidae). Bruchidae and Pyralidae, but not

Curculionidae, tended to be separated according to vegetation attributes, such as vegetation structure

and flowering and fruiting phenology. In addition, Bruchidae was associated with dehiscent fruits,

legumes, epizoochory, and granivory, whereas Curculionidae was more related with indehiscent fruits

and endozoochory, and Pyralidae with abiotic seed dispersal. Bruchid larvae tended to prey upon single

seeds, whereas larvae of Lycaenidae usually preyed upon more than one seed per fruit; Curculionidae

did not show any clear pattern on this. One larva developing in a single seed (Type I) was the most

common type of PSP, closely followed by one or more larvae developing outside seeds within the fruit

(Type II). Type III (seed predation by adult insects inside the fruit) was the least common. Type I appears

to occur most frequently in climbers, in the forest–savanna transition habitat, and in those cases in

which insect adults emerged during the rainy season. By contrast, Types II and III tended to be

associated with annual herbs, the lowest stratum (0.05–0.6 m), and disturbed areas. Moreover, Type I

was usually found in samaras, drupes, and indehiscent fruits, whereas Type II and Type III were more

commonly observed in capsules. Type I and Type II seeds differed in their nutritional composition,

which in turn appears to affect seed predation specialization. The number of insect seed predator

species and plant richness per habitat were positively correlated. The number of seed predator species

was associated with the abundance of trees and climbers because more complex plant life forms offer a

large variety of resources, woody species frequently had fruits and seeds larger than herbaceous

species, and trees and climbers showed the lowest values of host specificity. To our knowledge, this

study is the first one that characterizes the community of predispersal seed predators and

simultaneously evaluates ecological, morphological, and nutritional factors determining the groups of

seed predators and how PSP occurred.

& 2010 Rübel Foundation, ETH Zürich. Published by Elsevier GmbH. All rights reserved.

Introduction

Predispersal seed predation (PSP, hereafter) by insects is one of
the plant–animal antagonists relationships that have received less
attention in community-level studies. Previous work has evalu-
ated PSP by all insects (Raimúndez, 2000) or have limited to a
specific group, such as coleopterans (Janzen, 1980). Other studies
are restricted to a few numbers of plant species (Ernst et al.,

1990), a few related plant species (Zwölfer and Brandl, 1989;
Miller, 1996) or plant families on regional flora (Jermy and
Szentesi, 2003). However, community characterization of predis-
persal seed predator species on the basis of major groups of insect
seed predators, predation forms, and its relation with vegetation
structure and richness have not been examined.

PSP can be studied both from the plants and the animals’
viewpoints. From the plant’s side, PSP may represent an
important reduction on plant reproductive potential during the
predispersal phase (e.g., Steffan-Dewenter et al., 2001; Ribas-
Fernández et al., 2009; Kolb et al., 2007 and references therein).
On the contrary, it may not be important for plant population
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dynamics (Szentesi and Jermy, 2003; Kolb et al., 2007; and
references therein). In any case, the effect of PSP on plant
reproductive success is highly variable in time and space (Moore,
1978; Ramı́rez and Arroyo, 1987a, b; Traveset, 1995; Wright,
1994; Kolb et al., 2007, and references therein). From the animal’s
perspective, seeds represent a resource to breed or feed upon
directly. PSP is characterized by seed consumption frequently
when seeds are not completely developed, and thus are not
dispersed yet. The guild of predators that prey upon seeds at this
time is usually different from that consuming the seeds once they
have been dispersed.

In addition, there are different types of PSP depending on (1)
the insect stage (larva or adult) consuming the seeds, (2) whether
one or more larvae develop inside a fruit, and (3) whether a larva
consumes one or more seeds within a fruit (Center and Johnson,
1974). In general, these particularities may influence the level of
specialization of insect in the use of the resource. In this context,
the evolution of herbivore guilds may strongly depend on the way
that host resource is exploited: endophytic species which live as
larvae within spatial compartments require more precise mor-
phological adaptations to specific hosts than ectophytic species
(Zwölfer and Brandl, 1989). By analogy, we might expect a lower
specialization in those cases in which larvae consume several
seeds from outside and when adult insects prey upon the seeds
than when a single larva develops inside each seed. Therefore,
endophytic guilds are considered more specialized than the
external feeders (Novotny and Basset, 2005) or quasi-endopha-
gous PSP (Szentesi and Jermy, 1995).

Evolutionary interactions between plant and their natural
enemies are mediated by the ability of the plant enemy to attack
its host, and the ability of the host plant to resist such attack
(Marquis and Alexander, 1992). Those plant traits avoiding or
ultimately allowing insect seed predation result from evolution-
ary interactions, and represent, in ecological terms, those factors
structuring the community of seed predators and their host
plants. These plant–insect interactions at the community level
are constructed from plant and insect adaptations, which
include ecological, morphological, chemical, and behavioral traits.
Previous studies have pointed out that seed predation intensity
may be affected by four major categories of attributes:

(a) Vegetation traits: Plant reproductive phenology (i.e. Janzen,
1977b, 1980; Forget et al., 1999), host plant population size
(Östergård and Ehrlén, 2005; Arvanitis et al., 2007), spatial
distribution of host plants (Bach, 1988; Turchin, 1991;
Arvanitis et al., 2007), vegetation disturbance (Notman and
Gorchov, 2001), and plant life form (Raimúndez, 2000).

(b) Morphological and morphometrical traits of fruits and seeds: Are
the most widely recognized attributes influencing the degree
of seed predation (Janzen, 1969, 1977a, b; Center and Johnson,
1974; Mitchell, 1977; Moore, 1978; Siemens et al., 1992;
Miller, 1996; Raimúndez, 2000; Moles et al., 2003). Among
morphological traits, seed size seems to play an important
role, because preference of seed predators often is determined
by size constraints (Honek et al., 2007) and host specificity
may be related to seed size (Center and Johnson, 1974; Miller,
1996). In addition, morphological traits of fruits and seeds are
in many cases intimately related with dispersal mode
(Jordano, 1995), and therefore may have interactions and
consequences different with PSP (Sallabanks and Courtney,
1992; Wang and Smith, 2002).

(c) Chemical properties of seeds: The relative immunity of seeds to
insect attack may be due, at least partly, to the high
concentrations of toxic secondary compounds (Bell and
Janzen, 1971; Janzen, 1973, 1977a; Rehr et al., 1973a;

Rosenthal et al., 1977; Bowers, 1988; Kestring et al., 2009).
Moreover, toxic compound in seeds are very important
because several larvae have become specialized on those
substances (Bleiler et al., 1988) and, thus, are likely to be
partly responsible for the extreme host-specificity shown by
seed-eating insects (Janzen et al., 1977). In this sense,
chemicals are probably effective against generalist predators
but not against specialist that have evolved counter-adapta-
tions (Sallabanks and Courtney, 1992). Specialized predation
by insects on toxic seeds is accompanied by adaptation of
degradation and detoxification of toxic products (Rehr et al.,
1973b). By the contrary, high concentrations of toxic
compounds may be induced in seeds from infested fruits,
which may affect insect development (Kestring et al., 2009).

(d) The nutritional composition of seeds: This has been poorly
examined in the context of PSP. However, Sallabanks and
Courtney (1992) suggest that insect larvae depend on
nutritional quality of fruit for survival. A previous study by
Kelrick et al. (1986) had found that seed preferences by
rodents (post-dispersal seed predators) were strongly influ-
enced by their soluble carbohydrate content. A more recent
study has also shown that seeds with high fat concentrations
are harvested more quickly by rodents (Xiao et al., 2006).

Our general goal in this study is to identify the relative
importance of different types of attributes that determine the
incidence of PSP in a plant community in the Venezuelan Central
Plain, and consequently determine the relation of predispersal
seed predator species and plant richness. Our specific objectives
are to answer the following questions, which we group into two
groups of questions:

(1) What ecological, morphological and nutritional attributes of
fruits and seeds influence (a) the incidence of PSP, (b) the
major families of seed predators, and (c) the type of PSP
depending on insect stage and number of developing larvae
per seed?

(2) Do patterns of PSP differ across habitats with different species
richness?

Methods

Study area

Field work was conducted in Trachypogon savannas at Estación
Biológica de los Llanos (81560N, 671250W), located approximately
12 km southwest of Calabozo, Estado Guárico, in the Venezuelan
Central Plain (VCP thereafter). The climate is markedly seasonal,
with a rainy season from May to November and a dry season from
December to April. Annual precipitation varies between 800 and
1839 mm, and the average annual temperature is 27 1C for 25
years of records (Sarmiento and Monasterio, 1968; Walter and
Medina, 1971).

Differences in vegetation structure are produced by varying
soil types or by anthropogenic activity. Five types of vegetation
(habitats, hereafter) were distinguished in the 250-ha study area
(Ramı́rez, 2003): (1) forest vegetation or groves, locally called
‘‘matas’’, composed of discontinuous patches with several trees
and a typical understory layer of herbs and shrubs; large clusters
of trees also interrupt the grassland; (2) forest–savanna transition
or ecotone vegetation (transitional between forest and savanna);
(3) savanna vegetation, consisting of scattered trees on a
continuous grass stratum dominated by Trachypogon and Axono-

pus spp.; (4) secondary vegetation, consisting of herbaceous
vegetation on disturbed areas, dominated by pioneer species; and
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(5) gallery forest, found along Orituco river, characterized by
herbaceous and woody (shrubs and trees), semi-aquatic, and
aquatic species. The study area has been protected from fire and
cattle grazing since 1961. From then on, the savanna of Estación
Biológica de los Llanos has gradually changed from an open to a
closed bush savanna with a taller grass layer (San José and
Fariñas, 1983, 1991).

Study species

From each habitat type, we selected as many plant species as
possible trying to encompass the largest number of families. Due
to their abundance, however, we ended up with a greater quantity
of species in the legume families: Fabaceae (N¼28 species),
Mimosaceae (N¼17) and Caesalpiniaceae (N¼7). The entire group
of selected plants in each habitat represents between 41% and 75%
of the species recorded in each area (Ramı́rez, 2003). The
nomenclature used for plant families follows Cronquist (1981).

Vegetation attributes

Vegetation structure: Plant species were categorized by their
life form as tree, shrub, climber, annual herb (short-lived species
were recorded during phenological observations), perennial herb,
and epiphyte; the last group included only hemiparasitic species.
Some species were shared by two or more habitats (Ramı́rez,
2003). The spatial distribution of plant species was estimated
both on a horizontal and a vertical plane. For the former, we
obtained the variance/mean ratio of the abundance of each plant
species (S2/X) which was tested for significance (Ramı́rez, 2003).
Three categories were considered: random distribution (S2

¼X),
regular distribution (S2oX) and aggregated distribution (S24X)
(Blackman, 1942). For the vertical distribution, plant species
stratification was established according to Ramı́rez (2003),
corresponding to the reproductive foliage (vertical strata where
the plant reproductive structures are located); four strata were
established using multivariate methods of classification (Ramı́rez,
2003), from highest to lowest: (A, 4–23 m; B, 1.5–4 m; C,
0.6–1.5 m; and D, 0.05–0.6 m).

Fruiting phenology: Using data from a previous phenological
study over a 3-year period (Ramı́rez, 2002), predispersal seed
predation was evaluated in relation to fruiting phenology. Both
insect oviposition and insect emergency were assigned to either
of the two fruiting periods recorded: rainy vs. dry season months.
Oviposition period was established during unripe fruit phenology,
mainly the first months after flowering and emergence period
during and after ripening phenology.

Fruit and seed morphology and dispersal

Fruit and seed morphometry: From each species, we obtained
fruit and seed dimensions by measuring their length and width as
well as mass. Fruits and seeds were collected from different
individuals of each plant species. Fruit and seed measurements
were made separately for each individual and then the average
values of each morphometrical trait from each plant species were
used for statistical analyses. A minimum of 20 fruits and 20 seeds
without insect damages were collected from 10–20 individuals
and measured for each species. Dry mass of fruits and seeds was
measured in 20–40 replicates oven-dried at 40 1C for 4 weeks.
In addition, the number of seeds per fruit was determined by
counting 50–100 mature fruit per plant species. Much informa-
tion on fruit and seed mass and on number of seeds per fruit was
available from a previous study (Ramı́rez, 1993); however, most
of the data were estimated by sampling.

Fruit type and dispersal: Fruits were classified in three different
ways according to their: (1) texture (dry vs. fleshy fruits), (2)
dehiscence (dehiscent vs. indehiscent), and (3) morphological type.
We considered six types: (a) berry (berries and fleshy aggregate
fruits), (b) drupe (drupes and drupaceous fruits), (c) capsule
(capsules, follicles, and siliques), (d) dry indehiscent fruit
(including achenes, caryopsis, and cypselas), (e) legumes, and (f)
samara (samaras and schizocarp samaras). In addition, we
considered the dispersal syndrome of each species, which had
also been obtained from previous studies in the area (Taisma and
Ramı́rez, 1996; Ramı́rez, 2005). We distinguished four dispersal
syndromes: (1) abiotic dispersal (anemochory and hydrochory),
(2) epizoochory (diaspores adapted for external transportation on
animals), (3) endozoochory (dispersal by birds and mammals,
including fleshy fruit, arilated seeds, and seed mimesis), and (4)
dispersal by granivores (dry fruits and seeds, with or without
elaiosome, dispersed by granivorous animals, including ants,
birds, and mammals).

Nutritional composition of seed

Nutritional attributes of seeds were determined from samples
of ripe fruits. Ripe seeds without insect damages, gathered from
three different individuals were dried at 60 1C to constant weight
before the analyses. Three replicates were made per analysis for
each plant species, where each replicate came from different
individuals. The nutritional content of seeds: ashes (minerals,
percentage of dry matter after being heated to approximately
600 1C), crude proteins (Kjeldahl N�6.25), crude fibers (structural
carbohydrates), crude fats (lipids obtained in solvent extract), and
starches (non-structural carbohydrates, soluble carbohydrate
excluding that available from structural fraction) were deter-
mined, following the standardized proximate analysis of the
Association of Official Analytical Chemist (1984).

Seed predators

Samples containing fruits or seeds ready or nearly ready for
dispersal were collected from 5 to 10 parent plants for each plant
species. Samples were taken directly from the parent plants
during two continuous or alternated fructification years over a
5-year period (1995–1999). A total of 100 fruits per species were
collected during each study period. When plant species occurred
in more than one habitat, fruits were collected from each habitat.
Fruits were stored in net bags and checked for insect emergence
during the following 3 months after collection when insect
emergence occurred. In the case of no insect emergence during
this period, fruits were checked during three additional months.
After that period, fruits without PSP were dissected to corroborate
the absence of PSP. In addition, another sample of ripe and unripe
fruits was opened in the field and observed under a magnifying
glass to determine if developing larvae occurred inside single
seeds or whether larvae consumed several seeds inside the
same fruit; we further wanted to know if PSP is carried out by
adult insects. In this context, we distinguished three different
types of PSP: Type I, one developing larvae per seed where insect
emergence occurred from ripe seeds, Type II, one or more
developing larvae outside the seeds but inside the fruit, being
able to move from seed to seed during fruit ripening, and Type III,
seed predation by adult insects, entering the fruits to feed upon
seeds. Notice that our classification is based on the overall feeding
habit of larvae during fruit development; intermediate types of
PSP were not considered. Insects reared from each fruit sample
were prepared for further identification. Parasitoid species were
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excluded in this study. The nomenclature used for insect families
follows Daly et al. (1998).

Statistical analysis

In order to establish the degree of dependence and the
interaction among variables (vegetation structure variables, fruit
morphology variables, and dispersal syndromes in relation to the
presence–absence of seed predation), a log-linear analysis of
frequency was performed, using two-factor tables (StatSoft,
2001). Partial and marginal associations were estimated, as well
as the interaction effect of each pair of variables. The concept of
interaction in log-linear analysis is analogous to that used in
analysis of variance. In some cases, the analysis of dependence
was performed excluding some categories when data distribution
created more than 20% of cells with low or zero counts of the
expected frequency (Maruscuilo and Levin, 1983). Under such
statistical limitation, data set was modified to fit data distribution
for the statistical analysis (regular distribution and hemiparasitic
plants were excluded from comparisons). Moreover, phenology
was excluded from this analysis because the low number of non-
predated species with phenological data. Comparisons between
the number of predated and non-predated plant species were
performed using binomial tests for equal expected frequencies for
plant families with more than four species (Siegel and Castellan,
1990). The proportion of predated and non-predated species
indicates the susceptibility of each plant family to be predated. In
this context, our premise was based on equal expectances for each
plant families and its influence on the proportion of predated
species at the community level. Moreover, the relative contribu-
tion of each plant family to the total number of plant species
preyed and therefore the taxonomic influence of each plant family
to the community analysis was estimated by the percentage of
plant species predated per plant family.

The number of predated plant species was compared with
plant richness recorded for each habitat (Ramı́rez, 2003) using
binomial correlation analysis (StatSoft, 2001). A similar correla-
tion was performed using the number of predated plant species
and the number of plant species recorded in regional floras,
which included data of this study, Costa Rican deciduous forest
(Janzen, 1980), and four herbaceous–shrubby communities in the
Venezuelan Guayana plateau (Raimúndez, 2000). In order to
establish the relation between insect and plant species according
to habitats in the VCP, the number of insect species and the
total number of plant species, both values were correlated
using Spearman rank correlation analysis. Similarly, the propor-
tion of insect and the proportion of plant species were also
correlated.

One-way ANOVAs were used to determine the effect of each
morphometrical and biochemical trait relative to (1) the prob-
ability of seed predation, (2) seed predation type, and (3) the main
families of seed predators. Data were transformed if they
exhibited non-normality or non-homogeneity of variance (Sokal
and Rohlf, 1998): number of seeds per fruit was transformed with
the square root, size measurements and dry biomass of fruit and
seed were logarithmically transformed, whereas the angular
transformation was used to normalize biochemical values of each
compound. A posteriori comparison of means (LSD test) was
performed for each significant ANOVA. For all cases, Bartlett’s test
for homogeneity of variance was not significant.

Multivariate analysis: To determine the multivariate relationship
between qualitative variables, we used correspondence analysis,
which detect structure in the relationship among variables.
The purpose of correspondence analysis is to find the distance
between the row and/or column points in a two-way table in a

lower-dimensional display. The association between vegetation and
morphological qualitative attributes, on the one hand, and (a)
presence–absence of seed predators, (b) types of PSP, or (c) the
richest predator families, on the other, was tested. Moreover, the
multivariate relation between presence–absence of seed predators
(included now as 1 and 2, respectively, in the data set) and the
quantitative variables (morphometrical and biochemical seed and/or
fruit attributes) was tested by a principal component analysis (PCA).
Finally, discriminant function analyses were employed to test the
relationship between categorical variables (types of PSP and richest
taxonomic families of seed predators) and continuous variables
(morphometrical and biochemical attributes). Discriminant function
analysis allows determining those variables which differentiate
groups and testing if such groups are statistically different. In these
analyses, the types of PSP and the richest taxonomic families of seed
predators (a separate analysis for each case) were the grouping
variables whereas the morphometrical and biochemical attributes
were the independent variables. These multivariate analyses were
used to (1) determine which variables are the best predictors of
the types of PSP and the families of seed predators, respectively
and (2) test if morphometrical and nutritional composition allow
distinguishing among types of PSP and major families of seed
predators, respectively. Low levels of multicollinearity were
corroborated for multivariate analyses where values under 0.3 of
tolerance were established. StatSoft (2001) was used for all analyses.

Results

Ecological, morphological and nutritional attributes influencing

incidence of PSP

A total of 187 plant species encompassing 59 families of higher
plants were examined for PSP (Appendix 1). The number of families
and plant species showing seed predation by insects in the
Venezuelan Central Plain (VCP) were 26 (44.1%) and 89 (47.6%),
respectively. The highest frequencies of insect seed-predated plant
species were found in the families Fabaceae (N¼18; 20.2%),
Mimosaceae (N¼11; 12.3%), and Caesalpiniaceae (N¼7; 7.7%),
followed by Bignoniaceae (N¼4; 4.5%), and Boraginaceae (N¼4;
4.5%); the other families had only two (2.2%) or less plant species
attacked (Appendix 1). In this analysis, Fabaceae, Mimosaceae, and
Caesalpiniaceae accounted for approximately 40% of plant species
predated, which indicated that PSP is biased to a large extent by
those traits correlated with the three legume species families. For
the large majority of plant families, the number of predated and
non-predated species did not differ significantly (Appendix 1).
Exceptions were found in the Caesalpiniaceae, in which all species
were attacked by insects. Moreover, in plant families with more than
four plant species, the percentage of predated species was higher
than 50% for Boraginaceae, Fabaceae, Mimosaceae, and Rubiaceae
(Appendix 1). In contrast, in Poaceae and Verbenaceae no species
appeared to be attacked. The total number of predated and non-
predated species occurred in similar frequencies for all plant species
in the VCP (Appendix 1).

Vegetation traits: The qualitative variables of vegetation, i.e.
those describing their structure and phenology, were found to
poorly explain the incidence of PSP. The correspondence analysis
showed that both predated and non-predated species were very
close to zero in the two dimensional plot and that predation was
unrelated with vegetation attributes (Fig. 1). Moreover, the
association analysis performed separately for each attribute
indicated that PSP was independent of habitat, life form, strata,
and spatial dispersion (Table 1). The correlation analysis between
number of predated plant species and total number of plant
species was statistically significant for habitats (df¼1; Wald
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statistic¼4.6, P¼0.032) and also for the different communities
from other Neotropical areas (df¼1; Wald statistic¼104.9,
P¼0.000000). Therefore, we conclude that the total number of

plant species was the most important predictor of the number of
predated plant species.

Fruits and seed traits and seed dispersal syndrome: The qualitative
fruit traits and seed dispersal syndromes showed no significant
effect on the incidence of PSP. The first dimension in the
correspondence analysis did not discriminate between predated
and non-predated species (Fig. 2). Dimension two indicates that
predated species were slightly associated with epizoochorous,
dehiscent fruits, dispersed by granivory, whereas non-predated
species were more associated with abiotic dispersal, indehiscent
fruit, and single-seeded fruits (Fig. 2). The analysis performed
separately for each morphological trait showed that PSP was
independent of fruit dehiscence, fruit texture, and dispersal
syndrome (Table 2). In contrast, morphological fruit type was
significantly associated to the presence or absence of seed
predation: most dry indehiscent fruits were not attacked (df¼1;
w2
¼6.03; Po0.014), whereas most legumes were attacked (df¼1;

w2
¼4.16; Po0.042) (Table 3).
Projection of the variables on the factor-plane from PCA showed

that predated and non-predated species were basically discrimi-
nated by factor two, which accounted for 17.7% of the variance
(Fig. 3). In this analysis, most morphometrical fruit and seed traits,
except number of seeds per fruit and seed biomass, appeared
separately of the predated and non-predated species in factor one,
which accounted for 430% of the variance (Fig. 3). Predated and
non-predated species were clearly separated in factor two; the
former tends to be associated with amount of starches and with
seed biomass, whereas non-predated species were correlated with
the amount of fiber and with the number of seeds per fruit (Fig. 3).
Predated species tended to have smaller seeds with high amount of
starches, and non-predated species tended to have higher number of
seeds per fruit with higher amount of fibers. However, the
comparisons of each morphometrical and nutritional characteristic
between predated and non-predated species revealed that only seed
biomass and amount of crude fiber in seeds were significantly
different between both groups of species; larger seeds and seeds
with higher amounts of crude fiber were less likely to be attacked by
insects (Table 3).

Ecological, morphological, and nutritional attributes influencing the

main families of seed predators

The list of insect seed predator species, host plant species, and
types of PSP are in the Appendix 2. Five taxonomic orders, which
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and vegetation traits. AD¼aggregated dispersion, RD¼random dispersion.

Table 1
Percentage of seed-predated plant species according to vegetation attributes and

results of log-linear analyses.

Vegetation attribute Total number of

plant species

Seed-predated

species

N N(%)

Habitats

Gallery foresty 105 70(66.7)

Forest 65 41(63.1)

Forest–savanna transition 111 63(56.8)

Savanna 51 24(47.1)

Disturbed area 48 22(45.8)

Statistic df¼4; w2
¼9.41 (N.S.)

Life forms

Tree 43 23(53.5)

Shrub 28 16(57.1)

Climber 48 21(43.7)

Epiphytes (parasites) 4 2(50.0)

Perennial herb 34 15(44.1)

Annual herb 30 12(40.0)

Statistic df¼4; w2
¼2.77 (N.S.) a

Stratum

A(4–23 m) 18 10(55.6)

B(1.5–4 m) 68 31(45.6)

C(0.57–1.5 m) 57 26(45.6)

D(0–0.5 m) 40 19(47.5)

Statistic df¼3; w2
¼0.63 (N.S.)

Spatial dispersion

Aggregate 130 61(46.9)

Random 20 8(40.0)

Regular 1 1(100.0)

Statistic df¼1; w2
¼0.33 (N.S.)a

a Analysis of dependence was performed excluding regular dispersion for

spatial distribution and excluding parasitic plants for life form to adjust data

distribution for the test, respectively.
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included 11 families, were identified in the VCP (Table 4). The
most diverse taxonomic order was Coleoptera (which included six
families, being Bruchidae and Curculionidae those with the largest
number of genus and species), followed by Lepidoptera (Table 4).

Bruchidae was the largest insect family at the community level
and in four out five habitats; in the forest, the number of
Curculionidae species was more abundant than that of Bruchidae
(Table 4). The total number of predispersal seed predators per
habitat tended to decrease from woody to herbaceous habitats
(Table 4). The relation between the number of insect seed
predator species and the total plant richness of the habitats was
statistically significant (n¼5, R¼0.90; Po0.01). Likewise, the

Table 2
Percentage of seed-predated plant species according to morphological fruit traits

and dispersal syndromes. Statistical results of dependence analysis in the first

column.

Plant attributes Total number of

plant species

Seed-predated

species

N N(%)

Morphological fruit type

Berry 23 13(56.5)

Drupe 23 9(39.1)

Capsule 60 25(41.7)

Dry indehiscenta 21 3(14.3)

Legumea 45 32(71.1)

Samara 15 7(46.7)

Statistic df¼5; w2
¼21.54

(Po0.000635)

Fruit dehiscence

Dehiscent 91 48(52.7)

Indehiscent 96 41(42.7)

Statistic df¼1; w2
¼1.89 (N.S.)

Fruit texture

Dry 136 66(48.5)

Fleshy 51 23(45.1)

Statistic df¼2; w2
¼1.40w (N.S.)

Dispersal syndrome

Abiotic 59 26(44.1)

Epizoochory 15 8(53.3)

Frugivochory (fleshy fruits) 70 35(50.0)

Granivochory (dry diasporas) 42 19(45.2)

Statistic df¼3; w2
¼0.74 (N.S.)

a Binomial test indicate statistical difference for 1:1 expected frequency

between predated and non-predated species at Po0.0140 for dry indehiscent fruit

type and Po0.0415 for legumes.

Table 3
Average values of morphological and biochemical traits of seed-predated and non-

seed-predated plant species and result of statistical comparisons.

Plant characteristics Plant species F statistical (Po)

Seed

predated

Non-seed

predated

X(SD) X(SD)

Morphological traits

No. of seed/fruit 28.7(122.5) 39.6(129.8) F(1,181)¼0.22 (N.S.)

Fruit length (mm) 45.1(62.7) 60.2(122.0) F(1,174)¼0.69 (N.S.)

Fruit width (mm) 18.4(28.4) 18.8(48.7) F(1,174)¼1.22(N.S.)

Seed length (mm) 14.2(29.5) 13.0(23.4) F(1,177)¼0.18 (N.S.)

Seed width (mm) 10.3(32.3) 6.5(10.4) F(1,176)¼1.26 (N.S.)

Seed weight (mg) 73.22(175.5) 387(2946) F(1,179)¼4.79

(0.0298)

Fruit weight (g) 3.1(10.2) 5.2(26.8) F(1,180)¼1.72 (N.S.)

Biochemical traits of

seeds

Minerals (%) 4.2(1.5) 4.6(2.5) F(1,99)¼0.43 (N.S.)

Fats (%) 13.1(13.3) 13.7(13.5) F(1,99)¼0.07(N.S.)

Proteins (%) 20.1(7.8) 19.2(7.6) F(1,99)¼0.28 (N.S.)

Starches (%) 45.9(17.6) 40.3(16.9) F(1,99)¼2.92(N.S.)

Fibers (%) 16.6(11.0) 22.1(10.9) F(1,99)¼7.08

(0.0091)

N.S.¼not significant.
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Table 4
Taxonomic distribution of insect species according habitats in the Venezuelan

Central Plain.

Order, Family No. of
species
(%)

Habitats

Gallery
forest

Forest F–Sa

transition
Savanna Disturbed

area
N(%) N(%) N(%) N(%) N(%)

Coleotera
Bruchidae 33(47.1) 19(41.3) 8(25.8) 20(45.4) 8(53.3) 7(50.0)
Cryptophagidae 1(1.42) 1(2.2) 0(0.0) 0(0.0) 1(6.6) 0(0.0)
Cucujidae 1(1.42) 1(2.2) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Curculionidae 21(30.0) 14(30.4) 15(48.3) 17(38.6) 6(40.0) 6(42.8)
Scolytidae 1(1.42) 1(2.2) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Tenebrionidae 1(1.42) 1(2.2) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Undetermined 6 5 2 3 1 0
Totalb 58 37 23 37 15 13

Diptera
Undetermined 1(1.42) 1(2.2) 1(3.2) 1(2.3) 0(0.0) 0(0.0)
Totalb 1 1 1 1 0 0

Hemiptera
Lygaeidae 1(1.42) 0(0.0) 0(0.0) 1(2.3) 0(0.0) 0(0.0)
Totalb 1 0 0 1 0 0

Homoptera
Cicadellidae 1(1.42) 1(2.2) 1(3.2) 1(2.3) 0(0.0) 0(0.0)
Totalb 1 1 1 1 0 0

Hymenoptera
Braconidae 1(1.42) 1(2.2) 1(3.2) 0(0.0) 0(0.0) 0(0.0)
Formicidae 2(2.8) 1(2.2) 1(3.2) 1(2.3) 0(0.0) 1(7.1)
Totalb 3 2 2 1 0 1

Lepidoptera
Pyralidae 6(8.6) 5(10.8) 3(9.7) 3(6.8) 0(0.0) 0(0.0)
Undetermined 9 1 2 6 4 6
Totalb 6 5 3 3 0 0

Grand totalb 70 46 30 44 15 14

a F–S¼forest–savanna transition.
b Total number of identified seed predators.
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proportion of insect species showed to be significantly associated
with the proportion of plant species (n¼5, R¼0.89; Po0.01).

Vegetation traits and the main families of PSP: Structure and
phenological attributes of the vegetation explained only partially
(33.8% of total inertia) the taxonomic groups of seed predators.
Dimension one separated two main families of seed predators,
Bruchidae and Pyralidae. Pyralidae appeared associated with
trees, stratum A, random dispersion, forest and gallery forest, and
with emergence and oviposition during the dry season (Fig. 4). By
contrast, Bruchidae tended to occur in the savanna and in the
transition forest–savanna, in plants with an aggregate
distribution, and in which oviposition and emergence occurred
during the rainy season (Fig. 4).

Morphological fruit traits, dispersal syndromes and main families

of seed predators: The qualitative characteristic of fruits and
dispersal syndromes had no clear association with the main
families of seed predators (Fig. 5). Both dimensions in the
correspondence analysis explained only 47.5% of the variance.
Dimension one associates the Bruchidae family with dehiscent
fruits, legumes, epizoochory, and granivochory, whereas it
associates the Pyralidae with abiotic seed dispersal. By contrast,
Curculionidae appear to be associated with indehiscent fruits and
endozoochory, according to dimensions one and two (Fig. 5).

Morphometrical and nutritional traits: The average values and
statistical comparisons of each morphometrical and nutritional
traits between the three main families of predispersal seed
predators are shown in Table 5. Fruit and seed length and fruit
mass were significantly higher for plant species predated by
Pyralidae than for plant species predated by the main two
coleopteran families (Table 5). Among nutritional characteristics,
only the fraction of crude proteins in the seed showed to be more
associated with Bruchidae than with Curculionidae and Pyralidae
(Table 5).

The discriminant function analysis was statistically significant
among the main three families of seed predators according to
the quantitative variables of fruits and seeds (F(24,76)¼1.91,
Po0.0181). The standardized coefficients of the canonical vari-
ables indicated that the variables predicting differences among
insect families were seed width and fruit mass for root 1, and seed
length, proportion of starches, and proportion of crude proteins
for root 2 (Table 5). The eigenvalues for roots 1 and 2 were 0.80
and 0.43, respectively, which are greater than would be expected
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Table 5
Average values of morphological and biochemical trait of plants according to the three large families of predispersal seed predator and standardized coefficient for

canonical variables of the discriminant function analysis. Results of one-way ANOVA are after average values.

Plant characteristics Insect families F statistical (Po) Standarized coefficient for canonical variables

Bruchidae Curculionidae Pyralidae Root 1 Root 2

X(SD) X(SD) X(SD)

Morphological traits

No. of seed/fruit 37.5(175.1) 16.3(37.2) 68.5(78.1) F(2,74)¼1.88 (N.S.) �0.62 0.12

Fruit length (mm) 45.2(69.9)a 39.6(45.7)a 148.5(127.7)b F(2,73)¼5.24(0.0074) �0.62 0.59

Fruit width (mm) 11.1(13.0) a 21.0(33.0)b 33.4(22.1)b F(2,73)¼6.08 (0.0036) �0.08 �0.66

Seed length (mm) 8.2(16.0)a 17.5(27.7) 22.3(22.6)b F(2,74)¼4.21 (0.0185) �1.15 0.95

Seed width (mm) 11.2(44.9) 26.3(70.9) 9.6(9.7) F(2,74)¼1.63 (N.S.) 1.49 �1.45

Seed weight (mg) 50.9(138.9) 123.6(255.6) 170.4(269.2) F(2,73)¼2.65 (N.S.) �0.67 �0.27

Fruit weight (g) 1.8(5.4)a 2.2(9.6)a 14.8(16.5)b F(2,73)¼6.48 (0.0025) 0.88 0.71

Biochemical traits of seeds

Minerals (%) 3.9(1.3) 4.0(1.6) 3.4(0.8) F(2,50)¼0.32(N.S.) �0.26 �0.43

Fats (%) 10.9(12.0) 15.3(14.3) 14.6(11.9) F(2,50)¼0.75 (N.S.) �1.09 0.73

Proteins (%) 23.4(6.4)a 17.4(7.5)b 14.6(5.6)b F(2,50)¼6.20 (0.0039) 0.34 0.81

Starches (%) 47.9(14.8) 44.5(19.1) 54.9(21.3) F(2,50)¼0.77 (N.S.) �1.21 0.81

Fibers (%) 13.8(8.5) 18.7(13.5) 12.5(11.9) F(2,50)¼1.23(N.S.) �0.63 0.26

Different superscripts in rows indicated significant difference in the posteriori test at Po0.012.
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by chance according to Jackson’s (1993) broken stick criterion.
Bruchidae was statistically different from Pyralidae in
quantitative variables of fruits and seeds (Po0.038). The other
comparisons were non-significant.

Ecological, morphological, and nutritional attributes influencing the

type of PSP

Frequency of PSP types: Overall, the most common type of seed
predation was Type I (one larva developing in a single seed;
N¼61; 50.4%), followed by Type II (one or more larvae developing
outside seeds within the fruit; N¼56; 46.3%), and by the least
frequent seed predation by adult insects (Type III; N¼4; 3.3%).
This trend was maintained at the habitat level for gallery forest,
forest–savanna transition, savanna, and disturbed area (Fig. 6). In
the forest; however, Type II was slightly more frequent than Type
I (Fig. 6). For trees and climbers, Type I was more common than
Type II, but the opposite pattern was found for shrubs (58.8% vs.
41.2%), parasitic plants (66.7% vs. 33.3%), perennial herbs (64.7%
vs. 35.3%), and annual herbs (57.1% vs. 28.6%).

Vegetation traits: The qualitative variables of vegetation (i.e.,
structure and phenological attributes) explained only partially the
type of PSP (Fig. 7). The correspondence analysis explained 33.4%
of inertia alone and showed that dimension one did not separate
the types of PSP. However, dimension two tended to separate the
three different types of seed predation (Fig. 7): Type I tended to be
most associated with the climber life form, forest–savanna
transition, savanna, and with insect emergence during the rainy
season (Fig. 7). By contrast, Type II and Type III tended to be
associated with annual herbs, stratum D, and disturbed area
(Fig. 7).

Morphological and nutritional traits and dispersal syndromes:
The qualitative characteristics of fruits and dispersal syndromes
showed no clear association with the types of PSP (33.75% of total
inertia). The correspondence analysis showed that both dimen-
sions tended to separate the three types of PSP (Fig. 8). Thus,
samaras, drupes and indehiscent fruits appeared to be more
preyed upon by single larvae in single seeds (dimension two
explains 15.2% of variance) whereas capsules appeared to be more
attacked by larvae that prey upon one or more seeds and also by
adult insects. Moreover, seed predation by adult insects was

associated with dehiscent fruits and dispersed by granivorous
animals (dimension one explains 28.5% of the variance; Fig. 8).

The comparisons of each morphometrical and nutritional trait
between Type I and Type II are shown in Table 6. The number of
seeds per fruit was significantly lower whereas seed biomass was
significantly higher for Type I than for Type II. Among nutritional
characteristics, only the fraction of crude fiber in seeds showed to
be significantly higher for Type II than for Type I (Table 6).

The discriminant function analysis was statistically significant
among types of predispersal seed predation according to the
quantitative variables of fruits and seeds (F(24,112)¼3.08;
Po0.0001). The standardized coefficients of the canonical vari-
ables indicated that the variables predicting the differences
between types of PSP were: proportion of starches, crude fats,
crude fibers and crude proteins for root 1, and proportion of ashes
for root 2 (Table 6). The eigenvalues were 0.98 and 0.39 for roots 1
and 2, respectively. The comparison between groups showed that
Type I differed significantly from Type II (Po0.000036). The other
comparisons showed to be non-significant.

Types of PSP and main families of seed predators: There was a
significant association between type of seed predation and family
of seed predator (df¼2, w2

¼8.72, Po0.01280). Bruchid larvae
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tend to prey upon single seeds (75.6%) whereas larvae of
Lycaenidae tend to prey upon more than one seed per fruit
(83.3%); Curculionidae, on the other hand, prey with similar
frequency single seeds or more than one seed per fruit (i.e. Types I
and II are similarly common in this family).

Discussion

Incidence of insect seed predation

Of the 187 plant species considered in this survey of the VCP,
89 (47.6%) exhibited predispersal seed predation. This proportion
is concordant with those found in three out four herbaceous–
shrubby communities in the Venezuelan Guayana Plateau
(Raimúndez, 2000): shrublands (42.9–46.4%) and untilled sec-
ondary forest (44.2%). However, such figures may be considered
high if compared with those reported from the deciduous dry
forest in Costa Rica (10.3% Janzen, 1980) and the ‘Broad-Leave
Meadow’ in the Venezuelan Guayana Plateau (28.6%; Raimúndez,
2000). Legume families showed the largest numbers of seed-
predated species. Similarly, legume families were the taxonomic
groups most commonly attacked by coleopterans in the tropical
deciduous dry forest in Costa Rica (Janzen, 1980). Therefore, in
both cases, there is an important taxonomic effect of legume
families on the incidence of PSP by insects at the community level.
On the other hand, insect seed predators are also limited to a
restricted number of orders (Coleopterans, followed by Lepidop-
terans) and families (Bruchidae and Curculionidae). Therefore,
there is an intimate relation between plant and animal taxonomic
groups overlapping with the community-context plant–animal
interaction. However, the number of predated and non-predated
species did not differ significantly for each plant family and at the
community level, except for three of the families studied,
indicating that for most of the plant families a subset of plant
species avoid seed predation using diverse strategies. Moreover,
the influence of large number of legume species on the number of
predated species in the community represents a particular case
and may not be generalized for other communities. The number of
predispersal seed-predated species in four herbaceous–shrubby
communities in the Venezuelan Guayana Plateau (Raimúndez,
2000), with only a few legume species (N. Ramı́rez et al., unpubl.
data), was similar to that found in Costa Rica (Janzen, 1980) and
VCP. Therefore, there are factors other than the dominance of

taxonomic groups which contribute to explain the proportion of
seed-predated species at the community level. Moreover, more
than 50% of non-predated species represent resources not used by
seed predators, vacant niches (Strong et al., 1984), which may
correspond to strategies effectives of some plant species avoiding
PSP or very low infestation rate that prevented detection (Jermy
and Szentesi, 2003). Alternatively, others seed-animal interac-
tions such as seed dispersal by frugivores and post-dispersal seed
predation could constrain PSP. For example, some vertebrates
may actively select fruits and seeds containing insects; fruits
therefore advertise themselves as well as the insects they may
contain (e.g. Sallabanks and Courtney, 1992). Furthermore,
predators and parasitoids of PSP might also influence the
incidence of PSP.

The most diverse taxonomic order of insects in the VCP was
Coleoptera, where Bruchidae and Curculionidae had the largest
number of genus and species, followed by Lepidoptera. Except in
the forest, where the number of Curculionidae species was higher
than that of Bruchidae, this trend was maintained in each habitat.
These patterns are similar to those found in the deciduous forest
of Costa Rica (Janzen, 1980), probably because of the similar
floristic composition between the Costa Rican deciduous forest
and VCP, where legumes are the dominant plant families. In
contrast, in two out four herbaceous–shrubby communities in the
Venezuelan Guayana Plateau (Raimúndez, 2000), with few
legume species, coleopterans were the less abundant order of
seed predators; while the most abundant were lepidopterans,
followed by hymenopterans. Under such circumstances, the major
groups of predispersal seed predators at the community level
seem to be primarily influenced by floristic composition, and
secondarily, by vegetation structure.

Vegetational and fruit and seed attributes influencing PSP

The incidence of PSP was poorly explained by the qualitative
attributes of vegetation and phenological patterns. Similarly, the
qualitative traits of fruits and dispersal syndromes showed a non-
significant effect on the incidence of PSP, when all characters were
analyzed simultaneously. Nevertheless, separate analyses of each
qualitative attribute revealed that fruit dehiscence had an
important effect on the incidence of PSP. This suggests that (1)
some qualitative traits may act as a barrier to PSP separately and
(2) indehiscent fruits may reduce PSP, sometimes precluding egg
development and insect emergence by means of a hard pericarp.

Table 6
Average values of morphological and biochemical trait of plants according to the types of seed predation and standardized coefficient for canonical variables of the

discriminant function analysis. Results of one-way ANOVA are after average values.

Plant characteristics Plant species Standardized coefficient for canonical variables

One predator/seed Several seeds/predator Root 1 Root 2

X(SD) X(SD)

Morphological traits

No. of seed/fruit 4.6(7.1) 63.4(168.6) F(1,103)¼26.71(0.0001) 0.48 0.06

Fruit length (mm) 47.1(67.2) 66.6(77.9) F(1,102)¼1.14(N.S.) �0.41 0.78

Fruit width (mm) 19.5(30.1) 21.8(28.9) F(1,102)¼1.35(N.S.) 0.73 �1.15

Seed length (mm) 13.8(27.2) 20.7(30.8) F(1,103)¼0.69(N.S.) �0.11 0.02

Seed width (mm) 9.1(15.9) 32.1(81.3) F(1,103)¼0.65(N.S.) 0.71 �0.03

Seed weight (mg) 103.4(202.1) 68.9(159.96) F(1,102)¼6.98(0.0095) �0.87 0.17

Fruit weight (g) 1.9(0.8) 7.3(15.1) F(1,102)¼3.77(N.S.) 0.11 �0.74

Biochemical traits of seeds

Minerals (%) 3.9(1.6) 4.2(1.3) F(1,67)¼1.05(N.S.) 0.07 1.03

Fats (%) 16.3(15.8) 12.0(10.8) F(1,67)¼0.95(N.S.) 1.80 0.46

Proteins (%) 19.8(8.1) 18.3(6.8) F(1,67)¼0.45(N.S.) 1.19 �0.65

Starches (%) 47.3(19.6) 45.5(14.1) F(1,67)¼0.12(N.S.) 2.89 0.90

Fibers (%) 12.7(9.5) 19.9(11.2) F(1,67)¼10.08(0.0022) 1.77 0.51
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In some studies, however, no differences have been observed
between PSP in dehiscent and indehiscent fruits (Miller, 1996;
Raimúndez, 2000). The largest incidence of PSP for dehiscent fruit
in our study is related with legumes, which are profusely attacked
by insects.

Seed predation intensity may be affected by seed (Janzen,
1969; Moore, 1978) and fruit size (Mitchell, 1977). However, our
results indicated that the incidence of PSP in the VCP is
independent of fruit and seed dimensions. This might be due to
the high variation and combination of fruit and seed size in this
community. By contrast, seed biomass and amount of starch in
them were found to be associated with predated species in the
multivariate analysis. Insects may show preferences for rich
sources of carbohydrates, as it has been found for rodents,
important post-dispersal seed predators (Kelrick et al., 1986). The
analysis also showed that non-predated species were more likely
to have heavy seeds with high amounts of crude fiber. Likewise,
Szentesi and Jermy (1995) found that many plant species with
large seeds were non-predated. The content of crude fiber in seeds
is apparently related with a hard seed coat, which is recognized as
an important barrier against seed predation (Janzen, 1971, 1977a;
Siemens et al., 1992). Seed defensive tissue mass (all tissue
surrounding the embryo and endosperm after dispersal, including
fruit tissue) increases isometrically with seed mass (Moles et al.,
2003), what might partially explain why heavy seeds tend to be
little infested by predispersal seed predators. In addition, other
studies have also found that multi-seeded fruits are less likely to
be preyed upon by insects (Mitchell, 1977; Herrera, 1984), which
agree with our results where non-predated species also tend to
have a slightly higher number of seeds per fruit. Nevertheless, this
last relation was marginal and non-significant. Therefore, the
apparent contradiction between high number of seeds per fruit
and high seed biomass for non-predated species might be
explained by high level of variation, which could keep up a
correspondence with plant species having different combination
of traits.

Predispersal seed predator families and vegetation

Fruiting phenology, habitat types and proximity to conspecific
fruiting adults may influence the degree of escape from pre- and
post-dispersal seed predators (Forget et al., 1999). Two ecologi-
cal–taxonomic guilds is determined by the vegetation structure
together with flowering and maturing fruit phenology and
suggest spatial and temporal separation of both families of
predispersal seed predators. In addition, each group of vegetation
attributes are highly correlated (Ramı́rez, 2002, 2003) and have
been considered as different successional states, where savanna
and forest–savanna transition represent early states of forest
(Ramı́rez, 2003). In this context, seed predation by Pyralidae may
be considered from advanced successional seres, while seed
predation by Bruchidae from less structured habitats. The large
number of plant species flowering and maturing fruit during
the rainy season was also correlated with seed predation by
Bruchidae, the most abundant group of predispersal seed
predators. By contrast, the low number plant species predated
by Pyralidae may be explained by the comparatively lower
number of plant species of trees flowering and maturing fruit
during the dry season in the VCP. Additionally, spatial dispersion
of plants may be influencing the incidence of certain predispersal
seed predator families. The incidence of PSP increases with
increasing plant population size and decreasing distance to the
nearest population (Arvanitis et al., 2007). An aggregated plant
dispersion, together with a high plant species density during the
rainy season (Ramı́rez, 2002, 2003), showed to constitute the best

condition for seed predation by bruchids. Indeed, low rates of
bruchid infestation have been attributed to the low density and
sparse distribution of plant species (Vandermeer, 1974; Miller,
1996). In contrast, random plant dispersion and a low plant
species density during the dry season (Ramı́rez, 2003) appeared to
be associated with seed predation by Pyralidae.

Predispersal seed predator families and fruit–seed traits

The qualitative fruit traits and dispersal syndromes had no
clear association with the main families of seed predators.
However, Bruchidae were associated with dehiscent fruits,
legumes, epizoochory and granivochory. In contrast, many of
host plant species predated by bruchids have been recorded from
indehiscent fruits (Center and Johnson, 1974), which obey to the
fact that many bruchids exit from the fruit by their own exit hole
and not by fruit dehiscence. Hence, indehiscence has apparently
not excluded chewing insects, as pointed out by Moore (1978). On
the other hand, Curculionidae appear to be associated with
indehiscent fruits and seed dispersal by endozoochory. Similarly,
Janzen (1980) recorded five of the 12 curculionid prey on non-
legume families in the Costa Rica Deciduous Forest. This insect
family seems to be more adapted to infest indehiscent–fleshy
fruits. Variations in fruit morphology and dispersal syndrome may
also suggest that morphological differences in fruits reduce
competition and promote coexistence between coleopteran
families. In the other side, Pyralidae, more associated with
abiotically dispersed seeds, were more commonly found in large
fruits, and their presence matches with flowering and fruiting
phenology during the dry season.

Seed wideness and fruit mass, and to a lower extent seed
length, starch and protein proportion, were the best predictor
variables of the differences among seed predator families,
showing significant differences between Bruchidae and Pyralidae.
Fruit and seed length and fruit mass were significantly higher for
plant species predated by Pyralidae than for plant species
predated by the main two coleopteran families. Pyralidea tends
to prey upon more than one seed per fruit, which is usual when
the larva is much larger than a single seed and thus lives outside it
(Janzen, 1980). This is probably the reason why Pyralidae, with
large larval sizes, are found preying on the largest seeds and fruits,
and on the heaviest, abiotically dispersed fruits as well. In
contrast, the size of many bruchid species may be constrained
by the size of the seed in which it develops (Center and Johnson,
1974; but see Szentesi and Jermy, 1995). In VCP, bruchid larvae
tend to prey upon single seeds whereas Curculionidae prey with
similar frequency either single seeds or more than one seed per
fruit, which suggest that bruchids might have a more specialized
niche.

Predispersal seed predator families and seed nutritional value

Bruchidae seems to be the most specialized insect family of
predispersal seed predation, whereas lepidopterans, represented
mainly by Lycaenidae, are much more unspecialized, using fruits
from many plant families. Curculionidae exhibits different
strategies and/or levels of specialization, which could be asso-
ciated with the most variable feeding and breeding types (Daly
et al., 1998). The larval biology of Pyralidae is highly variable,
including external feeder on foliage, borers in stems, seeds, or
fruit, gall-inhabiting forms, scavengers, and a few insect predators
(Daly et al., 1998). In addition, insect larval survival depends on
the nutritional quality of fruits (Sallabanks and Courtney, 1992).
Among biochemical traits, only the fraction of seed proteins
showed to be more associated with Bruchidae than with
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Curculionidae and Pyralidae. The highest protein content in seeds
predated by Bruchidae, compared with the Curculionidae and
Pyralidae, indicates a high level of food selection by Bruchidae and
agrees with the fact that all Bruchidae feed in the seeds of plants
(Daly et al., 1998). Alternatively, high protein content, estimated
as nitrogen, may include non-proteic amino acids, which
frequently forms toxic compounds (Rehr et al., 1973a), and many
coleopteran species have become specialists on these toxics
compounds (Janzen, 1969, 1977a; Janzen et al., 1977; Bowers,
1988).

Types of predispersal seed predation-level of specialization

In the VCP and their habitats, one larva developing in a single
seed was the most common type of PSP, closely followed by one
or more larvae developing outside seeds within the fruit. Seed
predation by adult insects was the least frequent. In contrast,
Center and Johnson (1974) reported that two-thirds of the
bruchids fed hidden inside a single seed and pupated there; and
one-third consumed one seed almost completely or fed on several
seeds and pupated outside of a seed. The classification of seed
predation based on the type of predation according the stage
insect attacking the seeds (larva or adult) and how many seeds
are attacked by larva, seem to be related with the level of
specialization (but not unavoidably species specialist), and
taxonomic group of insects. In this context, high levels of
specialization found by Center and Johnson (1974) belong to
Bruchidae. Host specificity may also be related to seed size
(Miller, 1996). One larva developing in a single seed (Type I) seem
to be the most developed and evolutionary type of PSP by insects
because such interactions are coupled by morphological adapta-
tions between insect and its seed. Zwölfer and Brandl (1989)
suggest that the evolution of herbivorous guild may be strongly
dependent on the way how the host resource is exploited:
endophagy vs. ectophagy, and morphometric differences of
endophytic species may evolve in response to size of the use
plant structures, a pattern not evident in ectophytic species. By
analogy, we may extrapolate that Type I act as endophytic and
Type II act as ectophytic insects or quasi-endophagous PSP
according to Szentesi and Jermy (1995). Therefore, from devel-
opmental and evolutionary context, one or more larvae develop-
ing outside seeds within the fruit (Type II) could be considered as
less intimately related with morphometrical traits of seed.
In contrast, Type I could be considered evolutionary more
specialized, under the premise that concealed herbivore guilds
are more specialized than those that feed externally (Novotny and
Basset, 2005).

Vegetation, fruit–seed morphology and types of PSP

The levels of PSP specialization occur in association with
vegetation structure. The most specialized PSP (Type I) tended to
occur in more structured habitats, forest–savanna transition,
than the other two more generalized types (Type II and III),
successional stages, including disturbed habitats. This trend
suggests that the levels of PSP specialization increase together
the increment of succession stages. PSP specialization is also
associated with morphological fruit type and seed. The qualitative
characteristics of fruits and dispersal syndromes showed that
samaras, drupes and others indehiscent fruits tended to be more
preyed upon by single larvae in single seeds, whereas capsules
appeared to be more attacked by larvae that prey upon one or
more seeds and also by adult insects. Moreover, seed predation by
adult insects was also associated with dehiscent fruits. Apparently
there are different adaptations of the type of PSP and fruit

morphology. Indehiscent fruits, mostly with one or few seed per
fruit, conditioned more specialization of PSP, probably related
with seed-insect sizes. In contrast, dehiscent fruits, mostly many-
seed fruit, allow that larvae may consume more seeds during their
development, mainly when seed size is not large enough to supply
all food for one or more than one larvae.

Legume seeds attacked by Bruchidae can be distinguished by
their larger seeds, smaller number of seeds, and less weight of
seeds per seed crop per unit of canopy from those species that are
not attacked (Janzen, 1969; see also Szentesi and Jermy, 1995).
The number of seeds per fruit was significantly lower whereas
seed biomass was significantly higher for Type I than for Type II.
This trend is intimately related with the strategy of predator
satiation. A more common bruchid evolutionary reaction to the
strategy of predator satiation is that one larva utilizes almost the
entire seed instead of only a small portion or that one larva feeds
on several seeds (Center and Johnson, 1974). In our study, the
types of PSP are basically distinguished by nutritional composi-
tion: the variables predicting the differences between Type I from
Type II were the proportion of starch, fat, fiber and protein, and
secondarily by the proportion of ashes, which seem to be
modeling the level of specialization. Furthermore, among nutri-
tional characteristics, only the fraction of crude fiber in seeds
showed to be significantly higher for Type II than for Type I. Most
of seed fiber is in the seed coat, which acts as barrier against
predation, as it usually is hard or toxic (Janzen, 1971, 1977a;
Siemens et al., 1992). Seed number and seed biomass was also
associated with seed nutritional composition. In this context, the
many-seeded fruits of Type II have large defensive barriers against
seed predators, and most multi-seeded fruits are dehiscent if
compared with the one- or few-seeded indehiscent fruits (Type I).
Moreover, seed coat of dehiscent fruits tend to be thicker than
that of indehiscent fruits (Parisca and Ramı́rez, 1989), which may
act as a defensive barrier against seed predation Type II.

Predispersal seed predator richness

According to Holt and Pickering (1985), one of the main goals
of community ecology is to identify the relative importance of
those factors that determine the coexistence of species and,
ultimately, species richness of community. Besides plant richness,
there are other factors that may be affecting the diversity of insect
seed predator species. Our results agree with the prediction that
plant species richness may play an important role on the richness
of seed predator species. The number of insect seed predator
species and plant richness are positively correlated between
habitats of the VCP, which suggests that the number of seed
predator species is, in part, influenced by the number of plant
species in habitats.

A limited number of host plant species that can potentially be
predated may be considered as the main restrictive factor for
predator richness, due to competitive limitation. In addition, each
habitat in the VCP has particular properties and certain number of
plant species growing exclusively in these areas (Ramı́rez, 2003),
which may contribute with differentiation process of predispersal
seed predator species, and therefore with predator species
richness. This pattern is partly due to the relative contribution
of each habitat to the pool of insect species, which varies
according to habitat structure and plant species richness. Habitat
structure and life form may play an important role on predis-
persal seed predator species richness and its relation with the
number of plant species predated. Herbaceous habitats are
considered as earlier successional stages than woody habitats in
the VCP (Ramı́rez, 2003). Therefore, predispersal seed predator
species richness seems to increase throughout successional
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stages, where herbaceous habitats, such as disturbed areas,
characterized by the abundance of annual species, may explain
the lowest incidence of predispersal seed predator species.

Plant life form may determine host specificity of herbivores in
temperate areas (Ward et al., 1995). A high and low richness of
insect seed predator species in woody and herbaceous habitats,

respectively, could be associated with characteristics specific of
dominant plant life forms in each type of habitat. This trend is
primarily explained by the association between forest habitat and
woody species, and herbaceous habitats and herbs (Ramı́rez,
2003). Furthermore, trees tend to suffer more from PSP compared
to herbaceous species, which may reflect that trees are larger and

Table A1
Families and the number of plant species evaluated for predispersal seed predation in the VCP.

Plant family Plant species Deviation from expected 1:1 significance Plant species preyed (%)a

Seed predated Non-seed predated

N(%) N(%)

Acanthaceae 1(100) 0(0) N.A. 1.12

Alismataceae 0(0) 1(100) N.A 0.00

Amaranthaceae 0(0) 1(100) N.A 0.00

Anacardiaceae 0(0) 1(100) N.A 0.00

Annonaceae 1(50) 1(50) N.A 0.00

Araceae 1(100) 0(0) N.A 1.12

Arecaceae 1(50) 1(50) N.A 1.12

Aristolochiaceae 0(0) 1(100) N.A 0.00

Asclepiadaceae 0(0) 4(100) N.A 0.00

Asteraceae 2(25) 6(75) N.S. 2.24

Bignoniaceae 4(44) 5(56) N.S. 4.49

Boraginaceae 4(100) 0(0) N.A 4.49

Burceraceae 1(100) 0(0) N.A 1.12

Cactaceae 0(0) 2(100) N.A 0.00

Caesalpiniaceae 7(100) 0(0) S 7.87
Capparidaceae 1(100) 0(0) N.A 1.12

Chrysobalanaceae 0(0) 1(100) N.A 0.00

Cochlospermaceae 0(0) 1(100) N.A 0.00

Combretaceae 1(50) 1(50) N.A 1.12

Connaraceae 1(100) 0(0) N.A 1.12

Convolvulaceae 3(60) 2(40) N.S. 3.37

Cucurbitaceae 1(50) 1(50) N.A 1.12

Cyperaceae 0(0) 3(100) N.A 0.00

Dilleniaceae 0(0) 2(100) N.A 0.00

Dioscoriaceae 0(0) 1(100) N.A 0.00

Erythroxylaceae 1(100) 0(0) N.A 1.12

Euphorbiaceae 2(100) 0(0) N.A 2.24

Fabaceae 18(64) 10(36) N.S. 20.22
Flacourteaceae 2(50) 2(50) N.A 2.24

Iridaceae 0(0) 1(100) N.A 0.00

Lamiaceae 2(50) 2(50) N.A 2.24

Lecytidaceae 0(0) 1(100) N.A 0.00

Loranthaceae 2(67) 1(33) N.A 2.24

Malpighiaceae 2(67) 1(33) N.A 2.24

Malvaceae 2(33) 4(67) N.S. 2.24

Maranthaceae 0(0) 1(100) N.A 0.00

Martyniaceae 0(0) 1(100) N.A 0.00

Menispermaceae 1(50) 1(50) N.A 1.12

Mimosaceae 11(65) 6(35) N.S. 12.35
Myrtaceae 2(100) 0(0) N.A 2.24

Nyctaginaceae 0(0) 1(100) N.A 0.00

Orchidaceae 1(100) 0(0) N.A 1.12

Passifloraceae 1(50) 1(50) N.A 1.12

Poaceae 0(0) 9(100) S 0.00

Polygalaceae 0(0) 1(100) N.A 0.00

Rhamnaceae 0(0) 1(100) N.A 0.00

Rubiaceae 4(67) 2(33) N.S. 4.49

Rutaceae 0(0) 1(100) N.A 0.00

Sapindaceae 1(33) 2(67) N.A 1.12

Smilacaceae 0(0) 1(100) N.A 0.00

Solanaceae 2(100) 0(0) N.A 2.24

Sterculiaceae 2(50) 2(50) N.A 2.24

Tiliaceae 2(100) 0(0) N.A 2.24

Turneraceae 0(0) 1(100) N.A 0.00

Verbenaceae 0(0) 7(100) S 0.00

Violaceae 0(0) 1(100) N.A 0.00

Viscaceae 0(0) 1(100) N.A 0.00

Vitaceae 2(100) 0(0) N.A 2.24

Vochysiaceae 0(0) 1(100) N.A 0.00

Total species 89(47.6) 98(52.4) N.S. –

N.S.¼not significant; S¼significant at Po0.05; N.A.¼not available (non-performed test because sample size is less than five).

a Values for legume group in bold.
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Table A2
Taxonomic categories of plant and insect species, and types of predispersal seed predation for 89 plant species.

Plant family and species Order Family Species Types of predationa

Acanthaceae

Ruellia geminiflora Kunth NA NA Larvae SL/S

Annonaceae

Annona jahnii Safford NA NA Larvae SL/S

Araceae

Philodendron hederaceum (Jacq.) Schott NA NA Larvae SL/S

Arecaceae

Copernicia tectorum (H.B.K.) Martius Coleoptera Bruchidae Pachymerus bactris (L.) OL/S

Asteraceae

Chromolaena ivaifolia (L.) R.M. King & H. Rob. NA NA Larvae SL/S

Verbesina caracasana H. Rob. & Greenm. Hemiptera NA Hemiptera-sp1 AP

Bignoniaceae

Arrabidaea corallina (Jacq.) Sandw. Coleoptera NA Coleoptera-sp2 SL/S

Arrabidaea mollisima (H.B.K.) Bur. & K. Schum. Coleoptera Bruchidae Bruchidae-sp3 SL/S

Coleoptera Curculionidae Apion sp3 SL/S

Conotrachelus sp2 SL/S

Lepidoptera NA Lepidoptero-sp2 SL/S

Pithecoctenium concigenum (L.) Gentry Coleoptera NA Coleoptera-sp2 SL/S

Lepidoptera Pyralidae Pyralidae-sp2 SL/S

Pleonotoma clematis (H.B.K.) Miers Lepidoptera Pyralidae Chrysauginae sp1 SL/S

Tanaecium joroba Sw. Coleoptera NA Larvae SL/S

Lepidoptera NA Lepidoptero-sp3 SL/S

Boraginaceae

Cordia curassavica (Jack.) Roemer & Schultes Coleoptera Curculionidae Curculionidae-sp3 OL/S

Cordia polycephala (Lam.) Johnston Curculionidae Curculionidae-sp3 OL/S

Lepidoptera NA Larvae SL/S

Cordia toqueve Aublet Coleoptera Bruchidae Amblycerus alternatus (Pic) OL/S

Tournefortia maculata L. Lepidoptera NA Larvae OL/S

Burceraceae

Protium heptaphyllum (Aublet) March Coleoptera Curculionidae Curculionidae-sp1 OL/S

Hymenoptera Braconidaeb Braconidae-sp1 OL/S

Lepidoptera NA Larvae OL/S

Caesalpiniaceae

Bauhinia ungulata L.c Coleoptera Bruchidae Caryedes spyripygus Kingsolver OL/S

Caryedes stenocephalus (Gyllenhal) OL/S

Caryedes x-liturus Pic OL/S

Gibbobruchus cavillator (Fahraeus) OL/S

Hymenoptera Formicidae Atta sexdens (L.) AP

Caesalpinia coriaria (Jacq.) willd. Coleoptera Bruchidae Acanthoscelides piceoapicalis (Pic) OL/S

Cassia moschata H.B.K. Coleoptera Bruchidae Bruchidae-sp4 OL/S

Lepidoptera Pyralidae Pyralidae-sp1 SL/S

Chamaecrista cultrifolia (H.B.K.) B. & R. Coleoptera Curculionidae Larvae SL/S

Copaifera pubiflora Benth.d Coleoptera Curculionidae Apion sp5 SL/S

Curculionidae Rhynochenus brevicollis Chevrolat OL/S

Lepidoptera Pyralidae Larvae SL/S

Hymenaea courbaril L. Coleoptera Curculionidae Rhinochenus stigma (Linneaus) OL/S

Sclerolobium aureum (Tul.) Benth. Coleoptera Scolytidae Xyleborus sp1 OL/S

Capparaceae

Capparis hastata Jacq. Coleoptera Tenebrionidae Tribolium castaneum (Herbst) SL/S

Combretaceae

Combretum fruticosum (Loefl.) Stuntz Coleoptera Bruchidae Amblycerus perfectus (Sharp) OL/S

Bruchidae Zabrotes subfasciatus (Boheman) OL/S

Connaraceae

Connarus venezuelensis Baill. Coleoptera NA Coleoptera-sp3 OL/S

Homoptera Cicadellidae Sordana sordida (Stal) AP
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Table A2 (continued )

Plant family and species Order Family Species Types of predationa

Convolvulaceae

Ipomoea carnea Jacq. Coleoptera Bruchidae Megacerus reticulatus (Sharp) OL/S

Ipomoea sericophylla Meisnh. Coleoptera Bruchidae Megacerus deceptor Teran & Kingsolver OL/S

Jacquemontia tannifolia NA NA Larvae OL/S

Cucurbitaceae

Cayaponia racemosa (Mill.) Cogn. Coleoptera Bruchidae Amblycerus sp2 OL/S

Coleoptera Curculionidae Phymatophosus scapularis Champion OL/S

Phymatophosus scops (Pascoe) OL/S

Erythroxylaceae

Erythroxylum orinocense H.B.K. Coleoptera Curculionidae Larvae OL/S

Euphorbiaceae

Croton trinitatis Millsp. Hymenoptera Formicidae Conomyrma sp1 SL/S

Dalechampia scandens L. NA NA Larvae OL/S

Fabaceae

Aeschynomene brasiliana Poir. DC Coleoptera Bruchidae Meibomeus surrubresus (Pic) OL/S

Aeschynomene pratensis Small Coleoptera Bruchidae Acanthoscelides sp2 OL/S

Aeschynomene rudis Benth. Coleoptera Curculionidae Apion sp4 OL/S

Bowdichia virgilioides H.B.K. Coleoptera Curculionidae Apion sp1 OL/S

Apion sp2 OL/S

Calopogonium muconoides Desv. Coleoptera Bruchidae Acanthoscelisdes dominicana Johnson OL/S

Centrosema pubescens Benth. Coleoptera Bruchidae Caryedes helvinus (Motschulsky) OL/S

Clitoria guianensis (Aubl.) Benth. NA NA Larvae SL/S

Eriosema rufum (H.B.K.) G. Don Coleoptera Bruchidae Acanthoscelides sp1 OL/S

Lepidoptera NA Lepidoptero-sp4 SL/S

Eriosema simplicifolium (H.B.K.) G. Don NA NA Larvae SL/S

Galactea jussiaena Kunth Lepidoptera NA Larvae SL/S

Galactea striata (Jaqc.) Urb. Coleoptera Bruchidae Acanthoscelides dominicana Johnson OL/S

Coleoptera Curculionidae Rhyssomatus sp1 SL/S

Indigofera pascuorum Benth. Coleoptera Bruchidae Acanthoscelides indigoferestes Johnson SL/S

Indigofera suffruticosa Mill NA NA Larvae SL/S

Lonchocarpus hedyosmus Miq. Coleoptera Curculionidae Larvae OL/S

Machaerium grandifolium Pittier Coleoptera Curculionidae Hormops sp1 OL/S

Machaerium moritzianum Benth. Coleoptera Bruchidae Gibbobruchus cavillator (Fahraeus) OL/S

Lepidoptera Pyralidae Phycitinae sp1 OL/S

Platymiscium pinnatum (Jacq.) Dugand NA NA Larvae OL/S

Rhynchosia melanocarpa Grear Coleoptera NA Larvae OL/S

Flacourtiaceae

Hecatostemon completus (Jacq.) Sleumer Coleoptera Cucujidae Ahasverus advena (Waltl) SL/S

Casearia mollis H.B.K. Coleoptera Curculionidae Conotrachelus sp1 SL/S

Lamiaceae

Hyptis conferta Benth. Coleoptera Cryptophagidae Cryptophagidae-sp1 SL/S

Hyptis mutabilis (Rich.) Briq. Hemiptera Lygaeidae Neortholomus jamaicencis (Dallas) AP

Loranthaceae

Phthirusa stelis (L.)Kuijt Coleoptera Curculionidae Curculionidae-sp2 OL/S

Lepidoptera NA Larvae SL/S

Psittacanthus calyculatus (DC.) G. Coleoptera Scolytidae Xyleborus sp1 SL/S

Malpighiaceae

Banisteriopsis acapulcensis (Rose) Small

var. Llanensis B. Gates Coleoptera Bruchidae Amblycerus sp1 OL/S

Byrsonima crassifolia (L.) H.B.K. Coleoptera NA Coleoptera-sp1 OL/S

Malvaceae

Sida agregata Presl Coleoptera Bruchidae Acanthoscelides brevipes (Sharp) SL/S

Sida linifolia Cav. Coleoptera Bruchidae Acanthoscelides sp1 SL/S

Coleoptera Curculionidae Larvae SL/S

Menispermaceae

Cissampelos ovalifolia DC. Coleoptera Curculionidae Rhyssomatus sp2 OL/S

Mimosaceae

Acacia rostrata H & B Coleoptera Bruchidae Stator vittatithorax (Pic) OL/S
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more apparent than herbs (Kolb et al., 2007). For instance, life
forms may enhance or limit predispersal seed predator species in
the VCP. Lawton (1983) was the first to postulate that increasing
plant size would make plants more attractive to herbivores, and
hence, more complex plant life forms offer a large variety of
resources, being colonized by a large insect diversity (resource-
diversity hypothesis). Large plants as trees and climbers represent
a more stable source to feed and bred than herbaceous species, as

they may represent a dwelling habit for insect species and many
other organisms along their life cycles. For example, pre- and
post-dispersal seed predators live on branches and barks of
Copaifera pubiflora trees during adult stages, and feed on leaves
and other parts of the same species (Ramı́rez and Arroyo, 1987b).
In contrast, herbaceous species are considered as unpredictable
habits because their small size allows to be grazed by large
vertebrates and the foliage of annual plants and cryptophytes

Table A2 (continued )

Plant family and species Order Family Species Types of predationa

Albizia lebbeck (L.) Benth. Coleoptera Bruchidae Merobruchus paquetae (Kingsolver) OL/S

Albizia pistaciifolia (willd.) Barneby & Grimes Coleoptera Bruchidae Bruchidae-sp2 OL/S

Enterolobium cyclocarpum (Jacq.)Griseb. Coleoptera Bruchidae Bruchidae-sp1 OL/S

Mimosa dormiens H. & B. Coleoptera Bruchidae Acanthoscelides ramirezi Johnson OL/S

Mimosa pigra L. Coleoptera Bruchidae Acanthoscelides guadridentatus (Schaffer) OL/S

Mimosa pudica L. Coleoptera Bruchidae Acanthoscelides ramirezi Johnson OL/S

Acanthoscelides sp1 OL/S

Mimosa sensitiva L. Coleoptera Bruchidae Acanthoscelides difficilis (Sharp) OL/S

Mimosa tenuiflora (Willd.) Poir. Coleoptera Bruchidae Acanthoscelides equivocada Johnson OL/S

Mimosa tomentosa H. et B. Coleoptera Bruchidae Acanthoscelides difficilis (Sharp) SL/S

Mimosa xanthocentra Mat. Coleoptera Bruchidae Acanthoscelides difficilis (Sharp) SL/S

Myrtaceae

Psidium guineense Sw. Coleoptera Curculionidae Anthonomus sp2 SL/S

Eugenia biflora (L.) DC. Coleoptera Curculionidae Atractomerus ramirezi Clark OL/S

Orchidaceae

Habenaria repens Nutt. Coleoptera Bruchidae Caryedes sp1. SL/S

Passifloraceae

Passiflora serrulata Jaqc. Coleoptera Curculionidae Spermalogus copaiferae Marshall SL/S

Coleoptera NA Coleoptera-sp3 SL/S

Rubiaceae

Coutarea hexandra (Jaqc.) Schum. Coleoptera Curculionidae Plocetes beluosus Clark SL/S

Rhyssomatus sp3 SL/S

Diodia apiculata (Willd. ex R. & S.) Schum. NA NA Larvae OL/S

Genipa americana var. caruto Diptera NA Acalyptrate-sp1 SL/S

Lepidoptera Pyralidae Phycitinae sp1 SL/S

Rosenbergiodendron formosum (Jacq.) Fagerl. NA NA Larvae SL/S

Sapindaceae

Paullinia coruru L. Coleoptera NA Larvae SL/S

Solanaceae

Cestrum alternifolium (Jaqc.) O. Schalz Coleoptera NA Coleoptera-sp1 SL/S

Solanum bicolor Roem. & Schult. Coleoptera Curculionidae Anthonomus sp1 SL/S

Sterculiaceae

Guazuma ulmifolia Lam. Coleoptera Bruchidae Acanthoscelides univittatus (Pic) SL/S

Melochia parvifolia H.B.K. Coleoptera Curculionidae Chelotonyx fasciculata Champion SL/S

Lepidoptera NA Lepidoptero-sp5 SL/S

Tiliaceae

Luehea candida (DC.) Mart. Coleoptera Bruchidae Amblycerus sp2 SL/S

Lepidoptera NA Lepidoptero-sp1 SL/S

Triumpheta semitriloba Jacq. Coleoptera Bruchidae Acanthoscelides manducus Johnson SL/S

Vitaceae

Cissus alata Jaqc. Coleoptera Curculionidae Larvae OL/S

Cissus erosa L.C. Rich. Coleoptera Curculionidae Larvae OL/S

a OL/S¼one larvae per seed; SL/S¼several larvae per seed; AP¼adult predation.
b Braconidae is a group basically parasitoid, but recently a species of Braconidae have been found seed predator in a plant species of the same genus (Flores et al.,

2005).
c From Hokche (1984).
d From Ramı́rez and Arroyo (1987a, b).
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disappear during the adverse season. Furthermore, woody
species frequently have fruits and seeds larger than herbaceous
species (Salisbury, 1942; Ramı́rez, 1993), which allows a larger
number of insect seed predator species in them. In fact, trees and
climbers have the highest values of plant species predated.
Lastly, toxic fruits are overrepresented among herbaceous
species (Ehrlén and Eriksson, 1993). Therefore, both vegetation
structure and plant life form influence the levels of host
specificity, and ultimately, the species richness of seed predators
in a particular habitat.

Concluding remarks

(1) There is an important taxonomic effect on the incidence of
PSP by insects at the community level, the Legume group being
the most intensively attacked; however, this taxonomic effect
may not be generalized because other communities with low
number of legume species exhibit also similar incidence of PSP.
Predated species showed to bear rich sources of carbohydrates
whereas non-predated species were more likely to have heavy
seeds and with high amounts of crude fiber. (2) The most
diverse taxonomic order of insects was Coleoptera (Bruchidae and
Curculionidae), followed by Lepidoptera (Lycaenidae), which
seem to be primarily influenced by floristic composition, and
secondarily, by vegetation structure and fruit morphology. (3)
One larva developing in a single seed was the most common
type of PSP, closely followed by one or more larvae developing
outside seeds within the fruit; predation by adult insects
was the least frequent type, indicating a high level of
specialization. The levels of PSP specialization increase along
the vegetation succession stages. The types of PSP are basically
distinguished by nutritional composition: the variables predict-
ing the differences between Type I from Type II were the
proportion of starch, fat, fiber and protein, and secondarily by
the proportion of ashes. (4) The number of seed predator species
in a habitat is partially influenced by the number of plant
species present in it. Habitat structure and life form seem to
play an important role on predispersal seed predator species
richness and on its association with the number of plant species
preyed upon.
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G. Pedralli, F. González, G. Davidse, G. Prance, G. Agostini, P. Berry,
P. Ravena, B. Holst, M. J. Huft, D.F. Austin, G.L. Webster, M. Ramia,
W. Meijer, T. Croat, S. Ferrucci, J.S. Miller, C.M. Taylor, F. Zuluaga,
R. Kral, and G.C. Tucker for plant species identification. Finally, we
acknowledge Proyecto CYTED 240106 ‘‘Las interacciones ecológi-
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