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a b s t r a c t

Although neotropical savannas and grasslands, collectively referred to as cerrado, are rich

in seed-eating species of rodents, little is known about seed predation and its determinants

in this habitat. In this study, we investigated seed predation and damage to fruits of the

widespread shrub Solanum lycocarpum. In addition, the influence of two possible determi-

nants (distance from the parental plant and total crop size) on the feeding behaviour of

Oryzomys scotti (Rodentia, Sigmodontinae) was also examined. O. scotti were captured

more frequently close to the shrubs or on shrub crops, indicating that these rodents were

attracted to the shrubs and that seed predation was probably distance-dependent. More-

over, the proportion of damaged fruit on the plant decreased as the total crop size increased;

consequently, more productive plants were attacked proportionally less by rodents. This

pattern of fruit damage may reflect predator satiation caused by the consumption of a large

amount of pulp. Alternatively, secondary metabolites in S. lycocarpum fruits may reduce the

pulp consumption per feeding event, thereby limiting the number of fruits damaged.

ª 2006 Elsevier Masson SAS. All rights reserved.
1. Introduction

Seed predation by animals is one of the main causes of mor-

tality in higher plants (Hulme, 2002; Hulme and Benkman,

2002). Insects and vertebrates are often able to predate almost

all seeds set in a reproductive season (Blate et al., 1998), and

high rates of seed predation may play a key role in plant pop-

ulation dynamics (Maron and Simms, 2001) and community

structure (Janzen, 1970; Webb and Peart, 1999). Rodents are

important seed predators in many habitats, such as neotropi-

cal forests (Forget, 1992; Hoch and Adler, 1997; Brewer and
Rejmanek, 1999), temperate, deciduous woodlands (Hulme

and Hunt, 1999), mesic grasslands (Edwards and Crawley,

1999), and shortgrass steppes (Hoffmann et al., 1995). Rodents

act as pre-dispersal (Hulme, 2002; Fedriani et al., 2004) or post-

dispersal (Forget and Milleron, 1991; Hulme, 1994) seed preda-

tors, and seed predation by rodents may markedly affect plant

reproductive dynamics. Hence, understanding the factors that

determine the extent of seed predation is a key aspect in deci-

phering how seed–animal interactions are organized.

In Neotropical forests, the determinants of post-dispersal

seed predation by rodents, especially dasyproctids, have
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been investigated and we now know how factors such as seed

size (Jansen et al., 2002), secondary chemistry (Guimarães

et al., 2003), presence of pulp (Guimarães et al., 2005), fruit in-

festation by insects (Silvius, 2002), diaspore burial (Silva and

Tabarelli, 2001), distance to the nearest reproductive individ-

ual (Wright and Duber, 2001), conspecific adult tree clustering

(Forget, 1993; Peres et al., 1997), gestation status of seed-eating

rodents (Henry, 1997), and season of the year (Henry, 1999;

Peres et al., 1997) can affect this predation. In contrast, the de-

terminants of pre-dispersal seed predation by rodents have

generally been overlooked. This is especially true for non-for-

est habitats, such as the savannas and grasslands in central

Brazil, collectively known as cerrados (Oliveira and Marquis,

2002), for which little is known about seed predation by inver-

tebrates and vertebrates (Marquis et al., 2002).

In this study, we investigated the interactions between

Neotropical rodents and Solanum lycocarpum fruits in a region

of cerrado in central Brazil. S. lycocarpum is a conspicuous

plant in cerrados, where it occurs in natural areas and pas-

tures. In particular, we addressed the following questions:

(1) Which rodent species attacked the fruits of S. lycocarpum

prior to dispersal? (2) Was rodent activity correlated with the

proximity of fruiting S. lycocarpum shrubs? and (3) How crop

size affected the number of fruits that were not attacked by

rodents?

2. Material and methods

In June 2002, fieldwork was done in the Reserva Ecológica do

IBGE – Instituto Brasileiro de Geografia e Estatı́stica (15�570S,

47�530W), a 1.4 ha protected area located in the center of the cer-

rado formation, close to Brası́lia, in central Brazil (Briani et al.,

2004). The climate of this area is markedly seasonal, with

a dry season between May and August (<10% of the annual pre-

cipitation). The average temperature is 21.9 �C, and the mean

annual rainfall is 1469 mm. Typically, cerrado vegetation

includes an array of vegetation physiognomies, such as grass-

lands, woodlands, dry forests and evergreen forests (Oliveira-

Filho and Ratter, 2002). The areas selected for sampling in this

work were located in cerrado sensu stricto, and had a total

woody plant cover of 40–70%, with scattered trees and shrubs,

acanopygenerally5–7 mhighandagroundlayerwithavariable

covering of grasses and herbs (see Ratter, 1991 for a detailed de-

scription). The rodent species encountered in this study area in-

cluded Necromys lasiurus Lund. (the most abundant species),

Oryzomys scotti Langguth and Bonvicino, Thalpomys cerradensis

Hershkovitz, Thalpomys lasiotis Thomas, Calomys tener Winge,

Calomys callosus Rengger and Oligoryzomys microtis Allen.

2.1. Plant species

Solanum lycocarpum St. Hil. (Solanaceae), locally known as

‘‘lobeira’’, is a polymorphic species that occurs principally in

disturbed areas of the cerrado of central Brazil. Plants from

central Brazil are 3 m high shrubs with branches covered by

prickles and trichomes. Green, hairy, spheroidal fruits are pro-

duced all year round and are usually dispersed by mammals

such as maned wolves (Chrysocyon brachyurus) and cattle

(Pott and Pott, 1994). The large fruits weigh up to 750 g and,
after complete ripening, the pulp emits a characteristic smell

(Lombardi and Motta, 1993). There are 600–800 suboval, black

seeds (4.0� 1.0 mm� 6.0� 2.0 mm, mean� SD) per fruit

(Lombardi and Motta, 1993).

2.2. S. lycocarpum as an attractant of Oryzomys
scotti

We examined 12 fruiting individuals of S. lycocarpum and

sought evidence of seed predation and pulp damage by ro-

dents. Traps to capture small mammals were baited with

a slice of fruit containing pulp and seeds and were placed

on or close to these 12 fruiting plants. The traps were checked

early in the morning and the bait was renewed if necessary.

Captured rodents were identified to the species level,

weighed and released at the same point of capture. To deter-

mine whether rodent activity was correlated with the dis-

tance to fruiting S. lycocarpum shrubs, three traps were

placed at different distances from the closest fruiting S. lyco-

carpum shrub: (i) on the ground, close to the trunk of the

plant, (ii) on the ground, 5 m from the plant, and (iii) on the

ground, 10 m from the plant. An additional trap was placed

1.5 m high in the crop of the plant. Hence, four traps were

used in each plant. Each trap was set for 10 consecutive

nights. Fallen fruits were removed to avoid any potential ro-

dent–fruit interaction that could reduce the success of cap-

ture. However, we did not remove any fruits from the

plants, so as not to introduce excessive bias into the system.

Consequently, our trapping success in the fruit crop was

probably underestimated.

We calculated the success rate of trapping for each rodent

species in each trap. Trapping success rate was defined as

the proportion of nights in which at least one individual of

a given species was captured. Nights and traps in which other

small mammals were captured were not considered when cal-

culating the success rate of a given species. Bootstrapping pro-

cedures (10,000 randomizations) were used to generate a 95%

confidence interval (CI) for the observed average success of

trapping for each of the four distances indicated above. The

confidence limits were determined using the percentile

method (Manly, 1997). We expected that if rodents were

attracted to fruiting shrubs then the trapping success rate

would be higher in the fruit crop and close to the shrub than

at 10 m from the closest shrub.

The success rate for traps placed close to the same plant

was influenced by the particularities of each shrub. To control

for the individual effect, we calculated the difference D be-

tween the trapping success rate close to the trunk of a plant

and that of traps 5 m and 10 m from the plant. The resulting

values of D were averaged for the 12 plants. This analysis

was done only for O. scotti because the trapping success for

the other species was very low (see Section 3). We expected

D> 0 if O. scotti were attracted to the proximity of the shrub.

We used resampling methods (10,000 randomizations) and

calculated the empirical distribution of D by assuming a ran-

dom trapping success rate for the plant, i.e., the trapping suc-

cess would be randomized between the two distances for the

same plant but not among the plants. If the observed value of

D was significantly higher than expected by chance after con-

trolling for the effects peculiar to each shrub, then O. scotti was
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considered to have been attracted to the proximity of S. lyco-

carpum. We did not use the trapping success rate in the fruit

crop in this analysis because it was probably underestimated

(see above).

2.3. Crop size and damage to fruits by rodents

To test whether crop size affected the number of fruits that

escaped attack by rodents, we recorded the crop size (the total

number of fruits) and the intact crop size (the number of fruits

not damaged by rodents) for each S. lycocarpum shrub (n¼ 12).

The data were fitted to the power-law function y ¼ axb and fit-

ting was done using a log-transformation and a least-square

linear regression (according to Harms et al., 2000):

logðyþ 1Þ ¼ b logðxþ 1Þ þ log a;

where x is the recorded crop size at the shrub, y is the intact

crop size remaining at the time of observation, and b is the

slope representing the rate at which the intact crop size varies

relative to the recorded crop size. If b ¼ 1, then the proportion

of intact fruits is independent of total crop size, whereas if

b > 1, then the proportion of intact fruits increases with crop

size, and if b < 1, then the proportion of intact fruits decreases

with crop size. The slope was tested with a paired t-test to

compare the observed number of intact fruits with the

expected value when b ¼ 1 (Harms et al., 2000). The expected

values were calculated by substituting the b value for 1.

3. Results

Ripe fruits and seeds attacked by rodents showed the same

pattern of predation (gnawed) and were found on the ground

and on the plants. We captured 77 rodents belonging to three

species, namely, N. lasiurus (8 records), C. callosus (4 records)

and O. scotti (65 records).
O. scotti were captured more frequently close to the shrubs

or on the shrub crops (Fig. 1) while predating on seeds (pre-

and post-dispersal) and consuming pulp. Indeed, this species

was the only species captured on shrub crops (Fig. 1). The

other two species had very low trapping success rates and

no clear pattern of variation in relation to the distance from

the shrubs. Since the sample sizes for N. lasiurus and C. callosus

were small, only O. scotti was used in subsequent analyses.

After controlling for individual shrub effects, there was still

evidence that O. scotti was attracted to S. lycocarpum. The

observed values of D for the 0–5 m (D¼ 0.16) and 0–10 m

(D¼ 0.24) comparisons were significantly higher than

expected by the empirical distribution generated by randomi-

zation procedures (P< 0.005 for both distances).

Crop size varied from 5 to 13 fruits. The number of intact

fruits varied markedly among the shrubs (from 25% to 86% of

fruits). However, the intact crop size was not proportional to to-

tal crop size. The functional relationship between intact and to-

tal crop sizes was: log (intact crop size)¼�1.09þ 1.26� log (total

crop size) (least-squared log–log regression, F¼ 11.66, R2¼ 0.49,

n¼ 12, P¼ 0.006). The observed slope (1.26) was significantly

greater thanthe valueofb¼ 1 expected inthecase of proportion-

ality (paired t-test, t¼ 5.84, d.f.¼ 11, P< 0.001) (Fig. 2).

4. Discussion

Neotropical savannas and grasslands have a rich fauna of ro-

dents (well-known seed predators) that include more than 50

species, which corresponds to 45% of non-flying mammalian

species in these regions (Marinho-Filho et al., 2002). Indeed,

at least 33 species of rodents include seeds in their diet, and

granivory is especially common in murid rodents (27

spp.> 80% of the species in this family) (Marinho-Filho et al.,

2002). Since rodents are often abundant in cerrados (Alho

and Pereira, 1985; Ernest and Mares, 1995; Marinho-Filho

et al., 2002), seed predation by rodents, especially murid
Fig. 1 – The success rate in trapping rodents as a function of distance to the nearest Solanum lycocarpum plant. The

rodent species are Oryzomys scotti (white columns), Necromys lasiurus (grey columns) and Calomys callosus (black

columns). The bars indicate the 95% confidence intervals estimated using bootstrapping procedures.
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Fig. 2 – The relationship between crop size (number of fruits) and intact crop size of shrubs of Solanum lycocarpum. Solid

line indicates the power-law that best fits the data. The slope of 1.26 is significantly greater than 1.0, suggesting

that larger crop sizes are attacked proportionally less than smaller crops.
rodents, is expected to have profound effects on plant repro-

ductive dynamics.

The results of this study provide evidence of seed preda-

tion and pulp consumption of S. lycocarpum fruits by rodents,

mainly O. scotti. Seed predation directly affects plant repro-

ductive success by reducing the total number of seeds that

may be recruited (Hulme, 2002). However, seed predation is

probably not the most negative impact of rodent attacks.

The large fruits of S. lycocarpum contain hundreds of small-

sized seeds and many seeds are likely to escape rodent con-

sumption. The consequences of damage to the fruit may be

potentially the most negative effect of rodent activity for S.

lycocarpum, which produces only a few large fruits at a time.

Such damage may allow pathogens, such as fungi, to attack

the pulp, thereby reducing the attractiveness of these fruits

to seed dispersers (e.g. Cipollini and Stiles, 1993).

The non-linear relationship between total and intact crop

size indicated that the effects of pre-dispersal seed predation

by O. scotti were not uniform among individuals of S. lycocar-

pum: individuals with larger crops had a lower proportion of

damaged fruits than those with smaller crops. We propose

two non-mutually exclusive hypotheses to explain the reduc-

tion in the proportion of fruits damaged relative to crop size.

First, this pattern of damage may reflect predator satiation,

as suggested by other studies of seed predation involving ro-

dents (Theimer, 2001; Schnurr et al., 2002; but see Manson

et al., 1998). In the O. scotti–S. lycocarpum system, the consump-

tion of pulp by rodents and the huge fruit size may increase

the chances of predator satiation. Second, the high concentra-

tion of secondary metabolites in S. lycocarpum fruits may in-

hibit extensive pulp consumption per feeding event, thereby

reducing the number of fruits damaged (Cipollini, 2000).

Future work should investigate these hypotheses.
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