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Abstract

In this study, I tested the effect of Syagrus loefgrenii nut number on the removal intensity by rodents across seasons.
Also, I assessed both S. loefgrenii fruit production, and dispersion pattern to analyze the relationship between these
parameters and nut removal. Trials were performed (autumn, winter, spring, and summer), in which endocarps were
placed inside trays (5, 15, and 40 endocarps) in the Cerrado (Brazilian savanna). Syagrus loefgrenii exhibited clumped
distribution, although its local density had no correlation with endocarp removal rate. Despite of variations, S. loefgrenii
fruit production had no seasonal difference, although, high proportions of endocarps were year round removed.
This mostly results from nearly complete endocarp loss in depots of 5 and 15, while the opposite occurred in those of
40. Hence, the intensity of removal consistently decreases with endocarp number, so that endocarp removal conformed
to negative distance-dependence. As this palm exhibit clumped distribution and, in principle, fruit asynchronously,
if, at least, a group of neighboring stems bore fruits simultaneously, an enhanced number of nuts might be available
at a given site. Therefore, seeds within a dense S. loefgrenii fruit patch might experience high survival rates due to
satiation of post dispersal seed predators.

Keywords: seed predation, distance-dependence, plant-animal interaction, palm fruits, Brazil, Cerrado palm.

Densidade de sementes e remocao em Syagrus loefgrenii Glassman
(Arecaceae) no Cerrado brasileiro

Resumo

Neste estudo, testei o efeito da densidade de endocarpos de Syagrus loefgrenii sobre a intensidade de remogao por
roedores conforme a estacdo do ano. Também, avaliei tanto a producdo de frutos, quanto o padrao de dispersdo dessa
palmeira em relag@o a intensidade de remoc@o de endocarpos. Executei experimentos no Cerrado (outono, inverno,
primavera e verdo), nos quais acondicionei 5, 15 e 40 endocarpos em pratos plasticos perfurados (pilhas experimentais).
Syagrus loefgrenii exibiu distribuicdo agrupada. Apesar disso, a densidade local dessa palmeira em nenhuma estagdo
esteve correlacionada com a taxa de remocao de endocarpos. Nao ocorreram diferengas temporais significativas quanto
aos niveis de frutificagdo, e, simultaneamente, documentei intensa remoc¢ao de endocarpos. Isso ocorreu, sobretudo,
nas pilhas com 5 e 15 endocarpos, as quais, na maioria dos casos, perderam quase todos endocarpos. No entanto,
as pilhas com 40 perderam poucos diasporos. Nesse sentido a intensidade de remocgao decresceu consistentemente
conforme o numero de endocarpos, tal que esse processo mostrou ser negativamente dependente da distancia. Syagrus
loefgrenii exibiu padrdo agrupado de distribui¢@o, além de produzir frutos assincronicamente. Nesse sentido, caso um
grupo de palmeiras vizinhas frutifique simultaneamente, uma grande quantidade de diasporos estara disponivel em um
dado local. Portanto, sementes em meio a uma densa carga de frutos podem ser favorecidas, uma vez que predadores
pos-dispersdo seriam saciados.

Palavras-chave: predagdo de sementes, distancia-dependente, interacao planta-animal, frutos de palmeira, Brasil,
palmeira do Cerrado.

1. Introduction

Palms are present in wide range of habitat types exhibiting ~ one of the most important plant groups in tropical areas
diverse life forms ranging from tall trees to herb-like plants ~ (Henderson, 2002; Eiserhardt et al., 2011). Indeed, they
with subterranean stem (Henderson, 2002; Eiserhardtetal.,  have influence on the function of many tropical ecosystems
2011). Due to their diversity and abundance, palms are  (Kahn and Mejia, 1991; Henderson, 2002). Palms constitute
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an interesting model for studying plant-animal interactions
due to a broad spectrum of relationships, which range
from predation to mutualism with both invertebrates and
vertebrates (Henderson, 2002). These animals often eat
their fruits, seeds, and seedlings, besides the fact that
during famine, palms may be important by providing a
key food resource for a wide range of vertebrates (Kiltie,
1981; Zona and Henderson, 1989; Peres, 1994, 2000).
This mostly results from extend or asynchronous fruiting
periods present in many species both at the individual and
population levels. Then, their fruits might be available all
year round, mainly when non palm plants have no fruits
(Peres, 1994, 2000). Besides that, some palms are among
the most abundant species fruiting at a given area (Peres,
1994). Their fallen or dispersed nuts may remain on the
ground for weeks before they are scatter-hoarding (Smythe,
1989), or eaten by terrestrial vertebrates (Kiltie, 1981).

Seed predation is an important cause of mortality
throughout the life cycle of plants and one of the major
processes underlying plant recruitment patterns (Janzen,
1970; Hulme, 1998; Packer and Clay, 2003; Terborgh, 2012),
colonization ability (De Steven, 1991; Myster and Pickett,
1993; Nathan and Casagrandi, 2004), spatial distribution
(Terborgh, 2012), and reproductive ecology of trees (Sork,
1993). Janzen (1970) initially identified the importance
of density or distance-dependent seed predation in the
dynamics of tropical trees. Distance-dependence would
favor greater survival of offspring further away from the
parent which would lead to a more uniform distribution of
adults and, thus, facilitate species co-existence (Swamy and
Terborgh, 2010; Terborgh, 2012). While some studies show
the effect of soil pathogens near parental plants in reducing
the survival of conspecific seeds (Packer and Clay, 2003;
Bagchi et al., 2010), others have focused on the distinct
effects of invertebrates and vertebrates on seed survival
and plant communities (Wright, 2002; Bagchi et al., 2010).
Invertebrates are often distance-responsive specialized seed
predators that generally generate patterns conforming to the
Janzen model, whereas mobile and generalist vertebrates
may generate other kind of patterns (Romo et al., 2004).

Post-dispersal seed predation may be either positively
or negatively distance-dependent in relation to the relative
abundance of seeds and their predators. When food resources
are scarce for a particular seed predator population, predation
is likely to be positively distance-dependent, but when the
resources are abundant, seed predators become satiated
and a negatively distance-dependent response is expected
to occur (Janzen, 1970; Wright, 1990; Augspurger and
Kitajima, 1992; Jansen et al., 2014). Lack of response may
occur if factors other than the relative abundance of seeds
determine the behavior of seed predators (Chauvet et al.,
2004; Romo et al., 2004).

Syagrus loefgrenii Glassman is a small palm with
subterranean stem from Cerrado of Southwestern
Brazil (Lorenzi et al., 2010). Previous observations
suggested non seasonal fruit production in S. loefgrenii
(1 to 30 nuts/infrutescence), as in other palm species
(Peres, 1994, 2000). As S. loefgrenii might produces
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fruits all year round, presumably, is important in the diet
of rodents (Bueno et al., 2004). Also, S. loefgrenii often
has multiple stems (Lorenzi et al., 2010). Then, patches
of high resource density, as might be found in groves of
fruiting trees, can be expected to attract higher densities
of seed predators relative to isolated trees (Janzen, 1970).
Particularly, palm spatial aggregation may affect removal
of palm nuts by frugivores (Beck and Terborgh, 2002).
Hence, at a given place and time of the year, palm nut
availability may be high variable according to the number
of fruiting stems. Also, both abundance and activity
pattern of Cerrado rodents vary seasonally (Mares et al.,
1986; Vieira, 1997; Vieira, 1999). Therefore, palm nuts
and rodents abundance, potentially, exhibit pronounced
changes which may affect nut removal rate. Then, I tested
the effect of S. loefgrenii nut number and seasonality on
the removal intensity by rodents. Also, I assessed both
S. loefgrenii fruit production, and dispersion pattern to
analyze the relationship between these parameters and
nut removal. Specifically, I evaluated whether endocarp
removal intensity conformed to distance-dependence across
seasons. Indeed, depending on endocarp number at a given
patch, removal intensity might be either higher, or lower
than expected under the assumption of independence. In the
first case positive distance-dependence is expected, while
negative distance-dependence may occur in the second.
On the other hand, if removal intensity is independent of
the amount of endocarps available, removal is distance-
independent. Any of these patterns might change from
season to season conform fruit availability and/or the
abundance of seed predators.

2. Material and Methods

Study site. This study was developed from April 2013 to
March 2014 in the Cerrado (Brazilian savanna) of Estagdo
Ecoldgica de Itirapina (EEI), in the municipalities of
Itirapina and Brotas (State of Sao Paulo, Brazil: 22° 15’ S
and 47° 49’ W; altitude varies between 700 and 750 m)
including an area of 2,720 ha. Mean annual temperature
is 19.7 °C. Higher mean temperature is recorded in
January and February (+ 22.5 °C). In June and July mean
temperature is 16.3 °C. During this period, the day-break
temperature often drops to 2 °C or less and frost may occur.
Mean annual rainfall is around 1400 mm, with 1000 mm
between October and March. Hence, there is a wet-hot
season extending from October to March and a dry-cold
season from April to September, when large number of trees
and bushes shed their leaves. There are cattle ranching,
housing (a condominium), Pinus spp. and Eucalyptus
spp. plantations as land uses surrounding the reserve.
The main threats to the EEI are the expansion of African
grasses, Urochloa decumbens and Melinis minutiflora,
and exotic trees, including Pinus and Eucalyptus spp.
Other disturbance factors are hunters and exotic animals
such as cattle, pigs and goats (Motta-Junior et al., 2008).
The deciduous Cerrado vegetation consists mainly of a
continuous ground layer dominated by grasses, and a

727



Ragusa-Netto, J.

woody layer varying in ground cover from 10 to 20% of
trees of 2-6 m high. Common tree species are Pouteria
torta, Hancornia speciosa, Stryphnodendron obovatum,
Anadenathera falcata, and Couepia grandiflora (pers.
observ.). The richest plant families are Asteraceae, Fabaceae,
and Poaceae (Tannus and Assis, 2004).

Study species. Syagrus loefgrenii Glassman is a
monoecious palm with inclined subterranean stem, rarely
more than 0.7 m tall, has 4-8 erect leaves with 26-66 leaflets
at each leaf side, irregularly arranged across the raquis,
and is confined to Cerrado of the Brazilian State of Sao
Paulo (Lorenzi et al., 2010).

Spatial distribution. Syagrus loefgrenii local density
might affect endocarp removal from experimental depots
(see below). Then, to sample both abundance and spatial
distribution of S. /oefgrenii adult population (fertile
individuals), I established a 1.5-km-long transect in
which I positioned 45 points (30 m apart from each other)
in April 2013. At every point I counted all S. loefgrenii
stems within a 3 m ray. I used a standardized Morisita’s
Index of Dispersion (Morisita, 1962) to evaluate the
distribution pattern of S. /loefgrenii adults in the sampled
area. This index ranges from —1.0 to +1.0, with 95%
confidence limits at +0.5 and —0.5. Random patterns give
an I, =0, clumped patterns an I, > 0, and uniform patterns
an I, <0 (Krebs, 1989).

Fruit production. Taking into account the potential
intra-seasonal changes in S. loefgrenii fruit production,
I assessed fruit availability during the year by counting
fruiting palms intercepted by transect described above.
In fact, I searched for fruiting palms in the first week of
the second month of the four periods of the year: the late
wet season (January-March), the early dry season (April-
June), the late dry season (July-September), and the early
wet season (October-December). Whenever I detected
a fruiting palm, I counted the number of palm nuts per
infrutescence and took the number of fruits per palm as
replicate to compare fruit availability in the four periods of
the year. These data collection coincided with the beginning
of experiments on endocarp removal (see below). I only
recorded a next palm if it was at least 5 m apart to avoid
sampling stems from the same palm. As unripe palm fruits
may spend prolonged periods (> 1-3 months) for maturation,
I sampled only those infrutescences with mature, unfasten
fruits, which, in principle, were available for frugivores.

Experimental design. The experiment was designed to
compare endocarp removal rates in relation to endocarp
number and year period (see above), in 45 experimental
endocarp piles. Round shallow black plastic trays (15 cm
diameter x 1 cm deep) were used to prevent endocarps being
washed away or lost during rain events. Small drainage
holes were drilled in the tray bases. Trays were embedded
in the soil and stabilized using wood pegs. In each trial
endocarps were placed inside trays, hereafter referred to
as depots, which included 5, 15, and 40 endocarps (in each
case n=15). I delineated these numbers based in previous
observation in which many palms had infrutescences
with reduced number of nuts (around 5), others with
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intermediate (15), and in some cases large number of
nuts may be available when neighboring stems bore fruits
simultaneously (40). The 45 depots used in the experiment
were located on the points along transect described above,
and the disposition of depots conform endocarp number was
rotated. Each depot was assumed as a replicate for analyses
as 30 m assure independence between samples (Chauvet
and Forget, 2005). An area of approximately 50 cm? was
cleared of grass or leaf litter for the placement of each
depot. Depots with endocarps were set out 10 April 2013,
6 August 2013, 7 November 2013, and 4 February 2014,
in order to run trials during the middle of each of the four
period of the year. Endocarps were counted and removed
from depots after 40 days, between 10:30 and 14:30. Any
endocarp that was preyed upon in situ (confirmed by the
presence of a hole with rodent teeth marks), or removed
was considered to have been subject to predation, while
those remaining in the depots were considered to have
survived. However, because I do not know the fate of each
endocarp after they were removed from depots, rates of
endocarp removal will be used instead of endocarp predation
when discussing the results. For each trial I collected >
900 S. loefgrenii fruits from over 50 palms located in the
understory of a Pinus ellioti plantation which is part of
the EEL In this site S. loefgrenii was highly abundant and
infrutescences easily of harvest. I peeled away the pulp
to expose the hard endocarp, and discarded all seeds with
insect holes or other damage, such as fungus infection.
I tested for endocarp viability by placing them in water,
and excluding the floating unsound ones, which were also
likely to be parasitized or aborted. From the screened,
pulp-free endocarps, I randomly selected 100 and measured
(length and diameter), and weighed them to assess mean
size and weight.

Analyzes. Due to the potential asynchronous fruiting
pattern in S. loefgrenii, I compared, in the four periods of
the year, the number of palms bearing fruits by Chi-square
test, and fruit availability by ANOVA. I log transformed data
on fruit number per infrutescence. Taking into account the
potential intra-seasonal changes in general food resources
availability and consequent chance of seed consumption,
I tested S. loefgrenii endocarp removal in four periods
of the year (see above). Then, as in principle predators
should concentrate their activities in sites where foraging
success is likely to be maximum (Schupp, 1988), foraging
rodents, for example, might be differently attracted to
depots conform endocarp number. In this respect, firstly
I analyzed the relationship between initial number of
endocarps, and the chance of removal (at least one of
them) across seasons, through Chi-square contingency
analysis. Following this premise, to evaluate the relationship
between densities of S. loefgrenii stems (see above),
and endocarp removal rate, Spearman rank correlation
was used. The variables correlated were the number of
stems within a 3 m ray of each depot and proportion of
endocarps removed. Proportions of endocarp removal data
were arc-sine transformed, and the number of stems was
log transformed to reduce heteroscedasticity. Moreover, [
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assessed the relationship between endocarp removal rate
and both initial number of endocarps and season at the end
of each experiment (day 40) with a two-way analysis of
variance (ANOVA). The first fixed factor had three levels:
the number of endocarps per depot (5, 15, and 40), and
the second fixed factor had four levels: the periods of the
year (see above). The proportions of endocarps removed
were arc-sine square-root transformed before analysis in
order to approach normality and reduce heteroscedasticity.
To improve the evaluation on the effect of the number
of endocarps on removal rates, I also provided ANOVA
values for each trial performed during the year.

To assess endocarp removal intensity caused by the
initial number of endocarps per depot, I assessed the
relationship (I = aR®) between the initial number () and
the number of removed endocarps (R). Then, I analyzed
the initial-removed relationship by linear regression of log
transformed values of [+ 1 and R + 1 (power law equation), to
normalize residuals. Indeed, with: log(y+1)=a+ blog(x + 1),
I assessed distance-dependent effect, where x is the
initial number of endocarps at a given depot and y is the
respective number of endocarps removed at the end of the
experiment; b is the slope representing the rate in which the
number of endocarps removed increases in relation to the
initial number of endocarps. The constant » may be equal,
minor or higher than 1. Higher values imply in positive
distance-dependence, while b = 1, independence. Values of
less than 1 imply in negative distance-dependence because
per endocarp probability of removal is inversely related
to endocarp density (Harms et al., 2000). To improve the
evaluation on the occurrence of distance-dependence, the
number of endocarps removed according to observed b
values were confronted (paired t-test) with the predicted
number if b = 1. Finally, due to the potential temporal
variations in the intensity of endocarp removal, I compared
the relationship between the initial and total number of
endocarps removed (b values) during the four periods of
the year by ANCOVA.

3. Results

Fruit availability and spatial distribution. Ripening
fruits exhibited an ovoid shape including the endocarp with
one seed. Endocarps had on average (+ sd) 17.8 + 02.7 mm
in length, 11.0 + 01.9 in diameter, and 0.87 + 0.15 g in
weight (n = 100). Palms bore fruits in the four periods of
the year. In the first sampled period (Apr-Jun) 40 palms bore
fruits, in the second 26, followed by 23, while in Jan-March
31 palms did the same (Chi-square: y>*=5.50, p=0.143, df
=3). In Apr-Jun, fruiting palms produced from 1 to 23 fruits
(7.46 £ 5.23 fruits, total = 306 fruits), in Jul-Sept they bore
from 2 to 19 fruits (9.96 + 4.58, total = 259), in Oct-Dec
from 1 to 29 fruits (8.10 + 7.08, total = 186), and in Jan-Mar
from 2 to 30 fruits (8.73 + 6.43, total = 262). Despite of
temporal variations in the average number of fruits produced,
no significant difference emerged (F = 2.09, p = 0.106,
Figure 1). I recorded a total of 438 stems present in the
45 plots. The number of stems per plot ranged from 0 to 33
(average [+ se]: 0.34 = 0.04 stems/m?). This pronounced

Braz. J. Biol., 2016, vol. 76, no. 3, pp. 726-734

variation of the number of stems per plot conformed to a
clumped distribution pattern in which Ip =0.53. However,
local S. loefgrenii density and the proportion of endocarps
removed had no correlation across season (Spearman
rank correlation, Apr-Jun: r=-0.02, p = 0.940; Jul-Sept:
r=0.24,p=0.120; Oct-Dec: r = 0.04, p=0.795; Jan-March:
r=-0.02, p = 0.882).

Negative distance-dependent removal of endocarps.
In the four periods of the year no significant association
emerged between initial number of endocarps and the
chance of removal of at least one endocarp (Chi-square
contingency analysis, x> = 0.67, df = 6, p = 0.994).
Besides that, generally high proportions of endocarps were
removed, namely 66.3% in Apr-Jun, 51.2% (Jul-Sept),
61.2% (Oct-Dec), and 56.2% (Jan-Mar; n = 900 in each
period). Across the year most depots of 5 lost all endocarps.
These depots suffered minor removal in Oct-Dec when
60% of them lost all endocarps, and 75% (n = 75) of all
endocarps were removed. On the other hand, in Jul-Sept,
maximum removal occurred, so that 80% of depots lost
all endocarps, while 92% of the total endocarps disappear.
On average (+ se) from 3.73 +0.47 to 4.60 + 0.27 endocarps
were removed from these depots (Table 1). In Jul-Sept 46%
of depots of 15 lost all endocarps and 71% (n = 225) of all
endocarps were removed. In Oct-Dec, when highest removal
occurred, 73% of depots lost all endocarps and 84% of
the total was removed. On average from 10.60 + 1.37 to
12.60 £ 1.18 endocarps were removed from these depots
(Table 1). Finally, in Jul-Sept 13% of depots of 40 lost all
endocarps and 39% of the total (n = 600) were removed.
On the other hand, in Apr-Jun up to 27% of depots lost all
endocarps and 59% of all endocarps disappear. On average
from 15.53 +3.77 t0 23.53 £ 3.89 endocarps were removed
from these depots (Table 1). During the year, proportions
(average + se) ranging from 0.73 + 0.01 to 0.92 + 0.05,
were removed from depots of 5. In the case of depots
of 15, proportions ranged from 0.71 £ 0.09 to 0.84 + 0.08.
However, in depots of 40, I often documented minor
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Figure 1. Syagrus loefgrenii mean fruit crop size produced
across seasons in the Cerrado of Estagdo Ecologica de
Itirapina (EEI, State of Sao Paulo Brazil, from April 2013
to March 2014).
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Table 1. Proportion of depots with complete endocarp removal, proportion of endocarps removed, as well as, average
number (£ se) of endocarps removed from depots (n = 15 for each endocarp density). Also, analysis of variance (ANOVA)
of the effect of number of endocarps per depot on the proportion of endocarps removed after 40 days. This experiment was
performed in the Brazilian Cerrado (Brotas, State of Sdo Paulo), during each of the four periods of the year. The proportions
of endocarps removed were arc-sine square-root transformed before analysis.

Apr-Jun
N° endocarps/

Jul-Sep
(proportions: depots; (proportions: depots; (proportions: depots; (proportions: depots;

Oct-Dec Jan-Mar

Depot total of endocarps; total of endocarps; total of endocarps; total of endocarps;
Mean =+ se) Mean =+ se) Mean =+ se) Mean =+ se)
5 0.8;0.83 0.8;0.92 0.6; 0.75 0.4;0.59
4.13+0.48 4.60 £0.27 3.73+047 2.93+0.56
15 0.73; 0.81 0.47;0.71 0.73;0.84 0.47;0.79
12.14 £ 1.49 10.60 + 1.37 12.60 +1.18 11.87 +1.05
40 0.27; 0.59 0.13;0.39 0.20; 0.51 0.33; 0.47
23.53 £3.89 15.53 £3.77 20.40 +=4.09 18.93 £4.23
(Mean = se) (Mean = se) (Mean =+ se) (Mean = se)
5 0.827 + 0.095* 0.920 = 0.054* 0.733 +0.097 0.590 £0.113
15 0.809 + 0.099* 0.707 £ 0.091* 0.840 +0.078* 0.791 +0.070*
40 0.588 =£0.097 0.388 = 0.094 0.510£0.102 0.473 £0.106
ANOVA F=4.17, F=12.99, F=451, F=3.18,
(df =2, 44) p=0.026 p=0.0001 p=0.020 p=0.050

* Indicate that mean proportion values of endocarp removal in these densities which were significantly higher than

those present in depots of 40.

proportions (from 0.39 + 0.09 to 0.59 = 0.10; Table 1).
Indeed, removal rates were smaller in depots of 40 than in
those ones of either 5 or 15 (Two-way ANOVA, F = 14.26,
p=0.0001), and these differences were consistent across
seasons (F =0.56, p=0.644). Also, there was no significant
interaction between the two main factors (initial number of
endocarps and seasons), on mean proportion of endocarp
removal (F =1.33, p=0.247, Figure 2, Table 1).

Endocarp removal conformed to negative distance-
dependence across seasons (Figure 3). Slopes for the
initial-removed regressions were always less than 1, so
that the highest value was b = 0.74 (Jan-Mar), while the
lowest was b = 0.29 (Jul-Sept; mean [+ se], 0.59 = 0.10;
Figure 2). Despite of variations these slope values had no
significant difference (ANCOVA, F = 1.74, p = 0.160).
The observed slopes of the log-log regression between
the initial-removed number of endocarps were equal to,
or significantly different from b = 0 (Apr-Jun: t = 4.74,
r’ = 0.34, p < 0.0001; Jul-Sept: t = 1.79, 12 = 0.07,
p = 0.084; Oct-Dec: t = 4.05, r* = 0.28, p < 0.0001;
Jan-Mar: t=4.654,12=0.33,p <0.0001). Also, observed
endocarp removal was always significantly smaller than
expect if b =1 (Apr-Jun: t = 5.88, p < 0.0001; Jul-Sept:
t=12.70, P < 0.00001; Oct-Dec: t = 8.26, p < 0.00001;
Jan-Mar: t = 5.61, p < 0.0001). Hence, the intensity of
removal consistently decreases with the enhancement of
endocarp number.

4. Discussion

Spatial distribution. In the Cerrado, palms tend to
exhibit clumped distribution (Lima et al., 2003), which
is the case of those ones dispersed by rodents (Almeida
and Galetti, 2007). Such mammals often move seeds over
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short distances and may scatter-hoarding dispersed seeds
generating clusters of buried seeds (Paschoal and Galetti,
1995; Peres and Baider, 1997). Small rodents, such as
Clyomys bishop, are common in the study area (Vieira,
1997), and might be candidate to perform S. loefgrenii seed
dispersal to favorable sites (Souza and Martins, 2002).
Clyomys bishopi often move and cache seeds by less than
2 m from the parent plant; then these interactions might
be, at least, the first step towards the pattern of distribution
observed in S. loefgrenii (Almeida and Galetti, 2007).

Fruit production. Several studies have shown that
palms, unlike other seasonal trees (e.g. Ragusa-Netto
and Silva, 2007), exhibit reproductive phenological
behavior extremely variable (Henderson, 2002). While,
for example, flowering may be restricted to a particular
season, fruiting is frequently non-seasonal (Peres, 1994,
2000). Then, palm nuts sustain a large proportion of the
vertebrate community during annual seasons of food
scarcity (Peres, 2000; Henderson, 2002). In the case of
S. loefgrenii, the absence of major temporal variations
in fruit production imply non-seasonal fruiting pattern,
as in other palm species studied elsewhere (Henderson,
2002; Peres, 2000). Importantly, S. loefgrenii occurs in a
seasonal area in which heavy rainfall is concentrated in
few months. Then, in principle, each palm has its own
particular fruiting interval, which is influenced by the level
of accumulated resources required to initiate a fruit crop
(Henderson, 2002). Consequently, fruiting in S. loefgrenii
may figure as permanent source of food for frugivores in
the Cerrado.

Distance dependence. Negative distance-dependence
has been well documented in plant populations and
communities (Harms et al., 2000; Comita and Hubbell,
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Figure 2. Mean removal rates of Syagrus loefgrenii
endocarps in relation to the initial number, in the four
periods of the year in the Cerrado of Estagdo Ecologica
de Itirapina (EEI, State of Sdo Paulo Brazil, from April
2013 to March 2014; A: April-June, B: July-September,
C: October-December, D: January-March).
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Figure 3. The relationship between initial number of
endocarps and number of Syagrus loefgrenii endocarps
removed across seasons in the Cerrado of Estagdo Ecologica
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lines describe the expected relationship in the absence of
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2009; Jansen et al., 2014). In this study, endocarp removal
rates were high ranging from 51 to 66%. Rodents (putative
removers) are mobile with high sensorial capabilities, and
might easily detect piles of endocarps (Hulme, 1993).
In fact, in the present study, they detected depots regardless
of initial number of nuts, which is coherent with the year
round abundance and activity patterns of these mammals
(Vieira, 1997). Despite of that, they did not continue
consuming palm seeds in dense nut patches (Schupp,
1988), as depots of 40 endocarps often experienced minor
removal rates. Generalist rodents tend to concentrate
their foraging activities at reduced distances from their
holes (Howe, 1993). Presumably, when they detected
S. loefgrenii nuts at a given place, only moderate amounts
were consumed, as these mammals opportunistically eat
a variety of seed species switching for different prey
conform its abundance (Romo et al., 2004). In fact,
specific seed predation by rodents is strongly influenced
by the availability of alternative and more desirable food
sources in the community (Forget, 1993; Forget et al.,
1994). Besides that, rodents often cache seeds for periods
of food scarcity, which may also influence their foraging
efforts according to temporal and spatial patterns of food
resources abundance (Howe, 1993; Vander Wall, 2010).
Other possible cause for the reduced endocarp loss in those
depots might be the low density or even absence of large
rodents in the study site (Vieira, 1997). These mammals
might consume or remove large number of diaspores at
every foraging bout (Jansen et al., 2014).

The strong difference in removal rates caused by
the initial number of endocarps emerged as functional
response of rodents to prey availability (Hulme and Hunt,
1999). In the four periods of the year, neither the absolute
number, nor the proportions of endocarps removed, a
measure more directly related to the probability of endocarp
survival, was, at least, proportional to the initial number of
endocarps. Both measures pointed out negative distance-
dependent endocarp loss. The occurrence of similar
removal rates across seasons, suggests the influence of
permanent S. loefgrenii fruit production in providing food
supply higher than the one required for sustaining rodents
(Augspurger and Kitajima, 1992; Jansen et al., 2014).
Indeed, I attempted to simulate the availability of fruit crop
sizes often produced by S. loefgrenii (see above). Also, the
evaluation was done at different periods of the year to assess
endocarp removal patterns related to potential variations
of S. loefgrenii fruit production and the activity of seed
predators (Vieira, 1997). Compared to other large-sized
Syagrus species, S. loefgrenii produces reduced number
of fruits per infrutescence (Lorenzi et al., 2010). However,
as this palm exhibit clumped distribution and fruiting is
asynchronous, if at least, a group of neighboring stems
fruit simultaneously 40 or more nuts might be available
at a given site. Then, it is important to emphasize that
when rodents are faced to abundant food supply they often
scatter-hoarding seeds for further consumption (Vander Wall,
2010). As result, these mammals perform seed dispersal
away from seed source reducing post-dispersal infestation
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by parent-associated predators and pathogens, besides the
fact that the burial of seeds enhances seed survival and
seedling establishment (Jansen et al., 2008; Vander Wall,
2010). Taking into account those potential seed fate, if
seed predation may limits recruitment in S. /oefgrenii,
the erratic production of dense fruit patches, within a
population fruiting asynchronously, may be advantageous
for seed survival as post dispersal seed predators may be
swamped (Jansen et al., 2014).
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