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SIZE-BASED RESPONSES OF PREY TO PISCIVORE EXCLUSION
IN A SPECIES-RICH NEOTROPICAL RIVER
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Abstract. Characteristics used to group species, and thus generalize ecological inter':
actions, can aid in constructing predictive models in species-rich food webs. We tested
whether size could be used to predict a behavioral response of multiple prey species (n >
50) to exclusion of large-bodied fishes, including seven abundant piscivore species, in a
lowland Neotropical river. A randomized block design (n = 6) included three experimental
treatments constructed on sandbank habitats: large fish exclusion, cage control (barrier with
gaps), and natural reference plot (no barrier). Exclosures prevented passage of all large-
bodied fishes, but the mesh size allowed passage of prey fishes. After two weeks, exper-
imental areas were sampled once during the day and once at night. Total abundance of
prey fishes was not significantly different among treatments, and effects on specie~ density
were variable. Analyses based on fish size class, however, demonstrated significant size-
based effects of large-fish exclusion. Abundance of medium fishes (40-110 mm) in exclu.
sion treatments increased significantly relative to controls in day (248%) and night (91 %)
samples, and this trend was apparent for many species (n > 13). Species density of medium
fishes increased significantly in exclusion treatments. There was evidence of an intraspecific,
size-dependent response for the three most common species. Ninety percent of prey in
stomach contents of seven common large-bodied piscivores (collected from river sandbanks)
were 40:.-110 mm, corresponding to size of fishes that responded to large-fish exclusion.
Behavioral responses of medium prey likely resulted from exclusion of these large-bodied
piscivores. These results extend size-based predator avoidance behavior demonstrated in
temperate systems to a highly connected tropical river food web. In this species-rich web,
size is a strong predictor of behavioral responses of multiple prey species to large piscivores,
and it can be used to generalize outcomes of multiple species interacting simultaneously.
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INTRODUCTION

Developing predictive models of species interactions
is challenging, especially in diverse communities.
Much of the world's species diversity is located in trop-
ical ecosystems, and a better understanding of species
interactions is necessary to help stem biodiversity loss
and assess community-level responses to human-in-
duced habitat change. In species-rich food webs, ex-
tending the logic of pair-wise predator-prey interac-
tions often will not predict outcomes of multiple spe-
cies interactions (Wilbur and Fauth 1990, Polis and
Strong 1996, Schmitz 1998). For example, effects of
multiple predators on prey populations might not be
additive (Wootton 1994, Sih et al. 1998, Eklov and
VanKooten 2001). Indirect effects become increasingly
complex in speciose food webs (Fox and Olsen 2000),
rendering it difficult to make predictions when many
species interact simultaneously (Abrams 1992, Kle-

banoff and Hastings 1994, Yodzis 2000, Wootton 2001,
Relyea and Yurewicz 2002).

Body size is an important determinant of predator-
prey interactions and is used to predict behavioral re-
sponses to predation threat in ~quatic systems. Body
size predicted avoidance behavior by bluegill, Lepomis
macrochirus, in response to presence of predatory
largemouth bass, Micropterus salmoides (Werner et al.
1983, Werner and Hall 1988, Turner and Mittelbach
1990). In streams, small prey fishes move into shallow
water in the presence of largemouth bass, but larger
fishes do not alter their distribution patterns (Harvey
1991). In Trinidad, body size of the killifish Rivulus
hartii is a determinant of movements within a river and
among tributaries in the presence of the piscivore Ho-
plias malabaricus (Gilliam and Fraser 2001). Steinmetz
et al. (2003) demonstrated in two temperate streams
that fish response to bird predation is size dependent.
The importance of such induced behavioral responses
at both community and ecosystem levels is becoming
increasingly clear (Luttbeg and Schmitz 2000, Lima
2002).

Few studies have manipulated multiple predators and
evaluated behavioral responses of multiple prey (Woot-
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species have been identified as the most common large-
bodied (total length >350 mm) piscivores of sandbank
habitats where experiments were conducted: peacock
cichlids (Cichla intermedia, C. orinocensis, and C. te-
mensis), characiforms (Boulengerella cuvieri, B. lu-
cius, and Hydrolycus armatus), and a pimelodid catfish
(Pseudoplatystoma fasciatum). These species are rel-
atively mobile predators that often forage on river sand-
banks. Based on three years of sampling with a variety
of techniques (e.g., gill netting, hook-and-line fishing),
we estimate occurrence of these large piscivores typ-
ically ranges from 5 to 40 individuals per 75-m stretch
of sandbank over a 24-h period (C. A. Layman, un-
published manuscript).

Four piranha species (Serralsalmus spp., Pristobry-
con spp.) are abundant in the river, but are not consid-
ered here because they primarily inhabit deeper areas
of the main river channel and floodplain lagoons. River
dolphin, lnia geoffrensis, also feed in deeper areas, not
on sandbanks, and are far less dense than piscivorous
fishes (McGuire and Winemiller 1998). Spectacled cai-
man, Caiman crocodilus, and birds (e.g., Osprey, Pan-
dion haliaetus; Cocoi Heron, Ardea cocoi) could feed
in all experimental areas equally, but were never ob-
served feeding in any treatment.

METHODS

We employed a randomized block design, with each
block (n = 6) placed in a different location and dif-
ferent time during January-March 2001. Each block
consisted of three treatments arranged in random order
in the littoral region of a sandbank. Exclosure treat-
ments were constructed with 60 m of poultry wire
(mesh 2.5 cm) attached with plastic ties to 1.8-m metal
posts spaced at 5-m intervals. The wire barrier was
arranged in an elongated semicircle shape along -35
m of sandbank to enclose an area of -500 m2 (Fig. I).

ton 1993, Marquis and Whelan 1994, Dial and Rough-
garden 1995, Greenberg et al. 2000, Nystrom et a1.
2001, Relyea and Yurewicz 2002), and none of this
work has been conducted in tropical aquatic systems.
Here, we tested for a behavioral response of multiple
prey species (n > 50) to multiple piscivore species (n
> 7) using large experimeJltal exc1osures (-500 m2).
We examined if prey alter their spatial distribution in
the absence of piscivores (e.g., peacock cichlids Cichla
spp.) in a species-rich tropical river with a highly con-
nected food web. All large-bodied fishes were exclud-
ed, but prey were able to pass in and out of experi-
mental areas. To test if size is a useful predictive var-
iable of piscivore effects on prey fish assemblages, we
a priori divided potential prey fish into size categories
and evaluated results based on these groupings. We
tested the null hypothesis that there would be no dif-
ference in fish abundance or species density among
experimental treatments, regardless of fish size.

STUDY SITE

The study was conducted in the Rio Cinaruco, a
blackwater, floodplain river in southwestern Venezuela
(6°32' N, 67°24' W). Th~ river is strongly seasonal
with water levels fluctuating >5 m in an annual hy-
droperiod. During the dry season (January-April), the
main river channel contains long (52 km), broad sand-
banks that constitute a large proportion of river shore-
line. River width in the dry season is 40-200 m, water
temperatures typically range from 28° to 36°C, Secchi
depths are -I m in the main river channel adjacent to
beaches, and dissolved oxygen is always near satura-
tion in the main channel.

The river supports ;;::260 fish species that span an
extremely wide range of ecological attributes and life
history strategies. In previous (Jepsen et al. 1997, Wi-
nemiller and Jepsen 1998) and ongoing research, seven
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ent study, "small" fishes refer to all fishes <40 mm,
irrespective of maturation status. Depending on meth-
odology (e.g., net dimensions, mesh size) and site, 79-
100% of fishes on sandbanks have been estimated to
be <40 mm in length (C. A. Layman and K. O. Wi-
nemiller, unpublished manuscript). The largest fish col-
lected in experimental areas was 110 mm, so all fishes
within 40 to 110 mm were categorized as "medium."
Potential prey fishes on sandbanks are highly diverse,
both taxonomically (81 genera, 24 families) and func-
tionally (i.e., in terms of feeding strategy, habitat uti-
lization).

We also analyzed stomach contents of the seven most
common piscivore species. From January to April dur-
ing both 2001 and 2002, piscivores were collected on
sandbank hab~tats where the experiments were con-
ducted and on other nearby sandbanks. Fishes were
collected with gill nets, and by hook and line using
artificial lures. Fishes were measured (standard length
[SL], :t 1.0 mm) and stomachs were analyzed using one
of two methods. Cichla temensis, C. orinocensis, C.
intermedia, and Pseudoplatystomafasciatum stomachs
were examined by pressing down the posterior region
of the tongue and pushing gently on the fish's stomach
while holding the fish in a head-down position. Sub-
sequent dissection of a subset of individuals (n = 71)
confirmed this method is 100% effective in recovering
stomach contents, regardless of prey size. Boulenger-
ella cuvieri, B. lucius, and Hydrolycus armatus were
euthanized, and stomachs removed for examination.
Data were pooled for the seven species to provide a
composite view of size of prey consumed by large pis-
civores on sandbanks.


