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Abstract The diet of three cooccurring abundant fish
species (Eucinostomus argenteus, Diapterus rhombeus
and Micropogonias furnieri) and its ontogenetic changes
in a mudflat area of a tropical bay in southeastern Brazil
were described. The working hypothesis is that these three
species shift the use of the available resources throughout
their growth. Early juveniles of D. rhombeus and M. furni-
eri fed mainly on Cyclopoida copepods, shifting to Nema-
toda (D. rhombeus) and errant Polychaeta (M. furnieri) as
they increased in size. In contrast, the early life stages of E.
argenteus fed mainly on errant Polychaeta and Calanoida
copepods, with increasing niche breadth as they grew. The
relative degree of individual specialisation in resource use
indicated specialism for M. furnieri and E. argenteus, and
generalism for D. rhombeus. The largest intraspecific over-
lap was found for the smallest size classes. Niche breadth
increased during ontogeny, with a higher average niche
breadth at lower prey length/predator length ratios. There-
fore, species-specific differences in diet across the resource
gradient and increased niche breadth during ontogeny char-
acterised the shifts of resource use, and probably account
for the coexistence of these species in zones of sympatry in
mudflat areas of southeastern Brazil.
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Introduction

A description of the trophic relationships among juve-
nile fish species is fundamental for understanding their
functional role in the ecosystem (Meng and Powell 2003;
Hajisamae 2009; Florin and Lavados 2010). Competition
can increase the diversity of resource use within a natural
population because coexisting species evolve to use differ-
ent resources, thereby reducing the effects of interspecific
competition (Ross 1978; Schmitt and Coyer 1982; Mittel-
bach et al. 1988; Uiblein 1991). Although ecologists have
traditionally assumed that conspecific individuals are eco-
logically equivalent, a large number of studies have shown
that each population appears to be composed of both rela-
tively generalised and relatively specialised individuals
(Bolnick et al. 2003). This pattern occurs if a population
is composed of ecologically heterogeneous individuals,
each of which uses only a subset of the population’s over-
all resource base (Bolnick et al. 2003). Individuals may
mitigate the effects of intraspecific competition if they use
alternative resources not used by conspecific competitors
(Schoener 1971; Svanbick and Bolnick 2007).

Ontogenetic niche shifts, defined as changes in resource
or habitat use during the course of an individual’s lifetime,
are prominent features in the ecology of many size-struc-
tured populations (Werner and Gilliam 1984). Because
the diets of coexisting fish species also frequently undergo
ontogenetic changes (Werner and Gilliam 1984; Ross 1978;
Scharf et al. 2000), the extent to which dietary overlap
occurs within and between species will most likely vary
with body size. Size-related diet shifts are the result of size-
specific changes in foraging ability. These changes enable
individuals to capture and consume progressively larger
prey (Holbrook and Schmitt 1992; Schafer et al. 2002). If
ontogenetic niche shifts are relatively discrete, a population
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can be divided into separate size classes (or stages) based
on diet or habitat use (Mufioz and Ojeda 1998; Osenberg
et al. 1992). Although the consequences of ontogenetic
niche shifts for intra- and interspecific interactions in size-
structured populations of fishes have been investigated
experimentally (e.g., Olson et al. 1995; Olson 1996), these
studies have concentrated on only one or two species, and
the implications of niche shifts during the ontogeny of fish
species have seldom been investigated. Our understand-
ing of how these factors influence transitions between
stages is primarily derived from theoretical work (Taper
and Case 1985; Mittelbach et al. 1988). Clearly, there is
a need for additional empirical studies on stage-structured
populations.

Sepetiba Bay (22°54/-23°04" S; 43°34'—44°10" W) is
a sedimentary embayment on the coast of Rio de Janeiro
State in Southeastern Brazil. The bay has a surface area
of approximately 450 km? and is open to the Atlantic
Ocean on its western boundary. This microtidal system
is predominantly polyhaline (salinity average = 30 %o)
and the mean temperature ranges from 21.5 °C in winter
to 26.5 °C in summer (Aradjo et al. 2002). Its inner zone
includes an extensive area of mudflat formed by sedi-
ment deposition from rivers and other small continental
drainages (Signorini 1980). This particular type of habi-
tat is of key importance for the estuarine food web due
to its high productivity (Degre et al. 2006). The species
use the area because they can benefit from the substantial
advantages furnished by the habitat, i.e., high productiv-
ity, abundance of food resources, and refuge provided by
shallow intertidal waters (Paterson and Whitfield 2000;
Kanou et al. 2004; Vinagre et al. 2006). Indications of the
importance of Sepetiba Bay mudflats for recruitment and
as rearing grounds for several species of fishes have been
furnished by several studies (e.g., Aradjo et al. 2002; Pes-
sanha and Aradjo 2003; Guedes and Araujo 2008). Three
fish species are dominant in the Sepetiba Bay mudfiats,
ranking as the top abundant species in both numbers and
biomass: Micropogonias furnieri (Desmarest, 1823) (Sci-
aenidae), Diapterus rhombeus (Cuvier, 1829) (Gerreidae),
and Eucinostomus argenteus (Baird and Girard, 1855)
(Gerreidae). Collectively, these species represent 82.0 %
of the total number of fishes collected and 82.1 % of the
total biomass (Pessanha et al. 2003). These three species
play an important role in the trophic dynamics of the inner
Sepetiba Bay (Aratdjo and Santos 1999; Costa and Aratijo
2003; Vicentini and Araidjo 2003) because they use the area
during their early life cycle, with the adults reproducing in
deeper areas nearby. Understanding how these three abun-
dant species use the available resources in this tidal mudfiat
area and identifying the strategy that is developed to allow
the species to coexist during their early life are important
because the functional roles of fishes are based on feeding
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relationships (Hajisamae et al. 2003; Degre et al. 2006).
This study aimed to describe the diets of the three species
and to investigate the eventual shifts of the feeding niche
along the size dimension during their early life. The work-
ing hypothesis is that these three species shift the use of the
available resources throughout their growth.

Materials and methods
Sampling and data handling

The fishes were sampled using a beach seine net
(10.0 m x 2.5 m; 7 mm mesh size). Hauls were 30 m
long, and the net was used at a depth of approximately
1.5 m. The area seined (300 m?) and the time (10 min)
allocated for each haul were standardised to allow com-
parisons among collections. All samples were collected
during spring tide near the day of the full moon. Imme-
diately after collection, all individuals of the three target
species were anaesthetised in benzocaine hydrochloride
(50 mg x L7') and then fixed in a 10 % formaldehyde-
seawater solution. After 48 h, the specimens were trans-
ferred to 70 % ethanol. All individuals were identified to
species, measured for total length—TL—(in millimetres),
and weighed (in grams) after preservation. Stomachs were
removed and food items were analysed from a sub-sample
of the fish captured. If a sample consisted of less than 30
fish, all stomachs were dissected and examined. In sam-
ples with more than 30 fish, 30 individuals covering a wide
range of sizes were selected for dissection in each month.
Empty stomachs or those with unidentifiable contents
were later excluded from the analyses. Each food item was
identified to the lowest taxonomic level possible under a
stereomicroscope, counted, and weighed to the nearest
0.001 g. A subset of up to 20 randomly selected individu-
als was selected to measure prey body length to the nearest
0.01 mm (Ojeda and Dearborn 1991).

Data analyses

Food composition was expressed for each food item as a
percentage of the index of relative importance (IRI) devel-
oped by Pinkas et al. (1971), which describes the relative
contribution of food items for the diet in terms of the fre-
quency of occurrence (%FO) and of the percentage com-
position by number (%N) and by mass (%M) (Hyslop
1980): IRI = (%N + %M) x %FO. The index for each
prey item was expressed as a percentage of the sum of all
IRI scores: %IRI = (IRI/X IRI) x 100. The IRI was not
calculated for items that were not individually counted or
weighed, such as fragments of Cirripedia, diatoms, and
algae. Only items with an IRI >1 % were shown.



Mar Biol (2014) 161:543-550

545

Table 1 Number of analyzed

Species Micropogonias Diapterus Eucinostomus
fishes, mean total length (mm), .
. furnieri rhombeus argenteus
and mean total weight (mm)
Number of individuals 414 135 255
Number of stomachs with contents 327 62 138
Mean total length (£SD) 34 (+£12) mm 32 (£5) mm 33 (£6) mm
Mean total weight (£SD) 4(£D)g 3(£2) g 3(£2) g

To assess possible changes in diet with respect to size,
fish were divided into three size classes that were assigned
according to predefined size ranges: Total Length, (TL,)
<30 mm; TL, = 31-40 mm; TL; >40 mm. All individuals
were juveniles and had a very similar average size with the
largest ones measuring less than 70 mm TL.

A matrix of food items was constructed to reduce the
number of samples to facilitate the detection of feeding pat-
terns, as described by Schafer et al. (2002). For each spe-
cies and size class, the stomach contents of 3—5 individu-
als were grouped, and the number and weight of the items
in the group were averaged to represent a single sample.
According to Platell and Potter (2001), pooling the stom-
ach content of 3-5 individuals avoids the potential bias
introduced by individuals that have low numbers of small
food items. This procedure was used to assess diet by spe-
cies and size class only. For assessing the trophic strategy
and individual specialisation, each individual was taken as
a sample unit.

The numerical abundances for the feeding data values
for each sample by species and size class were square-
root transformed and converted into a triangular matrix
of similarities among all samples, using the Bray—Curtis
similarity measure (Schafer et al. 2002). The diet composi-
tion was compared among the three species with an ANO-
SIM procedure. A significance level of P < 0.05 was used
(Hourston et al. 2004). The food items responsible for the
sample groupings and for the discrimination between spec-
ified groups were identified with the SIMPER routine. The
Bray—Curtis similarity matrix was also used to construct
the clustering dendrogram, which used the group average
as a method to identify clusters of species and size classes.
The ANOSIM and SIMPER procedures were performed
with the PRIMER software package, version 5.0 (Clarke
1993).

Trophic strategy

The relative degree of individual specialisation was
measured as the proportion of total niche breadth (TNB)
explained by within-individual component (WIC) varia-
tion (Roughgarden 1972). As this value approaches 1, all
individuals utilise the full range of the population’s niche,
whereas smaller values indicate decreasing interindividual

overlap and hence higher individual specialisation (Bolnick
et al. 2002).

The numerical data obtained for the food items were
used to calculate the Shannon-Wiener diversity index as
a proxy of the niche breadth. A Kruskal-Wallis test was
used to compare niche breadth among the size classes
for each species. The simplified Morisita overlap index
(Krebs 1989) was used to assess niche overlap among
species and size classes. Values of the overlap index
greater than 0.60 were considered biologically signifi-
cant (Labropoulou and Eleftheriou 1997). The simplified
Morisita index was also calculated based on the numerical
data for the food items. The prey size data were converted
to a ratio scale by dividing each prey size by the respec-
tive predator size. The average prey/predator size ratio
was then plotted against the average trophic-niche breadth
to evaluate whether a general size-based trend was appar-
ent (Scharf et al. 2000).

Results
Diet

The three fish species were all represented by juveniles
and had a very similar average size (Table 1) ranging from
32 (17-50) mm for D. rhombeus to 34 (15-68) mm total
length for M. furnieri. E. argenteus had an intermediate
average size of 33 (16-51) mm total length. The diet was
composed mainly of benthic (errant Polychaeta, Ostracoda
and Nematoda) and planktonic organisms (Calanoida and
Cyclopoida, fish eggs) (Table 2). M. furnieri fed primar-
ily on errant Polychaeta and Cyclopoida; D. rhombeus fed
primarily on Cyclopoida, Calanoida, Ostracoda, and errant
Polychaeta; and E. argenteus fed primarily on Calanoida
and errant Polychaeta (Table 2).

Significant differences in diet were found among
the three fish species according to ANOSIM (R
Global = 0.437; P = 0.001). The highest level of simi-
larity was recorded between M. furnieri and D. rhombeus
(R = 0.136; P = 0.001), and the greatest differences were
found between D. rhombeus and E. argenteus (R = 0.658;
P = 0.001) and between M. furnieri and E. argen-
teus (R = 0.550; P = 0.001). The food items that most
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Table 2 Frequency of

. Feeding items
occurrence (%FQO), numeric

Micropogonias furnieri

Diapterus rhombeus Eucinostomus argenteus

percentage (%N), mass %FO %N %M %IRlI %FO %N %M %IRlI %FO %N %M %IRI
percentage (%M), and the
percentage of the index of Nematoda 0.9 0.1 0.8 <0.1 4.7 03 20 14 5.1 127 53 14
relative importance (%IRI) Crustacea
}”fri‘;rflf’%“‘rg}lﬁg’:uff;ﬁ 5 Harpacticoida 09 05 08 <01 79 01 34 01 87 10 82 13
argenteus in a tidal mudflat in Calanoida 285 294 206 153 503 39.1 257 526
Sepetiba Bay, Brazil Cyclopoida 293 53.1 187 281 619 568 279 56.1 5.1 19 53 05
Tainadacea 09 <01 08 <0.1 - - - - - - - -
Cladocera 4.0 1.3 36 0.1 3.1 <0.1 1.3 <0.1 - - - -
Ostracoda 09 <01 02 <01 476 58 206 134 109 29 98 22
Mysidacea 2.1 026 2.0 <0.1 - - - - - - - -
Crustacea larvae 0.3  <0.1 0.3 <0.1 - - - - 2.9 02 22 0.1
Polychaeta
Errant 547 409 557 70.5 46.0 6.6 203 132 635 82 29.7 388
Sedentary 8.7 27 39 03
Sipuncula 03 <01 03 <0.1 - - - - - - - -
Appendicularia 0.6 <0.1 0.6 <0.1 4.7 05 20 0.1 36 11.7 31 038
Telostei
Teleostei - - - - 109 08 67 13
Teleostei eggs 4.9 04 42 03 1.5 <01 14 <0.1 14 207 15 05
Teleostei scales 1.5 02 10 <0.1 - - - - 0.7 02 07 <0.1
Diatoms
Pennate 15.5 - - 71.4 - - - 18.2 - - -
Centric 6.7 - - 12.6 - - - 8.7 - - -
Algae - - - - - - 2.1 - 03 -

contributed to within-group similarities, according to SIM-
PER, were errant Polychaeta and Cyclopoida for M. furni-
eri and D. rhombeus, and errant Polychaeta and Calanoida
for E. argenteus. No seasonal changes in diet were consid-
ered because no difference in diet composition among sea-
sons was found according to a nonparametric Analysis of
Similarity (ANOSIM).

Ontogenetic changes in diet

The diet composition of each size class showed that the diet
of the largest individuals of the three species differed sig-
nificantly from that of the smaller individuals. Three groups
were formed by a cluster analysis based on the size classes
of the three species (Fig. 1). In group I, errant Polychaeta
was the food item consumed most by the two smaller size
classes (<40 mm TL) of E. argenteus and by the larg-
est class (>40 mm TL) of M. furnieri. Calanoida was the
second most important food item for E. argenteus in the
smaller size class (group I, TL <30 mm). A second group
(II) was formed by the two smallest classes of M. furni-
eri (<40 mm TL) and D. rhombeus (<40 mm TL), which
had a diet based primarily on Cyclopoida and errant Poly-
chaeta. The third group (III) was formed by the largest class
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(>40 mm TL) of E. argenteus and D. rhombeus, which had
a more varied diet in terms of the number of food items,
primarily fish eggs (E. argenteus) and Nematoda (D.
rhombeus) (Fig. 1).

Trophic strategy and niche breadth

The relative degree of individual specialisation in resource
use, measured as the proportion of the total niche breadth
of a population (TNB) explained by the within-individual
component (WIC), indicates a specialist role for M. furni-
eri (WIC/TNB = 0.13) and E. argenteus (0.15) and a gen-
eralist role for D. rhombeus (0.78). Moreover, the total
niche breadth of the population was larger for E. argenteus
(TNB = 1.57) than for M. furnieri (TNB = 0.78) and D.
rhombeus (TNB = 0.63).

Growth (in total length) was accompanied by
increased niche breadth in the three species: M. furni-
eri (TL1 = 0.042, TL2 = 0.067 and TL3 = 0.074), D.
rhombeus (TL1 = 0.220, TL2 = 0.222 and TL3 = 0.258),
and E. argenteus (TL1 = 0.096, TL2 = 0.126 and
TL3 = 0.133). Significant differences among niche breadth
were found for E. argenteus (H = 12.8, P = 0.002) and D.
rhombeus (H = 20.5, P = 0.001).
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Fig.1 Cluster analysis of the size classes of M. furnieri, D.
rhombeus, and E. argenteus based on the type and relative impor-
tance of their prey (%IRI), associated with the relative importance
of the respective five main food items: Ha, Harpacticoida; Eg, Tel-

Cumulative %IRI

eostei Eggs; PEr, errantia Polychaeta; PSe, sedentary Polychaeta; Cy,
Cyclopoida; Cl, Calanoida; Sc, Teleostei Scales; Ne, Nematoda; Os,
Ostracoda; Am, Amphipoda; My, Misydae; Bi, Bivalve; Lc, Crusta-
cea Larvae; Si, Sipuncula; Fi, Fish; Ap, Appendicularia

Table 3 Niche overlap index
per size class (TL) for the

Species size classes Micropogoniasfurnieri

Diapterus rhombeus Eucinostomus argenteus

three fish species (M. furnieri, TLlye TL2yp TL3yr TLIpg TL2pg  TL3pg  TL1g, TL2p, TL3g,
MF; D. rhombeus, DR; and
E. argenteus, EA) in a tidal TL1yg -
mudflat in Sepetiba Bay TL2y 0.93 _
TL3\p 012 043 -
TL1pg 075 076 012 -
TL2pg 090 091 017 094 -
Values in bold indicate TL3pg 007 007 001 037 024 -
overlap (>0.6) according to TL2g, 004 007 026 036 022 061 052 -
Labropoulou and Eleftheriou, TL3g, 001 001 005 058 031 054 083 052 -

1997

Niche overlap

A high trophic overlap between species and size classes
was not found, although a few pairwise comparisons indi-
cated a very high degree of niche overlap (Table 3). The
greatest amount of intraspecific overlap (>0.6) was found
for the smallest size classes, as in M. furnieri (TL1yp
versus TL2yx = 0.93) and D. rhombeus (TL1pg versus
TL2pg = 0.94). E. argenteus showed a wider dietary over-
lap among all size classes than the other species, primarily
between TL1g, and TL3g, (0.83). Interspecific compari-
sons showed that the highest overlap occurred between the
two smallest size classes of M. furnieri and D. rhombeus
due to the substantial contribution of Cyclopoida and Poly-
chaeta (Table 3).

Prey/predator size ratio
The diet of D. rhombeus was composed primarily of prey

less than 2 % of the predator’s body size. In contrast, E.
argenteus and M. furnieri incorporated a large number of

intermediate-sized prey in their diet. The sizes of these prey
items ranged between 3 % and 6 % of the predators’ body
sizes (Fig. 2). The average trophic-niche breadth tended
to decline with the increase in the prey size/predator size
ratio for the three species investigated. The smallest size
classes tended to have the lowest trophic-niche breadth and
the highest prey size/predator size ratio, whereas the largest
size classes tended to have the opposite pattern. The Caitipa
mojarra D. rhombeus had the largest trophic-niche breadth
and the smallest prey size/predator size ratio, whereas M.
furnieri had the lowest trophic-niche breadth and the high-
est prey size/predator size ratio (Fig. 2).

Discussion

A size-related shift in the diet was observed for the three
species. The most conspicuous ontogenetic changes in the
diet were recorded for M. furnieri, which shifted from a
diet based on Cyclopoida, at smaller sizes, to Polychaeta as
it attained a larger size. The gerreids, which used copepods

@ Springer



548

Mar Biol (2014) 161:543-550

0.5 -
o M. furnieri
0.4 4 |- O D.rhombeus
- & E. argenteus
il
=
© 0,34
£
P 'ﬂ;
e 0.24
L
L 0.4 ' 4
£ 3
= ! .
= 0.0 T
-0.1 T T T T 1
0.015 0.030 0.045 0.060 0.075

Prey length/predator length

Fig. 2 Average trophic-niche breadth plotted against prey size/
predator size ratio. Numbers represent the size class: 1, Total Length,
<30 mm; 2, TL, = 31-40 mm; and 3, TL; >40 mm. Error bars,
+1SD

and Polychaeta at the smaller sizes, shifted to a variety of
items other than Polychaeta as they grew. The reason that
conspecific individuals inhabiting a common environ-
ment would choose to use different subsets of the available
resources remains relatively unknown. Cyclopoida usually
swim in midwater, as opposed to the benthic errant Poly-
chaeta associated with muddy bottoms (Brusca and Brusca
2002). Thus, when M. furnieri shifts its diet to errant
Polychaeta, it most likely changes its foraging zone from
mid-water to the bottom. M. furnieri undergoes several
changes in morpho-meristic characteristics that are associ-
ated with changes in diet, such as shifts in mouth position
and increase in the number of barbels and pores (sensory
structures), characteristics that are functionally related
to the ability to search for prey among the infauna. These
changes in the diet indicate that there is a pattern of dif-
ferential use of food resources among different size classes
of M. furnieri and suggest a possible ecological strategy to
reduce intraspecific competition for food within the popu-
lation (Schoener 1974).

The absence of Polychaeta in the diet of the largest size
classes of the gerreids contrasts with the abundance of this
food item in the largest size classes of M. furnieri, which
appear to be well adapted to exploit this feeding resource.
Gerreids intensely inspect the substrate, a behaviour pat-
tern that indicates that they depend on vision to locate
prey, whereas M. furnieri apparently touch the substrate
with their barbels to find prey (Hobson and Chess 1986).
Important changes in feeding habits for species in the fam-
ily Gerreidae are associated with mouth protractibility and
increase in the size of the eyes during growth, factors that
are important for the success in locating and acquiring food
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(Kerschner et al. 1985). Cyrus and Blaber (1983) suggest
that changes in mouth structure facilitate the rapid protract-
ibility of the jaws and increase the probability of prey cap-
ture. Visual capacity supports the ability to attack prey in
turbid waters (Zahorcsak et al. 2000). Furthermore, dietary
changes can be related to intra- and interspecific behav-
iour, such as territorial responses to maintain control of
sites where food occurs. Alternatively, dietary changes can
be related to variation in resource availability (Muifioz and
Ojeda 1998).

Individual specialisation in resource use was found
for M. furnieri and E. argenteus. This specialisation was
accompanied by a high between-individual contribution
(BPC) to the niche breadth of these two species. In con-
trast, D. rhombeus was found to be a resource general-
ist, with a high within-individual contribution (WPC) to
niche breadth. The broadest population niche breadth was
found for E. argenteus, whereas the narrowest was found
for D. rhombeus. The broad population niche breadth for
E. argenteus is associated with an increase in the BPC.
New prey types are incorporated in the diet as E. argen-
teus attains larger sizes. Van Valen (1965) proposed that in
the absence of interspecific competition, niche expansion
was achieved through an increased BPC in resource use.
The BPC represents only a small fraction of the population
niche breadth if individuals are specialised to use a specific
region of the resource axis (Roughgarden 1972).

Overall, niche breadth was greater for the largest than
for the smallest juveniles, especially for M. furnieri and
E. argenteus. Such ontogenetic changes in diet have been
reported for many fish species (Cabral 2000; Gning et al.
2010). These changes are generally associated with fish
movements within the area covered by the distribution of
the organisms and to changes in morphological structures
associated with search and prey capture. Foraging theory
suggests that by decreasing the frequency of preferred prey,
resource competition should increase the diet breadth of
the population (Schoener 1971; Stephens and Krebs 1986).
This increase should occur if different phenotypes resort to
different alternative prey. As prey density declines, the phe-
notypes increasingly rely on different resources. However,
the proximate and ultimate causes of this among-individual
variation remain poorly understood.

The trophic strategy differed among the three species
investigated. Individuals of M. furnieri larger than 20 mm
TL tended to specialise on Polychaeta, whereas the larger
individuals (TL larger than 40 mm) of E. argenteus behaved
as trophic generalists. Moreover, D. rhombeus had a more
pronounced generalist strategy in all size classes, with high
values for WPC. The tendency to specialisation can reflect
changes in feeding habits resulting from individual forag-
ing specialisations that produce changes in the BPC caused
by changes in the available resource. This strategy serves
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to maximise the benefits represented by energy gains (Bol-
nick et al. 2002, 2003). In contrast, the development of a
generalist strategy (e.g., D. rhombeus in all size classes and
E. argenteus larger than 40 mm TL) enables individuals to
be potentially capable of using a given resource, even if the
intensity of use of the resource is low, compared with fishes
that show a specialist strategy. Such a generalist strategy
was developed as a way to decrease intraspecific competi-
tion because an increase in niche breadth by a given species
is a means of avoiding exploitation competition (Wootton
1990). Svanbick and Bolnick (2007) reported that resource
competition can produce increased dietary variation among
the members of a single population. Because intraspecific
competition is generally considered strong and widespread
(Gurevitch et al. 1992), the dynamics documented here
may play a major role in maintaining ecological variation
within populations. Moreover, such resource partitioning
among size classes provides an understanding of species
interactions and resource use.

There is an inverse relationship between the niche
breadth and the relative prey size, with the range of rela-
tive sizes of prey eaten expanding with increasing preda-
tor body size. The three species investigated primarily
consumed prey that were a small fraction of their own
body size. Differential size-based feeding strategies were
evident for the examined species, as the predator diets
were concentrated on varying ranges of relative prey
sizes. The prey ranged from 1 to 2 % of the predator’s
size (D. rhombeus) to between 3 and 7 % of the preda-
tor’s size (E. argenteus and M. furnieri). These findings
contrast with the patterns reported by Scharf et al. (2000)
for marine fish predators from the continental shelf waters
off the coast of the northeastern USA, where trophic-
niche breadths generally did not expand during predator
ontogeny and tended to become narrower for the largest
predators. The findings for the three species examined
in this study provide further evidence for the potential
importance of factors other than predator gape size, such
as behaviour, prey availability, and predator capture effi-
ciency, in limiting maximum prey size.

The primary goal of resource partitioning studies is to
describe the limits that interspecific competition places on
the number of species that may stably coexist (Schoener
1974; Ross 1986). The dietary overlap among size classes
for each species was lower than the dietary overlap of spe-
cies pairs within a given size class. A pattern of “size-struc-
tured components” of niche partitioning was identified.
This pattern suggests that stabilizing coexistence is pre-
sent because there is selective pressure for size groups to
diverge in resource use under conditions of reduced inter-
specific competition. The implications of these ontogenetic
dietary shifts appear to be of substantial importance for
avoiding intra- and interspecific competition. The inclusion

of more life history stages in future studies will be impor-
tant for having a more holistic understanding of resource
partitioning in mudflat areas.
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