Hydrobiologia (2005) 532: 23-38 © Springer 2005

Feeding habits of the juvenile striped weakfish, Cynoscion guatucupa Cuvier
1830, in Bahia Blanca estuary (Argentina): seasonal and ontogenetic changes

Paula Sardifia'* & Andrea C. Lopez Cazorla®

"Museo Argentino de Ciencias Naturales “Bernardino Rivadavia”. Av. Angel Gallardo 470, C1405DJR Capital Federal,
Argentina & Instituto Argentino de Oceanografia. Camino La Carrindanga Km 7, 8000 Bahia Blanca, Argentina
2Departamento de Biologia, Bioquimica y Farmacia, Universidad Nacional del Sur. San Juan 670, 8000 Bahia Blanca,
Argentina

(*Author for correspondence: Tel.: + 54-11-49826-670, E-mail: psardina@criba.edu.ar)

Received 30 June 2003; in revised form 14 April 2004; accepted 26 April 2004

Key words: C. guatucupa, juveniles, diet, ontogeny, prey selection, zooplankton

Abstract

The aim of this study was to analyze the feeding habits of the juvenile striped weakfish, Cynoscion gua-
tucupa Cuvier, from Bahia Blanca estuary, Argentina. C. guatucupa is one of the most important regional
fishing resources although in the last 10 years landings have greatly decreased. The year class strength of
fish as well as stock size and yield are determined during the early life stages. Knowledge about the diet of
young C. guatucupa may therefore contribute to our better understanding of the influence that the changes
occurring in the biota of the estuary exert on the abundance fluctuations of this species. To this end, we
investigated the ontogenetic and seasonal dietary changes of C. guatucupa between 1.00 and 12.99 cm total
length (age 0+), and we related them to changes in habitat use and prey selection. Two dietary shifts were
found during ontogeny. The first shift, at approximately 4cm total length, involved a change from
demersal-pelagic prey (mysid shrimps) to demersal-benthic prey (Peisos petrunkevitchi Burkenroad). The
second shift, at approximately 8 cm total length, involved a progressive increase in ichthyophagy (mainly an
increase consumption of the Argentine anchovy Engraulis anchoita Hubbs & Marini). Seasonal dietary
changes were also found. They evidenced the changes in the availability of organisms. In autumn, the
chaetognath Sagitta friderici Ritter-Zahoni, P. petrunkevitchi, and E. anchoita were the dominant prey
items; in winter, the copepod Labidocera fluviatilis Dahl along with S. friderici, mysids, and P. petrun-
kevitchi constituted the majority of the diet; and, in summer, mysids were the most important prey item
consumed. Selectivity data showed that whereas some prey items, such as the copepods Acartia tonsa Dana
and Paracalanus parvus (Claus) and S. friderici, were consistently negatively selected by all size classes
throughout the year, other prey items, such as fish larvae, mysids, and P. petrunkevitchi, were selected in
one season and avoided in another. Additional dietary seasonal differences observed in our research
indicate that the limited food supply and the low water temperatures are limiting factors for winter juveniles
in Bahia Blanca estuary. These factors may also directly influence the more-than-10 cm total length seaward
migration of large numbers of C. guatucupa that is registered at the end of every autumn.

Introduction aries during either one or more life history stages.
Many of these species, particularly members of the
Many commercially important fish species com- family Sciaenidae, use estuaries as nursery

mon all along the Argentinean coast live in estu- grounds where they seasonally dominate nekton
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assemblages. Estuaries have been reported to offer
physiologically suitable physicochemical condi-
tions, abundant prey resources, and low predation
risk (Joseph, 1973). These features presumably
increase survival, feeding, and growth rates of the
juvenile fishes.

The striped weakfish Cynoscion guatucupa Cu-
vier is a commercially important coastal sciaenid
all along the area that extends from central
Argentina (ca. 41° S; Diaz de Astarloa et al., 1997)
to Brazil (about 227°; S; Menezes & Figueiredo,
1980). C. guatucupa is one of the most important
coastal Argentinean—Uruguayan fishing resources
that is captured by bottom trawlers all along the
year (Nion, 1985; Cordo, 1986). In Bahia Blanca
estuary (Fig. 1), C. guatucupa accounts for the
bulk of the catches by coastal fishing fleets (50% of
the total annual catch in 1993). However, stock
size and yield have undergone important fluctua-
tions to the extent that in the last 10 years landings
decreased in large proportions (15% of the total
annual catch between 1994 and 1996) (Lopez
Cazorla, 1997).

The Bahia Blanca estuary ecosystem underwent
a severe perturbation throughout the 1980s and
1990s as a result of the industrial activity (oil
refineries, petrochemical industries, plastic facto-
ries, leather plants, textile plants, meat factories),
intensive marine traffic, dredging, and pollution
(Hoffmeyer, 2004). Much of the waste derived
from these activities ends up in the estuary with
poor or no treatment at all, thus contaminating
both the sediments and the biota (Ferrer, 2001). In
this respect, a recent study has reported several
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Figure 1. Bahia Blanca estuary, Argentina.

changes in the zooplankton assemblage composi-
tion and structure in the inner zone of Bahia
Blanca estuary during the period 1990-1991 com-
pared to the period 1979-1980 (Hoffmeyer, 2004).
Juvenile C. guatucupa consume zooplankton as its
primary prey during estuarine residency (Lopez
Cazorla, 1996). On account of the fact that year
class strength as well as stock size and yield are
determined during the early life stages (May, 1974;
Salojarvi, 1987), the study about the diet of young
fishes will contribute to our better understanding
of the influence that the changes in the biota of the
estuary exert on the abundance fluctuations of
C. guatucupa.

Previous studies on the feeding habits of juve-
nile C. guatucupa in Argentinean waters (Olivier
et al., 1968; Ciechomski & Ehrlich, 1977; Cordo,
1986; Lopez Cazorla, 1996) have provided general
baseline information. Based on these previous
studies, our research aims at providing a detailed
analysis of the diet changes during the ontogeny of
this species as well as interpreting these changes in
terms of morphology and habitat utilization. In
addition, our research aims at contrasting stomach
contents with simultaneously available prey offer
in order to elucidate the feeding selectivity mech-
anisms of juvenile C. guatucupa.

In view of the above, the objectives of our study
were (1) to assess the seasonal diet of juvenile C.
guatucupa at the southern extreme of the species
distribution range in Bahia Blanca estuary, (2) to
analyze ontogenetic dietary changes, and (3) to
study the feeding selectivity mechanisms of young
C. guatucupa on zooplankton.

Materials and methods
Study area

Bahia Blanca estuary (Fig. 1), the second largest
estuary in Argentina, is located between 38°30'—
39° 25'S and 61° 15-63° 00’ W. It is a mesotidal
system formed by a series of NW-SE major tidal
channels separated by extensive tidal flats and is-
lands. It covers an area ranging from 750 (low
tide) to 1900 (high tide) km?. The system is dom-
inated by a semidiurnal, quasi-stationary tidal
wave. Mean tidal amplitude varies from 2.2m at
the mouth to about 3.5m at the head. The estuary



is made up of two well-defined zones: the inner
zone and the outer zone. The former extends be-
tween Ingeniero White Port and Villarino Viejo
(Fig. 1); it receives the freshwater input of the
Sauce Chico river and the Naposta Grande creek,
and its waters show neither salinity nor tempera-
ture stratification. The outer zone, ranging from
the vicinity of Puerto Belgrano to the mouth, is
characterized by an important exchange of waters
(Piccolo & Perillo, 1990). The estuary is very
shallow, with a mean depth of approximately
10m, and highly turbid due to the predominance
of fine sediment and the turbulent mixing of wa-
ters. Temporal changes are complex, depending
mainly on the generally low and variable fresh-
water input. Water temperature varies seasonally,
with highest values in summer (approximately
21 °C from December to February) and lowest
values in winter (approximately 8 °C from June to
August). Normally, salinity varies around 30-35 %,
although in summer values as high as >409%,
may occur (Freije et al., 1981).

All along our study, water temperature ranged
from 6.8 to 22.4 °C, the lowest values being in
winter (June—September) and the highest ones in
summer (December—February). Salinities ranged
from 31.9 to 37.39%,. Dissolved oxygen concen-
trations oscillated around 5.7-12.1%. All param-
eters were vertically uniform throughout the
sampling period.

Field samples and laboratory procedures

Monthly samples of juvenile C. guatucupa were
collected in diurnal net tows in Bahia Blanca
estuary between March 2000 and February 2001.
Samples were taken from the Canal del Embudo
zone (Fig. 1) using shrimp nets of 1-cm-tail bag
mesh (knot-to-knot). The sampling station was
considered to be representative of the whole estu-
arine habitat as it constitutes the middle point of
the species distribution inside the estuary. It is also
the most frequently used fishing area by the coastal
fleet from Ingeniero White Port.

All fish were frozen immediately after capture.
Zooplankton samples were collected simulta-
neously with fish samples using a conical 200 yum
mesh plankton net (0.3 m in diameter, 1.0 m long).
Three horizontal 5min tows at 2knots were made
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prior to each fish collection, and samples were
preserved in formaldehyde (5%). Water tempera-
ture, salinity, and dissolved oxygen concentration
were recorded using a HORIBA U10 water ana-
lyzer. Surface and bottom (4m) temperature,
salinity, and dissolved oxygen concentration were
measured to verify vertical profiles of these
parameters.

In the laboratory, all fish were measured to the
nearest mm total length (L1) and grouped into
1-cm size classes. A subsample composed of ten
randomly selected specimens of each size class was
used for diet analysis. These fish were wet weighted
to the nearest gram and their stomachs were re-
moved and preserved in 10% formaldehyde.
Mouth height (mouth fully open) and width (dis-
tance between angles of jaw with mouth opened)
were measured in 180 randomly selected fish from
a pooled yearly collection covering at least 10
animals per size class.

Stomach contents were sorted, counted, and
identified to the lowest possible taxon. The maxi-
mum size (length or width depending on the prey)
of intact dietary items was measured. Species
identifications for a sizable fraction of the prey
item were not possible due to their state of diges-
tion. The copepod species Acartia tonsa Dana and
Paracalanus parvus (Claus) were treated together
as A. tonsa/P. parvus because of the difficulty in
identifying digested materials.

Large food items were damp-dried on a paper
towel and weighted whereas the mass of prey items
too small to be weighted was assessed measuring
and using appropriate size-to-biomass relation-
ships (see below).

Mysid  shrimps (Arthromysis  magellanica
(Cunningham) and Neomysis americana (Smith))
and chaetognaths (Sagitta friderici Ritter- Zah-
oni) were measured to the nearest 0.1 mm, grouped
into 1-mm size classes, and weighted to the nearest
0.0001 g. A mean biomass for each size class was
used to develop a regression equation relating
length to wet mass (Table 1). The length—mass
relationship reported by Fernandez Araoz (1991)
and Hoffmeyer & Torres (2001) was used for
A. tonsa and Calanoides carinatus Kroyer. The
biomass for both A. tonsa/P. parvus was estimated
from measurements of only A. fonsa as there are
no published data on P. parvus. Ten groups of five
adult individuals were weighted to obtain a mean
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Table 1. Total number (N), size range (r) and regression slopes
of total weight (W) and total length (L) of the mysid shrimps
Arthromysis magellanica and Neomysis americana, and the
chaetognath Sagitta friderici catched by means of horizontal net
tows in Bahia Blanca estuary, Argentina

N r(mm) Equation

A. magellanica 49 320 Wy = 6 x 107L3%2(r* = 0.98)
N. americana 36 3-36 W = 4x 107°L3% (¥ = 0.99)
S. friderici 131 411 Wyp = 3x 1077135 (2 = 0.99)

biomass value for the copepod Labidocera fluvia-
tilis Dahl.

Stomach contents were compared to the zoo-
plankton prey present at the time of collection.
Zooplankters were identified to the lowest possible
taxon and counted. Counts were standarized to
individuals/m?® (ind/m?).

Data analysis

Diet assessment

In order to compensate for bias in the assessment
of diet composition when prey items differed
markedly in size and biomass, the following three
complementary indices were used: numerical
composition (N), biomass (W), and frequency of
occurrence (FO). These indices were calculated by
species, major zoological groups (chaetognaths,
copepods, mysids, crabs, Penaeids, Peisos petrun-
kevitchi Burkenroad, amphipods and fish), and
ecological groups. The ecological groups were de-
fined according to Koen Alonso et al. (2001) as
benthic (the prey species dwells at the bottom),
demersal (the prey species dwells near the bottom),
and pelagic (the prey species dwells in the upper
layers of the water column). Demersal prey species
include the demersal-pelagic (the prey exhibits a
diel vertical migration pattern) and the demersal-
benthic (the prey species does not migrate verti-
cally).

Multidimensional scaling analysis (MDS) was
used to pinpoint dietary size-related and seasonal
shifts. Seasons were defined as follows: autumn
(March, April, and May), winter (June, July, Au-
gust, and September), and summer (December,
January, and February). The data used were
standardized prey numerical abundances per 1 cm
predator size class (Bray & Curtis (1957) dissimi-
larity index). Results from the MDS analysis were

validated through cluster analysis based on the
same dissimilarity matrix and by means of the
unweighted pair-group method using arithmetic
averages (UPGMA) clustering procedure. The re-
sults of the cluster analysis are represented by
dendrograms and those of MDS, by two-dimen-
sional maps. Goodness of fit of the derived map
was measured by a ‘stress coefficient’ (Field et al.,
1982). Stress values <0.1 imply a good represen-
tation (Clarke & Warwick, 1994). Discontinuities
in the diet between body sizes and seasons may be
accepted as real when the results of the two
methods agree (Field et al., 1982).

Prey diversity in the diet, which yields an esti-
mate of dietary breadth (Marshall & Elliot, 1997),
was calculated using Levin’s standardized index,
B, (Krebs, 1998) for each class group obtained
from the ontogenetic diet analysis described above,
and for each season: By = (B; — 1)/(n — 1), where
B; is Levin’s index and » is the total number of
prey species. B4 was calculated on the standardized
prey numerical abundances.

Two-way analyses of variance (2-way
ANOVA) were carried out to test the significance
of variation of mean vacuity (%V), mean prey
number/stomach (MPN), and mean prey biomass/
stomach (MPB) (dependent variables) as a func-
tion of fish size and season (independent vari-
ables). On account of the fact that only small and
medium-sized C. guatucupa were captured in
summer, two sets of comparisons were carried out.
In the first one, differences between autumn and
winter, and three size classes of C. guatucupa (see
Results) were tested. In the second one, differences
were tested among autumn, winter and summer,
and two size classes of C. guatucupa. The nor-
mality of the data was verified using Lilliefors’ test
and the homogeneity of variances was verified
using Barlett’s test (p > 0.05). When data did not
satisfy any of the assumptions of parametric tests,
logarithmic transformations were applied.

Fish morphology and prey size

Mouth gape was estimated as follows: mouth
gape = mouth height x mouth width x . This
equation, which is the area of an ellipse, was used
mainly for two reasons. Firstly, we consider it the
best way to estimate the mouth opening of the
species. Secondly, it involves both the mouth
height and width.



Regression equations were calculated to eval-
uate the relationship between fish Lt and mouth
gape, and the size of the largest preys found in the
gut contents.

Prey selection

Feeding selectivity was evaluated using
Vanderploeg & Scavia’s (1979a, b) relativized
electivity index E = (W; — 1/n)/(W; — 1/n), where
n is the number of prey types and W; is Chesson’s
(1978, 1983) index. Values of E range from E = 1,
indicating strong selection for a particular prey
type, to £ = —1, indicating strong avoidance. E
values around 0 indicate random use of a resource
(Lechowicz, 1982). E was calculated separately for
each group of size classes during each season.

Results

C. guatucupa was captured from March to Sep-
tember 2000, and from December 2000 (2 animals)
to February 2001 (Table 2). In total, 2398 juveniles
ranging between 1 and 16cm Lt were collected,
833 of which — between 1 and 12 cm Lt — were used
for the diet analyzes (Table 3). Mysid shrimps
dominated the diet in terms of numbers of indi-
viduals (44.0%) and in terms of frequency of

Table 2. Total junveniles collected (N), size range (r), mean
total length + standard deviations (Lt =+ st. dev.), and total
number of stomachs analyzed (n) of Cynoscion guatucupa
captured in Bahia Blanca estuary between March 2000 and
February 2001

N r(cm Lr) Ly £ st. dev. n
March 242 2-11 426 £ 1.75 112
April 318 2-12 6.19 £ 2.04 150
May 42 1-7 521 £ 1.71 40
June 331 2-13 495 + 1.96 140
July 105 2-15 510 £ 2.08 74
August 517 3-16 595 £ 1.68 128
September 55 2-5 3.52 +£ 0.63 36
October 0 - - -
November 0 - - -
December 2 - 7.25 £ 0.63
January 283 1-5 291 + 0.64 ol
February 503 2-7 4.60 £ 0.95 90
TOTAL 2398 1-16 493 + 1.88 833
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occurrence. They were followed by the sergestid
P. petrunkevitchi, the calanoid copepod L. fluvia-
tilis, and the chaetognath S. friderici. In terms of
biomass, P. petrunkevitchi and fishes, mostly the
Argentine anchovy Engraulis anchoita Hubbs &
Marini (Engraulidae), were the most important,
and both represented 77.3% in the total diet, being
followed by mysids and epibenthic penaeid prawns
(Artemesia longinaris (Bate) and Pleoticus muelleri
Bate).

Stomach contents allowed the identification of
three-size groups in C. guatucupa plus one odd
class (1.00-1.99cm Lt; see Fig. 2). The resulting
stress for the MDS two-dimensional plot was 0.02,
indicating an excellent representation. This
grouping was subsequently validated by the cluster
analysis, thus strongly supporting the MDS re-
sults.

Members of the first group (small juveniles
from 2.00 to 4.99cm Lt Fig. 2) ate almost exclu-
sively mysid shrimps. The second group (medium
juveniles from 5.00 to 8.99cm Lt) was character-
ized by the dominance of mysids in terms of fre-
quency and numbers, whereas P. petrunkevitchi
was dominant in terms of biomass (Table 3). For
the third group (large juveniles from 9.00 to
12.99cm Lt), mysids and P. petrunkevitchi were
the most frequent prey items, P. petrunkevitchi
became dominant in terms of numbers whereas the
highest biomass values were shared by this ser-
gestid and small fishes, mainly E. anchoita (these
two items represented 90.6% in the total diet bio-
mass; see Table 3).

In terms of ecological groups, these changes in
the diet implied a change in habitat utilization, i.e.,
small juveniles were characterized by a demersal-
pelagic diet whereas large juveniles ate mainly
demersal-benthic prey items (Fig. 3). Pelagic
organisms were present all throughout the three
size classes but their species composition changed,
i.e. S. friderici and L. fluviatilis were dominant in
the diet of small juveniles while E. anchoita was
dominant in the diet of medium and large indi-
viduals.

Levin’s index of diet width was narrower in
small and large C. guatucupa (B4 = 0.31 and 0.33,
respectively), and wider in medium-sized animals
(B4 = 0.45). Results of the 2-way ANOVAs are
shown in Table 4. Both analyses yielded no
interaction between size of the fish and season.
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Figure 2. Two-dimensional multidimensional scaling configu-
ration (MDS, stress =0.02) based on the standarized numerical
abundances of prey found in the stomach contents of Cynoscion
guatucupa (n = 833) from Bahia Blanca estuary, showing the
classification by size into three main groups: Small, Medium
and Large. Numbers indicate cm total length (L7): 1.00-1.99 cm
L7; 2.00-2.99cm L7, and so on.

Therefore, principal effects are presented (Table 4).
Mean vacuity (%V) decreased with fish size, al-
though significant differences were only found
between small and large C. guatucupa. Mean prey
number/stomach (MPN) increased with fish body
size. However, statistical differences were only
found between small and large fishes. Also, mean
prey biomass/stomach (MPB) significantly in-
creased across the three-size groups (Table 4).

Fish morphology and prey size

The size of the largest prey items found in the
stomach contents increased linearly with both fish
Lt and mouth gape (p < 0.01, Fig. 4). Prey sizes
varied from 1 mm for A. tonsa/P. parvus to 40 mm
for the largest penacid (P. muelleri) found in gut
contents. The differences between prey and mouth
size became progressively more evident with
increasing fish length. That is, the largest preys
approached mouth gape size in smaller juveniles
but were much smaller than the mouth gape size in
larger individuals (e.g., in 2cm Lt C. guatucupa,
the largest prey found in the gut contents was 11
mm and the mouth gape was 12.61 mm?; in con-
trast, in 12cm Lt C. guatucupa, the largest prey
measured was 38 mm for a fish having a mouth
gape of 285.44mm?). Also, the overall prey size
range was larger in larger fishes. In small C.
guatucupa, preys ranged from 1 to 16 mm, whereas
in large C. guatucupa, preys ranged from 1 to
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Figure 3. Size-related variations in the importance of the eco-
logical groups of prey of Cynoscion guatucupa from Bahia
Blanca estuary, based on the three size groups considered:
Small = 2.004.99cm total length, Medium = 5.00-8.99 cm
total length and Large =9.00-12.99cm total length.
%W = percentage of the total wet weight, %N = percentage by
number and %FO = percent frequency of occurrence.

38 mm. As a result, whereas small food items were
eaten by fishes of all sizes, large food items were
eaten only by large predators.

Seasonal feeding changes

MDS was carried out on each group of size classes
identified from the ontogenetic analysis (see
above) for each season. Three seasonal groups and
two ungrouped seasons (small C. guatucupa from
autumn and winter) were identified (Fig. 5,
stress = 0.07). Consistency of these groups was
subsequently confirmed by cluster analysis.
Group I was represented by medium and large
C. guatucupa from autumn, with their diets dom-
inated by P. petrunkevitchi in terms of frequency
and numbers as well as by this sergestid and
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Table 4. ANOVA results for the two set of comparisons (a and b) of season and fish size differences in mean vacuity (%V), mean prey
number/stomach (MPN) and mean prey biomass/stomach (MPB) in the diets of Cynoscion guatucupa captured in Bahia Blanca estuary

between March 2000 and February 2001

p

%V MPN MPB
(a)
Size, Season 0.96 0.18 0.74
Size 0.05* 0.03* 0.000**
Season 0.3 0.009** 0.01**
Effect: Size
Small 234 £ 1140 a 274 + 144 a 0.01 £ 0.005 aa
Medium 9.50 + 8.15 299 + 1.11 0.06 + 0.04 aa
Large 580 £ 6.74 a 493 £ 2.04a 0.18 £+ 0.14 aa
Effect: Season
Autumn 7.94 + 8.27 429 + 1.28 aa 0.11 £ 0.14 aa
Winter 1691 + 12.46 2.82 + 1.94 aa 0.05 £ 0.06 aa
(b)
Size, Season 0.88 0.21 0.25
Size 0.14 0.61 0.000%*
Season 0.03* 0.003%* 0.004%*
Effect.: Size
Small 11.95 + 13.25 3.16 £ 1.41 0.01 £+ 0.004 aa
Medium 13.15 £ 10.98 3.6 £ 1.69 0.04 £ 0.03 aa
Effect: Season
Autumn 10.56 + 9.5 3.73 £ 0.77 aa 0.05 £ 0.04 aa bb
Winter 20.67 £ 1222 a 2.12 £+ 1.12 aa bb 0.02 + 0.01 aa
Summer 394 + 544 a 4.47 £ 1.56 bb 0.02 £+ 0.007 aa bb

In (a) two seasons (autumn and winter) and three size classes (small = 2.00-4.99 cm total length, medium = 5.00-8.99 cm total length,
and large = 9.00-12.00 cm total length) were tested. In (b) three seasons (autumn, winter and summer) and two size classes (small and
medium) were compared. Mean =+ standard deviations and principal effects for each set of comparisons are shown. Statistical
differences were found between factors with the same letter: single letter, p <0.05; double letter, p <0.01.

E. anchoita in terms of biomass (Table 5). Group
IT included medium and large juveniles from win-
ter, with the stomachs being characterized by low
quantity of food with L. fluviatilis, S. friderici and
mysids as dominant species in terms of frequency
and numbers, and P. petrunkevitchi in terms of
biomass. Group III included juveniles from sum-
mer and was characterized by the dominance of
mysids in their diets (Table 5).

In small C. guatucupa from autumn, S. friderici
and mysids were the most important prey items
in terms of frequency and numbers, whereas
P. petrunkevitchi was the most important one in
terms of biomass (Table 5). On the other hand, in

small C. guatucupa from winter, mysids, L. flu-
viatilis, and S. friderici were dominant in terms of
frequency and numbers, while mysids (mainly A.
magellanica) were dominant in terms of biomass.

Levin’s index of diet breadth was wider in
winter (B4 = 0.38) than in the rest of the year
(B4,=0.29 and 0.23 in autumn and summer,
respectively). %V was higher in winter than in the
other two seasons (Table 4 and Fig. 6). Statistical
differences were only found between winter and
summer. MPN was significantly lower in winter
than in autumn and summer. MPB was always
higher in autumn than in winter and summer (see
Table 4).
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Figure 4. Size of the largest preys found in the gut contents as a
function of (a) fish total length (Max.PreySize = 2: 91L7+ 0.34;
”=0.67; n=288) and (b) fish mouth gape (Max.
PreySize = 0.11MouthGape + 9.24; > = 0.61; n = 85) of Cy-
noscion guatucupa from Bahia Blanca estuary.
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Figure 5. Two-dimensional multidimensional scaling configu-
ration (MDS, stress = 0.07) based on the standarized numbe-
rical abundances of prey found in the stomach contents of
Cynoscion guatucupa (n = 833) from Bahia Blanca estuary,
showing the classification by season into three main groups.
1 = small C. guatucupa (2.00-4.99 cm total length), 2 = med-
ium-sized C. guatucupa (5.00-8.99 cm total length), 3 = large
C. guatucupa (9.00-12.99 cm total length).

Zooplankton abundance and prey selection

Mean zooplankton density ranged from 192.05 =+
88.70 ind/m?® in winter to 1000.00 4 295.06 ind/m?
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in summer (Table 6). There was a clear dominance
of copepods all throughout the year (77-98% of
the monthly total abundances), A. tonsa/P. parvus,
and the harpapticoid Euterpina acutifrons (Dana)
being the dominant species. As to the zooplankton
taxa that contributed to juveniles’ diets, mysids
increased in summer whereas P. petrunkevitchi was
more abundant in autumn. S. friderici was present
all along the year and was more abundant in au-
tumn and summer. Similarly, fish larvae were
found during the three seasons considered in the
present study although the highest numbers were
registered in summer (Table 6).

In autumn, all C. guatucupa strongly selected
mysids and large juveniles moderately selected
fishes. The remaining prey items were avoided,
including P. petrunkevitchi, even though it was the
dominant prey item in the diets of medium and
large specimens during that season (Table 5). In
winter, the only prey item selected was L. fluvi-
atilis (Table 6). Mysids were avoided by all size
groups although they were important dietary
components in winter (Table 5). In summer, small
C. guatucupa positively selected L. fluviatilis,
mysids, and P. petrunkevitchi whereas medium-
sized individuals positively selected P. petrunkev-
itchi and avoided all other prey taxa (Table 6).

The copepods A. tonsa/P. parvus and C. car-
inatus, S. friderici, and crabs were negatively se-
lected by the three-size groups in all the seasons
considered in the present study (Table 6).

Discussion

C. guatucupa supports important commercial
fisheries in Bahia Blanca estuary, although his-
torical data show dramatic variability in its pop-
ulation in the last 10 years (Lopez Cazorla, 1997).
Ruarte et al. (2000) indicate that the zone located
outside the estuary, called El Rincon, is one of the
most important fishing grounds of C. guatucupa in
the country, and Lopez Cazorla (1997) claims that
the observed declines are probably due to the
fishing pressure exerted on this species.

The Bahia Blanca estuary ecosystem underwent
a severe perturbation throughout the 1980s and
1990s as a result of pollution sources correspond-
ing to industrial activities, maritime traffic,
dredging, and domestic sewage (Ferrer, 2001;
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Figure 6. Monthly variation in water temperature and in
feeding activity (1 — %Vacuity) of Cynoscion guatucupa
(n = 833) from Bahia Blanca estuary.

Hoffmeyer, 2004). A recent study has, in fact,
found severe alterations in the zooplankton
assemblage composition and structure in the inner
zone of the estuary. In this respect, three main
changes were observed in the period 1990-1991
with respect to the period 1979-1980: (1) the
dominance, during winter—spring, of two new
invading species (the copepod Euritemora americana
Williams and the cirriped Balanus glandula Dar-
win), which caused a decrease in the autochtho-
nous key copepod A. tonsa, (2) seasonal changes in
diversity and species richness, and (3) a decrease in
the community stability (Hoffmeyer, 2004). In
addition, and since this estuary is very shallow and
mixed, the plankton—benthos relationship is very
strong to the extent that dredging and its effects on
the benthos community probably also affected the
plankton community (Hoffmeyer, 2004).

One of the major changes in the composition of
zooplankton assemblages after a decade (1980-
1990) was a decrease in the frequency and abun-
dance of P. petrunkevitchi, the principal food item
in the diet of juvenile C. guatucupa. Other impor-
tant food items for C. guatucupa also showed
changes. In this respect, an increase in frequency
and abundance was detected for the chaetognath
S. friderici and the mysid shrimps A. magellanica
and N. americana, and it was attributed to
dredging effects (Hoffmeyer, 2004).

It is seems likely that the estuarine habitat loss
and degradation could have affected fish popula-
tions in the last years, particularly during the early
life stages. It is worthy of note that all the juveniles
analyzed in this study were found to be in good
feeding conditions (P. Sardifia & A.C. Lopez Ca-
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zorla, unpublished data). Long-term changes in
the environmental conditions and in the biota of
the estuary represent a combination of factors that
could have impacted recruitment levels and are
likely to account, in some degree, for the decline in
C. guatucupa adult stock. Further declines should
be expected if an integral habitat and fishery
management are not to be implemented.

The results found in this study are indicative of
important ontogenetic changes in the diet and prey
selectivity mechanisms of the three-size classes of C.
guatucupa studied. Shifts in habitat use and
behavioral constraints related to morphological
features interact to determine the diet and the actual
availability of prey items in the environment for
each size class of C. guatucupa. Young C. guatucupa
have three different size-related feeding mecha-
nisms. Small juveniles (2.004.99cm L) strongly
favor mysid shrimps over the other food items
consumed, thus showing a narrow diet width
(B4=0.31). In medium-sized juveniles (5.00—
8.99 cm L), the preference for mysids is less marked
and the contribution of other prey items is larger
(B4 = 0.45). In large C. guatucupa (9.00— 12.99 cm
Lt), trophic specialization increases (B4 = 0.33)
mainly because of the marked preference for
P. petrunkevitchi. In these large juveniles, the ser-
gestid was eaten by more than half of the collected
fish and represented 50% of the total diet biomass.

Published data on the diet of juvenile C. gua-
tucupa are scarce. In general, our results are in
agreement with previous studies in the region
(Lopez Cazorla, 1996) and in other Argentinean
coastal areas (Olivier et al., 1968; Ciechomski &
Ehrlich, 1977; Cordo, 1986). All these studies re-
port shrimps (P. petrunkevitchi and P. muelleri)
and fishes (E. anchoita) as dominant food items.
Amphipods (Gammaridea) have been reported to
be an important prey of Mar del Plata coast (ap-
prox. 38°S; Ciechomski & Ehrlich, 1977). One
peculiarity in the diet of C. guatucupa in Bahia
Blanca, is the dominance in small juveniles of
mysid shrimps, which usually represent a small
proportion in the diet in populations located far-
ther north along the coast (Ciechomski & Ehrlich,
1977; Cordo, 1986). A. magellanica and N. ameri-
cana, together with A. tonsa, are the most frequent
species in Bahia Blanca estuary all along the year
(Hoffmeyer, 1983, 1994). This suggests that their
higher proportions in the stomachs
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contents of C. guatucupa from Bahia Blanca with
respect to that in other areas results from a higher
availability rather than from interpopulational
differences in feeding preferences. Data on prey
abundance were not collected in any of the above-
mentioned studies although observations on the
coast of Mar del Plata suggest that mysids are less
abundant in that area than in Bahia Blanca estu-
ary (Scelzo, pers. comm.).

Literature indicates that the diet of young
C. guatucupa in South Atlantic coastal waters is
similar to that of other Cynoscion species else-
where. In fact, N. americana is the dominant prey
item of Cynoscion regalis (Bloch & Schneider)
<90mm SL in Delaware Bay (Grecay & Targett,
1996), and, together with copepods, it is the main
food item of Cynoscion nebulosus Cuvier between 3
and 28.8mm SL from the Barataria-Caminada
Bay (Baltz et al., 1998).

Ontogenetic diet shifts in the juveniles of
C. guatucupa in Argentinean waters have not been
studied to date although diet changes in other
Cynoscion species elsewhere are well documented.
In this respect, Sheridan (1979) reported ontoge-
netic changes in the feeding habits of the sand
seatrout Cynoscion arenarius Ginsberg from Ap-
alachicola Bay, Florida. The latter fish <40 mm SL
prey heavily on mysids whereas larger ones are
mainly piscivorous. Baltz et al. (1998) found that
C. nebulosus <2cm SL eats mainly A4. tonsa and
that subsequently shifts to mysid shrimps.

Dictary shifts are common in fish. These
changes are usually related to modifications in the
environmental conditions, habitat use, size-related
morphological constraints, and the energetic
requirements of the animals. In the latter case,
changes in the diet are often related to the opti-
mization of resource usage (Stephens & Krebs,
1986). In the case of C. guatucupa, the diet changes
described in our research are related to changes in
habitat use (from demersal-pelagic to demersal-
benthic and a progressive increase in ichthyo-
phagy) and morphology. These changes involve an
increase in the quality of the diet (in terms of
biomass), in which small crustaceans like mysid
shrimps are replaced by large crustaceans, such as
P. petrunkevitchi, and fishes.

In relation to these observations, prey selectivity
analysis showed that for small prey items, e.g.,
S. friderici and mysids, selectivity values decreased
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with fish size, whereas for large prey items, e.g.,
P. petrunkevitchi and fish larvae, the opposite pat-
tern occur. These findings are indicative of the fact
that prey selection seems to be related not only to
prey size but also to fish energy requirements. In
fact, as C. guatucupa grew, net prey biomass (and
therefore the nutritional value of the diet) also in-
creased (see Table 4). S. friderici represented an
important dietary item in terms of frequency and
numbers, but it constituted a minor part of the diet
in terms of biomass. In contrast, although fishes
were numerically less important, they always rep-
resented an important part in the total dietary
biomass.

On the other hand, prey size has been shown to
be determined by changes in the feeding apparatus
(Peterson & Mclntyre, 1998). Our data support
this relationship for small C. guatucupa although it
is less obvious for larger juveniles. This may indi-
cate that mouth gape is not a limiting factor for
the ingestion of larger prey items among larger
juveniles, and that, although larger prey may
provide fish with more energy, other factors such
as handling time and capture success may repre-
sent higher costs to this species when preying on
larger food items. The preference for prey items
that are substantially smaller than those presum-
ably permitted depending on mouth-size has been
observed elsewhere in other fish species (Boubée &
Ward, 1997; Gaughan & Potter, 1997).

Other aspects in the diet of C. guatucupa also
varied during ontogeny. As fish grew, feeding
activity (inferred from the proportion of empty
stomachs) became increasingly higher and the
amount and weight of prey eaten also increased.
These patterns have been reported for many young
fishes (Grossman, 1980; Stergiou & Fourtouni,
1991; Milton et al., 1994; Kleanthidis & Sinis,
2001) although other studies (Jones, 1984; Gil-
landers, 1995; McCormick, 1998; Lukoschek &
McCormick, 2001) described a marked decrease in
feeding rates with increasing fish size. This obser-
vation was reported for C. guatucupa between 75
and 138 mm Lt from Mar del Plata (Ciechomski,
1981). The author found through laboratory
experiments that the smallest specimens evidenced
the highest feeding rates whereas the largest ani-
mals evidenced the lowest ones. In our study,
the increased feeding rates observed in large
C. guatucupa is most probably related to an
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increase in the energetic requirements, as pointed
out above.

Seasonal C. guatucupa diet shifts evidenced the
changes in the availability of organisms. Our re-
sults show that mysids and P. petrunkevitchi rep-
resented the major part of the diet and that,
although they were consumed all along the year,
their representation was higher when they in-
creased in the environment, i.e., mysids in summer
and P. petrunkevitchi in autumn, respectively.
Similarly, S. friderici and L. fluviatilis always rep-
resented an important part of the diet (in terms of
frequency and numbers) when they were present in
the estuary. On the other hand, and although their
overwhelming numerical abundance in the water
column, A. tonsa/P. parvus were minor compo-
nents of the diets and were always strongly nega-
tively selected by all size classes.

Selectivity data showed that C. guatucupa se-
lected certain prey items whereas other ones were
avoided. Also, whereas some prey items were
consistently negatively selected by all size classes
all along the year, other prey items were selected in
one season and avoided in another. S. friderici was
always negatively selected even when it was a
major component of the diets (autumn and sum-
mer). For mysids, electivity values showed that
even though they were the predominant food item
for C. guatucupa in winter, all size groups ate fewer
mysids than expected from their availability in the
water column (Table 6). In contrast, the calanoid
L. fluviatilis was always positively selected. Simi-
larly, even though P. petrunkevitchi was dominant
in the diets of C. guatucupa during autumn, it was
avoided by all size classes during the same season
and it was always selected for by all juveniles in
summer.

Differences in prey selection mechanisms could
be related to differences in the vertical distribu-
tions of predator and prey, prey morphology,
relative abundance, and availability of other prey
taxa. For example, negative values for S. friderici
and P. petrunkevitchi in autumn, are likely to be
related to their high availability to all size classes
during that season. Abundance values shown in
Table 6 for P. petrunkevitchi are probably under-
estimated (because of net avoidance during sam-
pling). Our observations in the field and previous
published data (Hoffmeyer, 1983) indicate that this
sergestid is very abundant in the estuary during

autumn. In this respect, and although during au-
tumn juveniles consumed fewer P. petrunkevitchi
than expected from their availability in the envi-
ronment, this crustacean represented the major
component of their diets (Table 5). Lukoschek &
McCormick (2001) reported similar results for the
carnivorous fish Parupeneus barberinus (Lacé-
péde), which was found to negatively select poly-
chaetes, the dominant prey in their diet, because of
their high availability to all size classes. On the
other hand, differences between C. guatucupa (a
mid-water feeder) and P. petrunkevitchi (an epi-
benthic crustacean) depth distributions could have
also influenced selectivity. In addition, values for
mysids in winter are probably related to the in-
creased availability of the copepod L. fluviatilis in
the estuary. In fact, this copepod was the only prey
item positively selected by all size classes in winter
and was also the most important one in the diets
during this season.

Additional seasonal differences were found in
the feeding behavior of C.guatucupa. The reduced
feeding activity and the lower MPN and MPB
registered in winter are likely to indicate that
limited food supply and water temperature are
limiting factors for winter juveniles in the estuary.
This could be indicative of the fact that juveniles
reduce their feeding activity as the temperature
decreases (7 °C in July and August, see Fig. 6) as
described for many demersal fishes (Tyler, 1971;
Caragitsou Papaconstantinou, 1988). Also, in
winter mean zooplankton density decreased to 192
ind/m? (compared to 870 and 1000ind/m?> regis-
tered in autumn and summer, respectively), sug-
gesting that the decreased availability of prey was
also limiting feeding.

The importance of C. guatucupa as forage for
larger coastal fishes, including adult C. guatucupa
(Lopez Cazorla, 1996) magnifies the potential
significance of this species as exporters of estuarine
production to the ocean during winter seaward
migrations. Given that a significant portion of
emigrating fish populations does not survive to
return to estuaries the following spawing season,
the net balance of biomass and energy transfer
strongly favor export to the coastal ocean
(Gillanders, 1995).

As a result, and in view of the data collected
from our research, it can be concluded that juve-
nile C. guatucupa plays an important trophic role



as major consumer of zooplankton during estua-
rine residency and represents a major transfer of
energy to the relatively low production areas
outside the estuary, when large numbers of
C. guatucupa >10cm Lt emigrate seaward from
Bahia Blanca estuary every autumn.

Acknowledgements

We would like to thank C. Bernardez and A. Conte
for their help in the field, Drs M. Hoffmeyer and R.
Pettigrosso for assisting in the identification of the
zooplankton, and N. Bulnes, S. Forte and W.
Duran for assisting in the laboratory. Also, we
would like to thank Dr D. Boltovskoy for his
critical comments and discussions. Logistic and
laboratory support was provided by the Instituto
Argentino de Oceanografia (IADO) and the Museo
Argentino de Ciencias Naturales ‘Bernardino
Rivadavia’. This study was supported by a grant
from the Consejo Nacional de Investigaciones
Cientificas y Técnicas (CONICET) of Argentina.

References

Baltz, D. M., J. W. Fleeger, C. F. Rakocinski & J. N. McCall,
1998. Food, density and microhabitat: factors affecting
growth and recruitment potential of juvenile saltmarsh
fishes. Environmental Biology of Fishes 53: 89-103.

Boubée, J. A. T. & F. J. Ward, 1997. Mouth gape, food size,
and diet of the common smelt Retropinna retropinna (Rich-
ardson) in the Waikato River system, North Island, New
Zealand. New Zealand Journal of Marine and Freshwater
Research 31: 147-154.

Bray, J. R. & J. T. Curtis, 1957. An ordination of the upland
forest communities of Southern Wisconsin. Ecological
Monographs 27: 325-349.

Caragitsou, E. & C. Papaconstantinou, 1988. Feeding habits of
red pandora (Pagellus erythrinus) off the western coast of
Greece. Journal of Applied Ichthyology 4: 14-22.

Chesson, J., 1978. Measuring preference in selective predation.
Ecology 59: 211-215.

Chesson, J., 1983. The estimation and analysis of preference
and its relationship to foraging models. Ecology 64: 1297—
1304.

Ciechomski, J. D., 1981. Food utilization by juveniles of some
sciaenid fish from coastal waters off Argentina. Contribucion
No. 363, Instituto Nacional de Investigacion y Desarrollo
Pesquero, Mar del Plata, Argentina.

Ciechomski, J. D. & M. Ehrlich, 1977. Alimentacion de juve-
niles de pescadilla, Cynoscion striatus (Cuvier, 1829) Jordan
and Evermann, 1889 en el mar y en condiciones experi-
mentales. Pisces, Siaenidae, Physis 37: 1-12.

37

Clarke, K. R. & R. M. Warwick, 1994. Change in Marine
Communities: an Approach to Statistical Analysis and
Interpretation. Natural Environment Research Council, UK.

Cordo, H. D., 1986. Estudios bilogicos sobre peces costeros con
datos de campanas de investigacion realizadas en 1981. IIL.
La pescadilla de red (Cynoscion striatus). Publicacion de la
Comision Técnica Mixta del Frente Maritimo 1: 15-27.

Diaz de Astarloa, J. M., C. R. Carozza, R. A. Guerrero, A.
Baldoni & M. B. Cousseau, 1997. Algunas caracteristicas
biologicas de peces capturados en una campafa costera in-
vernal en 1993, el area comprendida entre 34°y 42° S
(Atlantico sudoccidental) y su relacion con las condiciones
ambientales. Informe Técnico No. 14, 35, Instituto Nacional
de Investigacion y Desarrollo Pesquero, Mar del Plata,
Argentina.

Fernandez Araoz, N. C., 1991. Individual biomass, based on
body measures, of copepod species considered as main for-
age items for fishes of the Argentine shelf. Oceanologica
Acta 14: 575-580.

Ferrer, L., 2001. Estudio de diversos metales pesados en sedi-
mentos del estuario de Bahia Blanca y sus efectos toxicos
sobre el cangrejo Chasmagnathus granulata. Tesis doctoral,
Universidad Nacinal del Sur, Bahia Blanca, Argentina.

Field, J. G., K. R. Clarke & R. M. Warwick, 1982. A practical
strategy for analysing multispecies distribution patterns.
Marine Ecology Progress Series 8: 38-52.

Freije, R. H., R. O. Asteasuain, A. S. De Schmidt & J. R.
Zavatti, 1981. Relacion de la salinidad y temperatura del
agua con las condiciones hidrometeorologicas en la porcion
interna del estuario de Bahia Blanca. Contribucion Cientifica
del Instituto Argentine de Oceanograffa (IADO) No. 57.

Gaughan, D. J. & 1. C. Potter, 1997. Analysis of diet and
feeding strategies within an assemblage of estuarine larval
fish and an objective assessment of dietary niche overlap.
Fishery Bulletin 95: 722-731.

Gillanders, B. M., 1995. Feeding ecology of the temperate
marine fish Achoero- dus viridis (Labridae): size, seasonal and
site-specific differences. Marine and Freshwater Research 46:
1009-1020.

Grecay, P. A. & T. E. Targett, 1996. Spatial patterns in con-
dition and feeding of juvenlie weakfish in Delaware Bay.
Transactions of the American Fisheries Society 125: 803—
808.

Grossman, G. D., 1980. Ecological aspects of ontogenetic shifts
in prey size utilisations in the bay goby (Pisces: Gobidae).
Oecologia 47: 233-238.

Hoffmeyer, M. S., 1983. Zooplancton del area interna de Bahia
Blanca (Buenos Aires-Argentina). I- Composicion fau-
nistica. Historia Natural 3: 73-94.

Hoffmeyer, M. S., 1994. Seasonal succession of Copepoda in
the Bahia Blanca estuary. Hydrobiologia 292/293: 303-308.

Hoffmeyer, M. S., 2004. Decadal change in zooplankton sea-
sonal succession in the Bahia Blanca estuary, Argentina,
following introduction of two zooplankton species. Journal
of Plankton Research 26: 181-189.

Hoffmeyer, M. S. & E. R. Torres, 2001. Morphometric vari-
ables and individual volume of Eurytemora americana and
Acartia tonsa females (Copepoda, Calanoida) from the Ba-
hia Blanca estuary, Argentina. Hydrobiologia 459: 73-82.



38

Jones, J. P., 1984. The influence of habitat and behavioural
interactions on the local distribution of the wrasse, Pseudo-
labrus celidotus . Environmental Biology of Fishes 10: 43-58.

Joseph, E. G., 1973. Analysis of a nursery ground. In Pacheco,
A. L. (ed.), Proceedings of a Workshop on Egg, Larval and
Juvenile Stages of Fish in Atlantic Coast Estuaries. NMFS,
Mid Atlantic Coast Fishery Center, Highland, N.J.: 118-121.

Kleanthidis, P. K. & A. 1. Sinis, 2001. Feeding habits of the
macedonian shad, Alosa macedonica (Vinciguerra, 1921) in
Lake Volvi (Greece): seasonal and ontogenetic changes. Is-
rael Journal of Zoology 47: 213-231.

Koen Alonso, M., E. A. Crespo, N. A. Garcia, S. N. Pedraza,
P. A. Mariotti, B. Beron Vera & N. J. Mora, 2001. Food
habits of Dipturus chilensis (Pisces: Rajidae) off Patagonia,
Argentina. Journal of Marine Science 58: 288-297.

Krebs, C. J., 1998. Ecological Methodology. Addison-Wesley
Educational Publishers, Inc. Menlo Park, California.

Lechowicz, M. J., 1982. The sampling characteristics of elec-
tivity indices. Oecologia 52: 22-30.

Lopez Cazorla, A., 1996. The food of Cynoscion striatus (Cu-
vier) (Pisces: Siaenidae) in the Bahia Blanca area, Argentina.
Fisheries Research 28: 371-379.

Lopez Cazorla, A., 1997. Analisis de la evolucion de las
capturas de pescadilla (Cynoscion striatus (Cuvier) (Pisces:
Sciaenidae)) durante el periodo 1991-1995. In Resusmenes
del Congreso Latinoamericano de Ciencias del Mar (VII
Colacmar). Sao Paulo, Brasil: 95-97.

Lukoschek, V. & M. 1. McCormick, 2001. Ontogeny of diet changes
in a tropical benthic carnivorous fish, Parupeneus barberinus
(Mullidae): relationship between foraging behaviour, habitat use,
jaw size, and prey selection. Marine Biology 138: 1099-1113.

Marshall, S. & M. Elliot, 1997. A comparison of univariate and
multivariate numerical and graphical techniques for deter-
mining inter-and intraspecific feeding relationships in estu-
arine fish. Journal of Fish Biology 51: 526-545.

May, R. C., 1974. Larval mortality in marine fishes and the
critical period concept. In Blaxter, J. H. S. (ed.), The Early
Life History of Fish. Springer Verlag, New York: 3-19.

McCormick, M. L, 1998. Ontogeny of diet shifts by a micro-
carnivorous fish, Cheilodactylus spectabilis: relationship be-
tween feeding mechanics, microhabitat selection and growth.
Marine Biology 132: 9-20.

Menezes, N. A. & J. L. Figueiredo, 1980. Manual de peixes
marinhos do Sudeste do Brasil. IV. Teleostei (3). Museu de
Zoologia da Universidade de Sao Paulo, Sao Paulo, Brasil.

Milton, D. A., S. J. M. Blaber & N. J. F. Rawlinson, 1994.
Diet, prey selection and their energetic relationship to
reproduction in the tropical herring Herklot-sichthys quadr-
imaculatus in kiribati, Central Pacific. Marine Ecology Pro-
gress Series 103: 239-250.

Nion, H., 1985. Evaluacion y perspectivas del complejo pes-
quero uruguayo. 2. Analisis de la investigacion biologica-
pesquera en el Uruguay. Serie Investigacions No. 22, CIE-
DUR.

Olivier, S., R. Bastida & M. R. Torti, 1968. Resultados de las
campafias oceanograficas Mar del Plata I-V. Boletin del
Institute de Biologia Marina 16: 1-85.

Peterson, C. C. & P. Mclntyre, 1998. Ontogenetic diet shifts in
Roeboides affinis with morphological comparisons. Envi-
ronmental Biology of Fishes 53: 105-110.

Piccolo, C. M. & G. M. Perillo, 1990. Physical characteristics of
the Bahfa Blanca estuary (Argentina). East Coastal Shelf
Science 31: 303-317.

Ruarte, C., C. Lasta & C. Carroza, 2000. Capitulo II: Recursos
a recuperar. In Bezzi, S., R. Akselman & E. E. Boschi (eds),
Sintesis del estado de las pes-quenias maritimas Argentinas y
de la Cuenca del Plata. Afios 1997-1998, con la actualizacion
de 1999. Contribucion del Institute Nacional de Investig-
acion y Desarrollo Pesquero No. 1129. Mar del Plata,
Argentina: 65-74.

Salojarvi, K., 1987. Why do vendace (Coregonus albula L.)
populations fluctuate? Aqua Fennica 17: 17-26.

Sheridan, P. F., 1979. Trophic resource utilization by three
species of sciaenid fishes in a Northwest Florida estuary.
Northeast Gulf Science 3: 1-15.

Stephens, D. W. & J. R. Krebs, 1986. Foraging Theory.
Princeton University Press, New Yersey.

Stergiou, K. I. & H. Fourtouni, 1991. Food habits, ontogenetic
diet shift and selectivity in Zeus faber Linnaeus, 1758.
Journal of Fish Biology 39: 589—-603.

Tyler, A. Y., 1971. Monthly changes in stomach contents of
demersal fishes in Passamaquoddy Bay. Journal of the
Fisheries Research Board of Canada 288: 1-114.

Vanderploeg, H. A. & D. Scavia, 1979a. Calculation and use of
selectivity coefficients of feeding: zooplankton grazing.
Ecological Modelling 7: 135-149.

Vanderploeg, H. A. & D. Scavia, 1979b. Two electivity indices
for feeding with special reference to zooplankton grazing.
Journal of the Fisheries Research Board of Canada 36: 362—
365.



