Mammalian Biology 81 (2016) 571-578

journal homepage: www.elsevier.com/locate/mambio

Contents lists available at ScienceDirect

Mammalian Biology

Original investigation

What are you eating? A stable isotope insight into the trophic ecology @CmsMaIk
of short-beaked common dolphins in the Southwestern Atlantic Ocean

Rocio Loizaga de Castro®*, Fabiana Saporiti”, Damidn G. Vales?, Néstor A. Garcia®,
Luis CardonaP®, Enrique A. Crespo?

3 Marine Mammal Lab, Centre for the Study of Marine Systems (CESIMAR-CENPAT-CONICET, National Research Council), Bvd. Brown 2915, CP U9120ACV

Puerto Madryn, Chubut, Argentina

b Department of Animal Biology and IRBio, Faculty of Biology, University of Barcelona, Diagonal 643, 08071 Barcelona, Spain

ARTICLE INFO

Article history:

Received 26 June 2015
Accepted 11 July 2016
Handled by Jennifer Burns
Available online 18 July 2016

Keywords:

Short-beaked common dolphins
Delphinus delphis

Stable isotopes

Trophic ecology

Argentina

ABSTRACT

As the feeding habits of marine mammals are particularly difficult to observe, stable isotope analysis
has become an essential tool to investigate several aspects of dolphin’s trophic ecology. Short-beaked
common dolphins (Delphinus delphis) occur off Argentina coastline from 36°S to 42°S, but nothing is
known about latitudinal changes in diet. A stable isotope analysis has been performed on three short-
beaked common dolphins groups: Buenos Aires group (n=20), Golfo San Matias inshore group (n=24),
and Golfo San Matias offshore group (n=16). Highly significant differences in average §'>Ngy, values
were found among the three groups of dolphins considered. Differences were also statistically significant
for the average 8'3Cg, and Suess corrected 8'3Cyy, values. Furthermore, no significant differences were
found in the §'3Cyy, values of the dolphins from the inshore group sampled during summer and winter
seasons at Golfo San Matias, although the §'>Ng, values changes seasonally, suggesting that probably
dolphins forage at a higher trophic level in summer. The SIAR model indicated that juvenile Argentine
hake (Merluccius hubbsi) had the highest mean feasible contribution to the diet of short-beaked common
dolphins inhabiting the continental shelf off Buenos Aires and northern Patagonia, whereas the Argentine
anchovy (Engraulis anchoita) did it for short-beaked common dolphins inhabiting the Golfo San Matias The
results obtained in this study increase the knowledge of trophic ecology for high trophic level predators
such as short-beaked common dolphins along the Argentina coast in support of effective conservation
and management programs.

© 2016 Deutsche Gesellschaft fiir Sdugetierkunde. Published by Elsevier GmbH. All rights reserved.

Introduction

The feeding habits of marine mammals are particularly difficult
to observe, and detailed data on long-term trends are rare in these

The exploitation of marine ecosystems is causing a rapid
decrease in the abundances of top predators around the world, and
as a result food webs are suffering great changes in their structure
and function (Pauly et al., 1998; Jackson and Sala, 2001; Myers and
Worm, 2003). Cetaceans, as top predators, have an essential role in
marine ecosystems (Bowen, 1997), and, as K strategists, they are
likely to experience the most severe impact from anthropogenic
stressors in the marine environment (Bowen, 1997; Bearzi et al.,
2003; MacLeod et al., 2005).

Through diet, marine mammals are linked with other compo-
nents of marine food webs and thus changes in diet are the first
symptom of changes in the structure of food webs.
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animals (Walker and Macko, 1999; Drago et al., 2009a). A conven-
tional tool to study the diet of marine mammals is the stomach
content analysis, but this usually only provides a snapshot of the
animals’ diet (Sekiguchi et al., 1992; Kaschner et al., 2006). Alter-
nately, stable isotope analysis on different body tissues represents a
new tool for studying changes in the diets of marine mammals, both
short and long term, due to the fact that tissues with different turn-
over rates integrate dietary information over multiple temporal
scales (Walker and Macko, 1999; Newsome et al., 2010). In particu-
lar nitrogen and carbon stable isotopes, §1°N and §!3C respectively,
have proven to be useful to explore several aspects of dolphin’s
trophic ecology (Kiszka et al., 2010, 2014; Riccialdelli et al., 2010,
2012,2013; Bottaetal.,2011; Meissneretal.,2011; Bisietal.,2013).
Finally, an isotopic approach may provide critical information to
assess stocks and identify critical areas for management purposes
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(Barros et al., 2010; Fernandez et al., 2011; Gémez-Campos et al.,
2011; Aurioles-Gamboa et al., 2013; Browning et al., 2014a).

Common dolphins in genus Delphinus are distributed world-
wide in temperate, subtropical, and tropical regions and show a
high degree of morphological variation (Heyning and Perrin, 1994;
Perrin, 2002; Jefferson et al., 2008, 2009). Common dolphins occur
along the Argentine coastline from 36°S to 42°S and two mor-
photypes have been identified on the basis of the rostral index:
short-beaked and long-beaked common dolphins (Tavares et al.,
2010). Morphological variation in the rostrum of common dolphins
may be related more to a local adaptation to prey capture and habi-
tat use rather than the differentiation along phylogenetic lineages
(Natoli et al., 2006; Pinela et al., 2011, 2015). Accordingly, only
different morphotypes of D. delphis would occurred off Argentina
(Natoli et al., 2006), a conclusion supported more recently by the
genetic evidence gathered by Cunha et al. (2015).

The short-beaked common dolphin is listed by the IUCN as
“Least Concern” (IUCN Red List Program, 2010) and is one of the
most abundant small cetaceans in the Southwestern Atlantic Ocean
(Crespo and Dans, 2008), also it is susceptible to incidental mortal-
ity in trawl and purse seine off Argentina (Corcuera et al., 1994;
Crespo et al., 2000). Many aspects of its ecology are still unknown
and there is a lack of biological information along its distribution
off Argentina, recent research has focused on the incidental catch
(Crespo et al., 2000), parasites (Beron-Vera et al., 2007) and just one
in diet (Romero et al., 2012).

The bulk of the diet of short-beaked common dolphins consists
of a combination of the locally most abundant species of small
pelagic schooling fish or cephalopods inhabiting the continen-
tal shelves worldwide (e.g., Young and Cockcroft, 1994; Meynier,
2004; Pusineri et al., 2007). However, the foraging ecology of short-
beaked common dolphins in the Southwestern Atlantic Ocean
has remained unstudied, but with one exception (Romero et al.,
2012).The authors showed that short-beaked common dolphins off
northern Patagonia feed primarily on Argentine anchovy, Engraulis
anchoita, and South American long-fin squid, Doryteuthis (Loligo)
sanpaulensis (Romero et al., 2012). Recently Saporiti et al. (in
press), reported a poleward increase in trophic overlap among air-
breathing marine predators along the Patagonian shelf, likely due
to a decrease in the diversity of prey species. If this was also true
for the short-beaked common dolphin, diet is expected to change
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with latitude. Therefore, the main objective of this study is look
for geographical and seasonal variation in diet. Consequently, the
information provided here will contribute to design conservation
areas and increase the knowledge on short-beaked common dol-
phins’ ecology along the Argentine coast.

Material and methods
Study area

The study area includes the entire distribution of short-beaked
common dolphins in Southwestern South Atlantic Ocean, from
Buenos Aires coast (38° 40'S) to Golfo San Matias (40°45’S). Based
on the availability of different trophic resources throughout the
whole region (e.g. prey species composition and relative abundance
prey), three subareas were recognized: Buenos Aires group (BA),
Golfo San Matias offshore group (SMo) and Golfo San Matias inshore
group (SMi) (Fig. 1).

The Buenos Aires coast and waters off Golfo San Matias are char-
acterized by an estuarine temperate zone where several marine
fronts occur and promote high biological production (Acha et al.,
2004). Typical small and medium pelagic fish species from this
region are the Argentine anchovy, the Argentine hake Merluc-
cius hubbsi, the rough scad Trachurus lathami, the silver warehou
Seriolella porosa and the silverside Odontesthes smitti; whereas
the demersal fish community is dominated by sciaenids, like the
white croaker Micropogonias furnieri, and the striped weakfish
Cynoscion guatucupa among others species (Balech and Ehrlich
2008; Cousseau and Perrota, 2013).The cephalopods assemblage is
characterized by the South American long-fin squid and the Argen-
tine short-fin squid Illex argentinus (Brunetti et al., 1999).

Golfo San Matias (GSM) is the most extensive of the northern
Patagonian gulfs and belongs to the tidal Patagonian zone (Acha
etal.,2004). The number of fish species and its relative abundance is
lower thanin the adjoining continental shelf (Cousseau and Perrota,
2013). The pelagic community of Golfo San Matias is dominated
by the Argentine hake, the Argentine anchovy, the butterfish Stro-
mateus brasiliensis, the silver warehou, and the hoki Macruronus
magellanicus (Brunetti et al., 1998). Among cephalopods the com-
munity is characterized by the South American long-fin squid, the
Argentine short-fin squid, and the Patagonian squid Doryteuthis
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Fig. 1. Study area, three sampling sites for short-beaked common dolphins, Delphinus delphis.
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(Loligo) gahi, although the abundance of the latter increases with
latitude (Brunetti et al., 1998; Barén, 2001).

Sample collection

Short-beaked common dolphins’ biopsy samples (skin and blub-
ber) were collected during 2009-2010 field seasons in coastal
waters off Necochea and Mar del Plata cities (off Buenos Aires coast,
hereafter BA; n=20) and in Golfo San Matias waters (hereafter SMi;
n=24). Biopsy sampling was performed with a biopsy pole system
as described by Loizaga de Castro et al. (2013). On the other hand,
short-beaked common dolphins’ skin samples from waters off Golfo
San Matias, between 40°30'-41°30'S and 61°00'-61°40'W, came
from individuals accidentally caught by mid-water trawlers target-
ing Argentine anchovy in January 1999 (hereafter SMo; n=16). All
samples were stored in 20% dimethylsulphoxide (DMSO) solution
saturated with NaCl (Amos and Hoelzel, 1991).

Prey of short-beaked common dolphins previously identified by
stomach analysis (Romero et al., 2012) were collected to determine
their isotopic ratios. Prey samples from the temperate estuarine
zone (Buenos Aires and Golfo San Matias offshore) were obtained
from fishermen at Mar del Plata (38°08'S, 57°32’W) and Puerto
Quequén, Necochea (38°35’S, 58°42’W), and also taken from the
literature (Drago et al., 2009a,b; Silva et al., 2014); whereas sam-
ples from Golfo San Matias inshore waters were obtained from
fishermen at San Antonio Oeste City.

Stable isotope analyses

For each dolphin biopsy sample, blubber was removed with a
scalpel blade and only skin was processed for isotopic analysis. Skin
samples, white dorsal muscle of fish and mantle of cephalopod were
dried at 60 °C for 5-9 days and then ground up with mortar and pes-
tle. Each skin sample was washed in successive rinses of deionised
water to remove DMSO effects as suggested in previous studies
on marine mammals (e.g., Marcoux et al., 2007; Lesage et al., 2010;
Footeetal.,2012). Lipid extraction was carried out to all the samples
with several rinses of a 2:1 mixture of chloroform and methanol
every 24 h during 4 days. Finally, samples were dried at 60 °C for
48 h and were ready for isotopic analysis. Skin samples, white
dorsal muscle of fish and mantle of cephalopod were analysed
at the Instituto de Geocronologia y Geologia Isotépica (INGEIS-
CONICET/UBA), where international isotope secondary standards
given by the International Atomic Energy Agency (IAEA) were used
for calibration at a precision of 0.2%. for both nitrogen and carbon.
Results are expressed in § notation relative to PeeDee Belemnite
and atmospheric N, for §13Cand §1°N, respectively, according to the
equation: 8X = [(Rsample/Rstandara) — 1] where Xis 13Cor >N and R is
the isotope ratio 13C/12C or 1>N/1#N (Bond and Hobson, 2012). Car-
bon to nitrogen percent ratio (C:N) was also calculated to indicate
good lipid removal efficiency (Lesage et al., 2010).

13C content in atmospheric CO, has decreased 0.022 per
mil/year since 1960, due largely to fossil fuel burning (Francey et al.,
1999; Indermiihle et al., 1999), thus Suess effect correction was
estimated in order to eliminate this factor as a possible cause of
variation in 813C isotope values; all the corrected §13C values were
referenced to 2010, last year of biopsy sampling (Loizaga de Castro
et al, 2015; Zenteno et al., 2015).

Data analysis

Data were tested for normality and homoscedasticity with a
Shapiro Wilks test and Levene test respectively. One-way ANOVA
followed by a post hoc Tukey test was used to assess the effect
of locality (BA, SMi, SMo) on short-beaked common dolphins’ skin
stable isotope ratios (§13Cand §'°N). Additionally, one-way ANOVA
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Fig. 2. Mean nitrogen and carbon stable isotope ratios (§'"°N and §'3C) of short-
beaked common dolphins among the three groups considered. BA: Buenos Aires
inshore; SMo: Golfo San Matias offshore, SMi: Golfo San Matias inshore. Letters
indicate post hoc Tukey highly significance differences p<0.01.

was performed to investigate potential seasonal changes in diet for
Golfo San Matias inshore group, considering samples collected in
summer (n=14) and winter (n=10).

Finally, mixing models were applied with the package SIAR
(Stable Isotope Analysis in R; Parnell et al.,, 2010) to estimate
the proportional contribution of potential prey taxa to the short-
beaked common dolphin’s diet in each locality. SIAR allows to
incorporate specific trophic enrichment factors (TEFs), i.e. the dif-
ference in isotope ratios between diet and consumer tissue (Phillips
and Gregg, 2003), and also the standard deviation for each prey
source (Bond and Diamond, 2011). Among marine mammal species,
enrichment factors are considered to be relatively conservative for
the same tissue (Lesage et al., 2001; Kiszka et al., 2014). Trophic
enrichment factor has to be carefully selected to obtain robust
results and make ecological inferences accurately. Given that the
short-beaked common dolphin’s diet is expected to be composed
mainly by fatty prey, such as anchovies; in this study, we used a
TEF from skin of bottlenose dolphins based on a lipid enriched diet.
In this study we used §13C 2.04%.+0.14 and 81°N 2.96%.+0.12
(Browning et al., 2014b). Isotopic data are shown as mean =+ sd,
unless otherwise stated.

Results

Isotopic data for §1°N were normally distributed for all geo-
graphic locations; (Wga =0.9186, P=0.09308; Wspoffshore = 0.8869,
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Carbon (§'3C) and nitrogen (8'°N) stable isotope ratios (mean + SD), code of species, tissue, number of individuals analysed (n), group considered (group) of short-beaked
common dolphins (Delphinus delphis) along its Argentine distribution and its potential prey species.

Species
Prey Common name Tissue n Group S§13C(%0) STIN(%o) C/N
Engraulis anchoita Argentine anchovy Muscle 5  Buenos Aires/Golfo San Matias offshore  —18.24+0.3? 15.5+0.5°
Merluccius hubbsi (<30cm)  Argentine hake Muscle 5 Buenos Aires/Golfo San Matias offshore  —18.44+0.08° 17.3+£0.5%
Cynoscion guatucupa Stripped weakfish Muscle 5  Buenos Aires/Golfo San Matias offshore ~ —17.24+0.27 17.6+£0.2°
Raneya brasiliensis Banded cuskeel Muscle 5  Buenos Aires/Golfo San Matias offshore  —16.2+0.4% 17.3+0.5°
Stromateus brasiliensis Butterfish Muscle 5 Buenos Aires/Golfo San Matias offshore  —16.940.6% 17.3+0.42
Loligo sanpaulensis South American long-fin squid  Mantle 5  Buenos Aires/Golfo San Matias offshore ~ —16.74+0.27 18.6+£0.2°
Illex argentinus Argentine shortfin squid Mantle 5  Buenos Aires/Golfo San Matias offshore  —17.5+0.4% 14.7 £0.5°
Engraulis anchoita Argentine anchovy Muscle 5  Golfo San Matias inshore -17.9+0.2° 15.7+0.7°
Merluccius hubbsi (<30cm)  Argentine hake Muscle 5 Golfo San Matias inshore -17.7+£0.5% 17.6+0.22
Cynoscion guatucupa Stripped weakfish Muscle 5  Golfo San Matias inshore -17.24+0.27 17.6+£0.2°
Raneya brasiliensis Banded cuskeel Muscle 5  Golfo San Matias inshore -17.1+04° 16+0.4°
Stromateus brasiliensis Butterfish Muscle 5  Golfo San Matias inshore -16.9+0.6° 16.0+0.4°
Loligo sanpaulensis South American long-fin squid  Mantle 5 Golfo San Matias inshore -16.7+£0.22 18.6+0.22
Loligo gahi Patagonian squid Mantle 5  Golfo San Matias inshore -17.6+04° 15.7+0.5°
Illex argentinus Argentine shortfin squid Mantle 5 Golfo San Matias inshore -17+£0.6° 13.7+0.8%
Seriorella porosa Silver warehou Muscle 6  Golfo San Matias inshore -17.4+0.5° 19.31+0.5"
Engraulis anchoita Argentine anchovy Muscle 5  Golfo San Matias inshore -17.5+0.4" 17+0.3P
Stromateus brasiliensis Butterfish Muscle 5  Golfo San Matias inshore -17.3+0.5° 17.6+1.1°
Merluccius hubbsi (<30cm)  Argentine hake Muscle 5 Golfo San Matias inshore -16.6+0.1° 19.28 +0.7°
Loligo spp Mantle 5  Golfo San Matias inshore -16+0.3" 17.62+0.3"
Illex argentinus Argentine shortfin squid Mantle 5  Golfo San Matias inshore —15.8+0.3" 18.32+0.6"
Predator
Delphinus delphis Common dolphins Skin 20  Buenos Aires -16.3+£0.3" 17.6+0.4" 3.64+0.07°
Delphinus delphis Common dolphins Skin 18  Golfo San Matias offshore —16.5+0.5" 18.14+0.5" 3.84+0.2°
Delphinus delphis Common dolphins Skin 24 Golfo San Matias inshore -16.24+0.3" 19+0.5° 3.6+0.1°

2 Drago et al. (2009a,b); Silva et al. (2014).
b present study.

P=0.0510; Wspinshore =0.9641, P=0.5265). Also Suess corrected
813C was normally distributed for SM offshore and inshore
(Wsmoffshore =0.9275, P=0.2226; Wspminshore = 0.939, P=0.1551),
however data were not normally distributed for Buenos Aires
(Wga =0.8592, P=0.007) nonetheless ANOVA is robust to non-
normality. Also isotopic data had similar variance (Levene-test. F
s15N =0.7476, P=0.4781, Fs13csuesscorrected = 2.2501, P=0.1147).

Highly significant differences in short-beaked common dolphins
average 815N values were found among the three groups considered
(F2,57=52.18, P<0.001) and all the post hoc Tukey test were highly
significant (P<0.001). The average Suess corrected §13C values
were also significantly different among the regions (F, 57 =3.227,
P<0.05), but the post hoc Tukey test was significant only between
the inshore and off shore groups from Golfo San Matias (P<0.05)
(Fig. 2 and Table 1).

Stable isotope ratios of potential prey species of short-beaked
common dolphins studied are shown in Table 1. The distribution
of 85N and §!3C values for common dolphins along the Argentine
coast is given in Fig. 3. High intraspecific variability was observed
for both stable isotope ratios, indicating large individual variation
in dolphins’ habitat use patterns and clearly showed differences
among dolphins feeding along the continental shelf and inside the
gulf (Fig. 3a and b). This is not because differences in lipid con-
tents, as the carbon to nitrogen ratio (C:N) from short-beaked
common dolphins skin samples were lower than 4, indicating
good lipid removal efficiency (Table 1, Kiszka et al., 2010). Short-
beaked common dolphins from Golfo San Matias inshore group
seems to prefer more prey from continental shelf rather than
prey from inside the gulf (Fig. 3a and b). No significant differ-
ences were found in §13C values between summer and winter
seasons at Golfo San Matias inshore group (One-way ANOVA; §13C:
F122=0.152, P>0.05); however significant differences were found
in 815N (Fj 32 =7.188, P<0.05), indicating that in summer short-
beaked common dolphins seems to forage at a higher trophic level
than in winter (Fig. 4).

Finally, estimates of potential dietary contributions identified
Argentine hake (<30cm) and Argentine anchovy as the main
prey for short-beaked common dolphins along its distribution
off Argentina, although their feasible relative contribution varied
regionally. In Buenos Aires, the Argentine hake represented the
bulk of the diet, and contributed with 79% and a very minor contri-
bution of the Argentine anchovy 7.2% and the Argentine short-fin
squid 8.9%. In Golfo San Matias offshore, Argentine hake also seems
to dominate the diet 56%, but the contribution of the Argentine
anchovy 22% and the Argentine shortfin squid 11% increased. In
Golfo San Matias inshore group, the Argentine anchovy and the
Argentine hake contributed to common dolphins’ diet with 38% and
19% respectively and the Patagonian squid was also an important
prey contributing 15.0% to diet (Fig. 5).

Discussion

In the present study, we reported stable isotope data from short-
beaked common dolphin skin samples, describing the habitat use
and trophic ecology along the Argentine continental shelf. Variation
on stable isotopes of carbon and nitrogen reflect variation associ-
ated with habitat use, suggesting considerable differences between
individuals and among groups along the coast in the exploitation
of food resources and, most likely, their habitat. Stable isotopes
showed a more complex diet for short-beaked common dolphins
than diet reflected by the stomachs content studies.

In marine mammals, the use of naturally occurring stable iso-
topes of carbon and nitrogen has provided complementary data
to their feeding ecology and habitat use (Hobson and Wassenaar,
1999). There exist two methods for analyzing prey to gain insight
into predator trophic ecology: analyzing stable isotopes of the
entire fish, or only analyzing muscle tissue from the fish. Dol-
phins swallow they whole prey, so analyzing the entire potential
prey may seem the best approach at a first glance. On the other
hand, processing small samples of muscle is more practical, par-
ticularly when dealing with bulky prey. Experimental evidence
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Fig. 3. Nitrogen and carbon stable isotope ratios (§'°N and §'3C) of short-beaked common dolphins (individual values) and their potential prey after correcting for the trophic
discrimination factor (mean+ SD for each species); a) Golfo San Matias inshore group, b) Golfo San Matias offshore group and potential prey species sampled in Golfo San
Matias c) cross: Buenos Aires group; circles: Golfo San Matias offshore group.

demonstrates that diet-to-tissue discrimination values did not dif-

fer for fish muscle and the whole fish, as

far as lipids had been

previously removed (Giménez et al., 2016), and hence analyzing
muscle is not introducing any relevant bias. An important feature
of stable isotope analysis is the use of appropriate, species- and
diet-specific TEFs for 1°N and 813C; as they are key to predict the
dietary sources of a consumer using the mixing models (Newsome
et al.,, 2010; Kiszka et al., 2014). Nevertheless, currently there are
no TEFs for short-beaked common dolphins; therefore, a literature
search was conducted to find the most proper TEF. We used TEF
for 81°N and 8'3C from the skin of bottlenose dolphins based on
a lipid enriched diet (Browning et al., 2014b). Because the diet of
short-beaked common dolphins is composed mainly of prey of high
nutritional value, these correction factors were chosen as the most

accurate for this study.

Differences were found in §1°N among short-beaked common
dolphins groups considered, nonetheless the Buenos Aires group
and Golfo San Matias offshore group showed similar values indicat-
ing a similar trophiclevel in contrast to the Golfo San Matias inshore
group, that showed higher values of nitrogen isotopes ratios indi-
cating that dolphins inside the gulf are probably feeding at higher
trophic level in the trophic network. Also differences in §13C among
short-beaked common dolphins groups considered in this study
could indicate the presence of offshore and inshore ecotypes along

the Argentine Sea. Beak morphology has bee
ferences along an offshore-inshore gradient

nrelated to dietary dif-
in other populations of

common dolphins (Pinela et al., 2011), but only short-beaked com-
mon dolphins existin Argentina (Cunhaetal.,2015) so other factors

need to be considered.

In any case, stable isotope analysis of skin samples (this study)
and stomach contents analysis (Romero et al., 2012) agree in that
Delphinus delphis off the Argentine coast rely primarily on pelagic
schooling fish and squids, but species composition vary locally.
According to stomach contents analysis, the diet of short-beaked
common dolphins inhabiting Golfo San Matias was dominated by
one prey species, the Argentine anchovy, which made up over 80%
of their prey intake by number (Romero et al., 2012). SIAR also
agreed in identifying the Argentine anchovy as the main prey of
short-beaked common dolphins from inshore areas of Golfo San
Matias, but revealed that juvenile Argentine hakes dominated diet
in off-shore locations. This pattern is consistent with previous
reports indicating that the Argentine hake represents the bulk of
diet of most air-breathing predators in northern Patagonia, but not
off Buenos Aires, where a higher diversity of small pelagic fishes

and squids exist (Saporiti et al., in press).

The Argentine anchovy, the Argentine hake, the Argentine short-
fin squid, and the South American long-fin squid are the most
abundant small pelagic species of the Argentine Sea (Brunetti et al.,
1998; Barén and Ré, 2002; Hansen et al., 2009). Hence, it seems that
short-beaked common dolphins forage opportunistically on avail-
able prey species, but selectively prey on small schooling species.
Feeding on schooling species is probably the most energetically
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Fig. 4. Mean nitrogen and carbon stable isotope ratios (§'°N and §'3C) of short-
beaked common dolphins at Golfo San Matias inshore group during summer and
winter seasons. Letters indicate post hoc Tukey highly significance differences
p<0.01.

profitable foraging tactic for a cooperative predator (Meynier et al.,
2008a). It is important to highlight that at every single locality,
the diet of short-beaked common dolphins is dominated by only
one or two pelagic species, although species richness in the envi-
ronment may be higher; this adaptation to feeding on the locally
most abundant prey is a common feature of the feeding strategy
of common dolphins worldwide (Pusineri et al., 2007). Young and
Cockcroft (1994) proposed that common dolphins off South Africa
consume the most abundant, easily catchable prey, and that their
diet may be a reliable and accurate proxy of the abundance and
distribution of local, neritic resources. In the offshore North Pacific,
the prey composition of common dolphins consisting mainly of
highly abundant myctophids, may reflect the features of the sub-
arctic front (Ohizumi et al., 1998). Meynier et al. (2008a) identified
only three dominant species in the diet of the common dolphins
off New Zealand, despite the overall diet appearing quite diverse.
Peruvian long-beaked common dolphins seem to depend on pelagic
and mesopelagic prey, mainly large schooling fish species (Garcia-
Godos et al.,2007). In the eastern North Atlantic, common dolphins
forage both in oceanic and neritic habitats, preying on small school-
ing species available in the epipelagic layer (Pusineri et al., 2007).
Long-term comparisons between fluctuations in local fish stocks
and the prey consumed by dolphins helps to determining how
the diet of the common dolphins reflects prey species abundance
(Meynier et al., 2008b).

Dependence on juvenile hake of short-beaked common dolphins
inhabiting the continental shelf is a matter of concern, partic-
ularly off Buenos Aires. The Argentine hake is the main fishery
resource in the region (Aubone et al., 2000) and inhabits the waters
of the Southwestern Atlantic Ocean between 22° and 55°S, at
depths ranging from 50 to 500 m (Cousseau and Perrota, 2013).
Two fishing stocks exist, north and south to 41°S parallel. During
the late 1990s, the spawning biomass and the recruitment indices
of both stocks declined drastically because of increased exploitation
(Aubone et al., 2000; Renzi and Irusta, 2006). Decline was par-
ticularly serious for the northern stock, inhabiting waters of the
Argentine-Uruguayan Common Fishing Zone (Aubone et al., 2000;
Renzi and Irusta, 2006). Currently, this stock is supported by just
a few age classes and the 2-year age class represented the bulk of
the commercial landings during the period 1986-2005 (Renzi and
[rusta, 2006; Rodriguez and Macchi, 2010). This scenario clearly
indicates a negative population trend, which could lead to the dis-
appearance of larger groups and in fact may have consequences
on the reproductive potential of the northern hake stock (Aubone
et al., 2000). Bearzi et al. (2003) reported similar changes in the
abundance and distribution of the prey species of the short-beaked
common dolphin in the western Mediterranean Sea as the most
likely cause of the decline in the abundance of this species in that
region. In view of the resulting possible indirect and/or direct com-
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Fig. 5. Feasible composition of the diet of short-beaked common dolphins in three
groups under study according to SIAR; a) Buenos Aires; b) Golfo San Matias off-
shore; c) Golfo San Matias inshore. Median 50%, 75% and 95% credibility intervals
(respectively dark grey, light grey and white boxes) (Ea: Engraulis ancohita; Cg:
Cynoscion guatucupa; Mh: Merluccius hubbsi; Rb: Raneya brasiliensis; Sb: Stromateus
brasiliensis; Ls: Loligo sanpaulensis; Lg: Loligo gahi; 1a: Illex argentinus).

petition between dolphins and fisheries in northern Argentina, the
biology of both predator and prey, need to be carefully studied.
Therefore the knowledge of feeding ecology for high trophic
level predators such as short-beaked common dolphins along the
Argentine coast is an important component of a broader study in
support of effective conservation and management programs.
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