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The dusky dolphin Lagenorhynchus obscurus occurs in the Southern Hemisphere, where it is restricted to coastal
temperate areas. This study aimed to characterize the feeding ecology of dusky dolphins inhabiting northern
and central Patagonia by using 8'*C and 8N stable isotope ratios in skin samples. We searched for evidence
of geographical and seasonal variation in diet and we explored dietary differences between sexes. Significant
differences in the stable isotope ratios of dusky dolphins were found among the 4 gulfs under study. Skin samples
from Golfo San Matias and Golfo San Jorge were *C-enriched and N-depleted compared to those from Golfo
Nuevo and Golfo San José. There was no seasonality in the diet at Golfo Nuevo, and no differences in the diet
between sexes in any gulf. Furthermore, Bayesian ellipses of males and females were similar in size and the
overlap was mostly symmetrical in Golfo San José and Golfo San Jorge, while in the Golfo San Matias and Golfo
Nuevo, females had wider ranges of 8'°N, suggesting the exploitation of a wider trophic niche. Finally, pelagic
fishes and demersal pelagic squids were identified as the main prey for this species of dolphin, although the
proportion of each prey varied regionally.

El delfin oscuro Lagenorhynchus obscurus se distribuye ampliamente en el Hemisferio Sur, donde prefiere areas
templadas costeras. Este estudio tuvo como objetivo caracterizar la ecologia tréfica de delfines oscuros que
habitan en el norte y centro de la Patagonia mediante el uso de is6topos estables de 8'*C y 8'°N en muestras
de piel. Especificamente, buscamos evidencia de variacién geografica y estacional en la dieta de los delfines y
exploramos la diferencia de dieta entre sexos. Se encontraron diferencias significativas en los valores de is6topos
estables de los delfines entre los cuatro golfos bajo estudio. Las muestras de piel de Golfo San Matias y Golfo
San Jorge se encuentran enriquecidas en *C y deprimidas en '*N en comparacién con las muestras del Golfo
Nuevo y Golfo San José. No hubo estacionalidad en la dieta en el Golfo Nuevo, y no hay diferencias en la
dieta entre sexos en ningtn golfo. Ademads, las elipses bayesianas de machos y hembras fueron similares en
tamafio y la superposicion fue mayormente simétrica en el Golfo San José y el Golfo San Jorge, mientras que
en el Golfo San Matias y el Golfo Nuevo, las hembras tienen rangos mas amplios de 8'°N, lo que sugiere la
explotacién de un nicho tréfico mds amplio. Por dltimo, los peces peldgicos y los calamares demersales peldgicos
fueron identificados como la presa principal de esta especie de delfin, aunque la contribucién de cada presa varié
regionalmente.
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The dusky dolphin Lagenorhynchus obscurus occurs exclu- Garcia-Godos et al. 2007), New Zealand (Cipriano 1992;
sively in the Southern Hemisphere where its distribution is Benoit-Bird et al. 2004; Vaughn et al. 2007), South Africa
restricted to coastal temperate zones in cool mesopelagic waters (Sekiguchi et al. 1992; Best and Meyer 2010), and Antarctic
around 42°S latitude that are highly productive (Leatherwood and sub-Antarctic (Goodall and Galeazzi 1985) found that
and Reeves 1983). Studies from Argentina (Koen Alonso small schooling fishes (e.g., anchovies, pilchards, mackerels,
et al. 1998; Romero et al. 2012), Peru (McKinnon 1994; sculpins, myctophids) were dominant in the diet of L. obscurus,
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but that a large number of squid and demersal fish (e.g., hake,
hoki) also contributed to their diet. Over the wide extent of the
Patagonian Shelf, dusky dolphins forage almost exclusively on
neritic pelagic fish and squid, whereas on the narrower conti-
nental shelf off Peru, Chile, and New Zealand, they feed on
neritic prey and oceanic species that become available to them
at night (Benoit-Bird et al. 2004; Dans et al. 2010). Seasonal
changes in the feeding behavior of dusky dolphins have been
reported from northern Patagonia (Wiirsig and Wiirsig 1980;
Degrati et al. 2008), New Zealand (Benoit-Bird et al. 2004;
Vaughn et al. 2007), and South Africa (Best and Meyer 2010),
but there were no seasonal differences in prey use from Peru
(McKinnon 1994). Finally, no differences in diet between
males and females have been found (McKinnon 1994; Amir
et al. 2005; Nino-Torres et al. 2006).

In northern and central Patagonia, Argentine anchovy
(Engraulis anchoita), Argentine hake (Merluccius hubbsi), but-
terfish (Stromateus brasiliensis), and squids (Illex argentinus,
Loligo spp.) are the main prey, whereas few benthic prey are
taken (Koen Alonso et al. 1998; Romero et al. 2012). Habitat
selection models indicate that the highest encounter rate of
dusky dolphins occurs in areas with the highest densities of
anchovy (Garaffo et al. 2011). Dusky dolphins at Golfo San
José and Golfo Nuevo (northern Patagonia) usually feed in
herds mainly on small pelagic schooling fish but can change
their feeding strategy into single or small groups depending on
prey availability (Wiirsig and Wiirsig 1980; Degrati et al. 2008,
2012).

Ecological complexity of marine ecosystems can lead to a
dependence on local habitats and resulting a genetic differ-
entiation of top predator populations (Valenzuela et al. 2009;
Witteveen et al. 2009; Ohizumi and Miyazaki 2010; Ferndndez
et al. 2011). Hence, specialization on local resources by a con-
solidation of different foraging strategies among groups could
promote philopatry and progressively lead to genetic isolation
(Baker et al. 1990, 1993; Hoelzel et al. 1998; Natoli et al. 2004,
2005). In this sense, it has been suggested that the strong matri-
lineal structure and female philopatry of dusky dolphins inhab-
iting the Patagonian gulfs (Golfo San Matias, Golfo San José,
Golfo Nuevo and Golfo San Jorge) are influenced by special-
ization in the use of local resources (Loizaga de Castro 2013;
Loizaga de Castro et al. 2015).

The combination of traditional methods to determine diets
(i.e., stomach contents) with stable nitrogen and carbon isotope
analysis (8'°N, 8'3C) has improved the resolution of trophic
interactions (Post 2002). While the former technique provides
a precise taxonomic description of the prey consumed (Hobson
and Wassenaar 1999), the latter technique offers a long-term
integrated measure of all assimilated prey in the diet (Tieszen
et al. 1983; Michener and Schell 1994). Stable nitrogen and
carbon isotope ratios have proven to be particularly useful
in determining the trophic ecology of dolphins (Barros et al.
2010; Kiszka et al. 2010, 2014; Riccialdelli et al. 2010, 2012,
2013; Botta et al. 2011; Fernandez et al. 2011; Meissner et al.
2011; Bisi et al. 2013). In particular, 8'°N values can provide
data on trophic level (Post 2002), while &'*C values can reveal

information on feeding habitat (i.e., inshore/benthic versus off-
shore/pelagic habitat—France 1995; Rubenstein and Hobson
2004; Cardona et al. 2007). Finally, stable isotope analysis con-
tributes to ecological stock assessment and the identification
of critical areas for management purposes (Barros et al. 2010;
Fernandez et al. 2011; Gémez-Campos et al. 2011; Aurioles-
Gamboa et al. 2013; Bisi et al. 2013; Browning et al. 2014a).

This study uses stable isotope analysis of dusky dolphins
from northern and central Patagonia to test the hypothesis that
the specialization in trophic resources is an important factor
in determining the genetic structure of this population. We
expected to find evidence of geographical and seasonal varia-
tion in the diet, and also differences in diet between sexes
that can promote philopatry, and progressively lead to popu-
lation isolation. Consequently, results from this study would
increase the knowledge on dusky dolphin’s trophic ecology
along the Argentine coast and could contribute to the design of
conservation areas.

MATERIALS AND METHODS

Study area.—The study area is located on the Atlantic
coast of northern and central Patagonia including the follow-
ing gulfs: Golfo San Matias (San Matias; 40°45—42°14’S and
65°05"-63°48'W), Golfo San José (San José; 42°13—42°25’S
and 64°37-64°02"W), Golfo Nuevo (Golfo Nuevo; 42°29'—
42°56’S and 65°03'-64°0"W), and Golfo San Jorge (San Jorge;
44°-47°S and 65°31"-66°18"W; Fig. 1).

Sample collection.—Skin and blubber samples were col-
lected with a biopsy pole (Loizaga de Castro et al. 2013a) from
dusky dolphins in Golfo San Matias (n = 15), Golfo Nuevo
(n = 15), and Golfo San José (n = 15) during the 2008-2009
field season. In addition, skin samples were obtained from
15 dusky dolphins incidentally caught in mid-water trawlers
targeting Argentine red shrimp (Pleoticus muelleri) at Golfo
San Jorge during 1993-1994. All samples were stored in 20%
dimethylsulphoxide (DMSO) solution saturated with NaCl
(Amos and Hoelzel 1991).

Sex determination.—Dolphins from fisheries bycatch were
sexed through visual examination during necropsy, whereas
those dolphins whose gender was unknown (biopsy samples)
were sexed by amplifying portions of the genes ZFX and ZFY
as described in Bérubé and Palsbgll (1996).

Stable isotope analyses.—Biopsy samples were dried at
60°C for 4 days and then ground with a mortar and pestle. Each
sample was washed in successive rinses of deionized water
to remove DMSO (Marcoux et al. 2007; Lesage et al. 2010;
Foote et al. 2012). Lipid extraction was carried out with rinses
of a 2:1 mixture of chloroform and methanol every 24h over
5-9 days (Bligh and Dyer 1959). Samples were dried at 60°C
for 48 h prior to stable isotope analysis. Stable isotope analy-
sis was performed on the resultant skin samples with a con-
tinuous-flow isotope-ratio mass spectrometer at the Instituto
de Geocronologia y Geologia Isotépica (INGEIS-CONICET/
UBA). International isotope secondary standards provided by
the International Atomic Energy Agency (IAEA) were used to
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Fig. 1.—Map of northern and central Patagonia and its 4 gulfs: 1: Golfo San Matfas; 2: Golfo San José; 3: Golfo Nuevo; and 4: Golfo San Jorge.

calibrate estimates of nitrogen and carbon to 0.2%. Results are
expressed in  notation relative to PeeDee Belemnite and atmo-
spheric N, for 8"°C and "N, respectively, as:
OX = (Rmpie / Raniara = D>

where X is ®C or ®N and R is the isotope ratio *C/'?C or
SN/MN (Peterson and Fry 1987). The carbon to nitrogen ratio
(C:N) also was calculated to indicate whether lipid had been
removed effectively (Lesage et al. 2010).

Values for stable isotope ratios from the white dorsal mus-
cle of pelagic fish and mantle of cephalopods were taken from
the available literature (Drago et al. 2009a, 2009b; Silva et al.
2014); the prey species considered for this study were Argentine
anchovy (E. anchoita), Argentine hake (M. hubbsi), butterfish
(S. brasiliensis), South American long-fin squid (Loligo san-
paulensis), Patagonian squid (Loligo gahi), Argentine short-fin
squid (1. argentinus; Table 1).

Data analysis.—Data were tested for normality and
homoscedasticity with a Shapiro—Wilk test and Levene’s test.
Two-way analysis of variance (ANOVA) followed by a post
hoc Tukey test was used to assess the effect of sex and locality
(San Matias, San José, Golfo Nuevo, San Jorge) on stable iso-
tope ratios of dusky dolphins (8!*C; Suess-corrected 8'*C and

64° 63° 62° 61° 60°

0'°N). Additionally, a 1-way ANOVA was performed to inves-
tigate whether diet changed between the warm (n = 8) and cold
(n =6) seasons for the Golfo Nuevo group because the biopsy
samples were taken in both seasons only for this locality.

The stable carbon-13 isotope content in atmospheric CO,
has decreased 0.022 per mil/year since 1960, largely attrib-
uted to use of fossil fuels (Francey et al. 1999; Indermiihle
et al. 1999; Zenteno et al. 2015). Accordingly, a correction
for this Suess effect was applied to the stable isotope values
to eliminate variation in &'3C attributable to the change in
atmospheric CO,. The corrected 6"°C values were referenced
to 2009.

SIBER (Stable Isotope Bayesian Ellipses in R—Jackson
et al. 2011a) was used to calculate the standard ellipses cor-
rected for small samples (SEA ) and isotopic overlap between
sexes. The standard ellipse measures the breadth of the isoto-
pic niche at the population level. The corrected standard ellipse
area (SEA ) provides a suitable estimate for all sample sizes
(e.g., Jackson et al. 2011a, 2011b; Syviranta et al. 2013 cited
in Browning et al. 2014b) and should be used as a measure of
the mean core population isotopic niche. SEA  overlap between
males and females was estimated in the 4 gulfs. For all data
analyses, R-2.15.2 statistical software was used (Parnell et al.
2008, 2010; Parnell and Jackson 2013).
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Table 1.—Carbon (86'3C) and nitrogen (8'°N) stable isotope ratios (mean + SD), code of species, number of individuals analyzed (n), group
considered (group) of dusky dolphin (Lagenorhynchus obscurus) from northern and central Patagonia and its potential prey species.

Species Common name Tissue Code n Group 83C (%o0) Suess-corrected 8'°C (%0) 8N (%0)
Prey
Engraulis anchoita Argentine Muscle  Ea 5 Northern and central Patagonia —17.9+0.2 15.7+0.8
anchovy
Merluccius hubbsi Argentine hake Muscle  Mh 5 Northern and central Patagonia —16.8+0.2 16.6+0.4
(< 30cm)
Stromateus brasiliensis ~ Butterfish Muscle Sb 5 Northern and central Patagonia —18.1+0.6 15.6+0.4
Loligo sanpaulensis South American ~ Muscle Ls 5 Northern and central Patagonia —16.7+0.2 17.1+0.3
long-fin squid
Loligo gahi Patagonian squid Muscle Lg 5 Northern and central Patagonia —17.6+0.4 15.7+0.6
Illex argentinus Argentine short-  Muscle Ia 5 Northern and central Patagonia —17.0+0.6 13.7+0.7
fin squid
Predator
Lagenorhynchus Dusky dolphins Skin 15 Golfo San Matias -16.6+0.29 —-16.6+0.29 18.3x£0.37
obscurus
Lagenorhynchus Dusky dolphins Skin 15  Golfo San José -16.2+0.23 -16.2+0.41 18.8+0.30
obscurus
Lagenorhynchus Dusky dolphins Skin 15  Golfo Nuevo -15.7+0.22 -15.8+0.2 18.6+0.32
obscurus
Lagenorhynchus Dusky dolphins Skin 15  Golfo San Jorge -16.4+0.30 -16.8+0.3 17.8+0.44
obscurus
Mixing models were applied with SIAR (Stable Isotope =~ ANOVA; 6"°C: F| = 0472, P> 0.05; 0"N: F,, = 1.823, P

Analysis in R—Parnell et al. 2010) to estimate the proportional
contribution of potential prey taxa to diets of dusky dolphin
in each gulf. SIAR incorporates specific trophic enrichment
factors (TEFs) and the SD for each prey source (Bond and
Diamond 2011). TEFs and amount of change in isotope ratios
between diet and consumer tissue (Phillips and Gregg 2003)
were included in mixing models. Among marine mammal spe-
cies, enrichment factors are considered to be relatively con-
servative for the same tissue (Lesage et al. 2001; Kiszka et al.
2014). Therefore, TEFs should be carefully selected to obtain
robust results and make ecological inferences accurately. Given
that the diet of the dusky dolphin is comprised mainly by fatty
prey, such as anchovies, we used TEF from skin of bottlenose
dolphins, Tursiops truncatus, which is based on a lipid-enriched
diet. In this study, we used 8*C 2.04%o + 0.14 and 8N 2.96%¢
+ 0.12 (Browning et al. 2014b). Data are shown as mean + SD,
unless otherwise stated.

RESsuLTS

Stable isotope ratios of potential prey species of dusky dolphins
studied are shown in Table 1. Nitrogen and carbon isotope
ratios were normally distributed for all geographic locations
(8PN: W=0.9627, P =0.0675; 8'3C: W =0.9886, P = 0.8572)
and they also had similar variances (Levene’s test 8'°C = 0.88,
P =0.45 and Levene’s test 8°N = 1.52, P = 0.217).

Isotopic data for females and males also were nor-
mally distributed for 8N (W = 0.9886, P = 0.8572) and for
dB3C (W = 0.9886, P = 0.8572) and also had similar vari-
ance (Levene’s test 8N = 2.15, P = 0.14 and Levene’s test
dBC =2.0628, P =0.15).

No significant differences were found in the 8"*C and 6'>N
values between warm and cold seasons at Golfo Nuevo (1-way

> 0.05). High intfaspeciﬁc variability was observed for both
stable isotope ratios, indicating large individual variability
in habitat use by dolphins (Fig. 2). This result is not attribut-
able to differences in lipid content because the C:N ratio from
skin samples of dusky dolphins was < 4, indicating good lipid
removal efficiency (Kiszka et al. 2010). Significant differences
in nitrogen isotope ratios were found among Patagonian gulfs
(F3,51 = 14.8, P < 0.001; Table 1); all post hoc Tukey test were
significant (P < 0.001), except for San José versus Golfo Nuevo
(P = 0.583). The average 8'*C values also were significantly
different among the gulfs (F} ;, =25.6, P <0.001); all post hoc
Tukey test were significant (P < 0.001), except for San Matias
versus San Jorge (P = 0.463; Fig. 3). Average Suess-corrected
O13C values also were significantly different among the gulfs
(F,5, =379, P <0.001). Carbon-13 and Suess-corrected 13C
values showed that samples from Golfo San Matias and Golfo
San Jorge were more depleted in *C and SN with respect to
those from Golfo San José and Golfo Nuevo (Table 2).

No significant differences in the 6'3C and 8N values were
found between males and females in any gulf (2-way ANOVA;
OBC: F 5, =02, P> 0.05; Suess-corrected OBC: F=02P
>0.05; O"N: F, 4, =0.017,P>0.05); the sex X area interaction
was not significant for any stable isotope ratio (8"°C: F,, = 1.3,
P > 0.05; Suess-corrected 8C: Fi, =12, P> 0.05; ON:
F,;, =05, P> 0.05). The ellipses of males were smaller than
those of females in San Matias and Golfo Nuevo. The overlap
between ellipses reflects niche overlap. This overlap was highly
asymmetrical, higher for males than for females (Table 2).
However, male and female ellipses were similar in size and
overlap was mostly symmetrical in San José and San Jorge
(Fig. 4; Table 2). In San Matias and Golfo Nuevo, females had
wider ranges of 8°N (Table 2), suggesting that they consumed
prey at a higher trophic level than males. Conversely, females
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Fig. 2.—Nitrogen and carbon stable isotope values (8"°N and &'*C) of dusky dolphins and its potential prey species (mean + SD) among 4 gulfs
of Patagonia. Stable isotope ratios in dolphins have been corrected for diet-to-predator fractionation.

consumed mainly prey at lower trophic levels than males in
Golfo Nuevo.

Butterfish were identified as the main prey item in the
diet of dusky dolphins along the Patagonian coast (Fig. 5),
although their relative contribution to the diet varied among
gulfs. In Golfo San Matias, butterfish, Argentine anchovy, and
Argentine short-fin squid were the main prey items in the diet
with means of 29%, 23%, and 19%, respectively. In Golfo San
José, butterfish were the main prey item comprising a mean of
35% of the diet; Argentine anchovy and Patagonian squid also
were included in the diet comprising 18% and 28% of the diet,
respectively. In Golfo Nuevo, the Argentine anchovy and the
butterfish contributed equally to the diet, 29% and 28%, respec-
tively. The Patagonian squid represented a smaller portion of
the diet (23%). In Golfo San Jorge, the diet included Argentine
short-fin squid (32%), butterfish (29%), and Argentine anchovy
(19%; Fig. 5).

DiscussioN

Earlier studies on the diet of dusky dolphins in the Southwestern
Atlantic Ocean and waters off of Patagonia were based on anal-
yses of stomach contents (Koen Alonso et al. 1998; Romero
et al. 2012). Ours is unique in analyzing the foraging ecology
of dusky dolphins using stable isotopes and covering a large
geographic area. The present study and stomach content analy-
sis (Koen Alonso et al. 1998; Romero et al. 2012) agree that the
diet of dusky dolphins in the Southwestern Atlantic is primarily
comprised of pelagic items. In northern Patagonia, the Argentine
anchovy, the Argentine short-fin squid, and the South American
long-fin squid are the most abundant pelagic resources (Brunetti
et al. 1998; Barén and Ré 2002; Hansen et al. 2009). Hence, it
seems that dusky dolphins forage opportunistically on available
prey species, preferring pelagic fish with schooling behavior,
perhaps because they are the most energetically profitable prey

for a cooperative predator (Meynier et al. 2008). According
to analyses of stomach contents, Argentine anchovies prevail
in the dusky dolphin’s diet (Koen Alonso et al. 1998; Romero
et al. 2012), whereas butterfish dominate their diet according to
stable isotope analyses. However, both species of pelagic fishes
(e.g., anchovies, butterfish) have similar '*C and 8°N values,
which hinder the capacity of SIAR to discriminate between
them. Nevertheless, the model clearly demonstrates that other
pelagic species such as the South American long-fin squid and
the Argentine hake are not important items in the diet of dusky
dolphins.

SIAR revealed similar diets for dusky dolphins from Golfo San
Matfas and Golfo San Jorge, but the relative importance of the
Argentine short-fin squid differed. In the other hand, Patagonian
squid had a main role in the diet of dusky dolphins from the
smallest gulfs (Golfo San José and Golfo Nuevo). Information
on abundance of cephalopods is available from Golfo San
Matfas and Golfo San Jorge because of the fishery industry in
these gulfs, but information on abundance of cephalopods from
Golfo Nuevo and Golfo San José is lacking because fishing in
these gulfs is forbidden. Argentine short-fin squid is quite similar
in abundance and availability from 43°S to 51°S, correspond-
ing to the “summer spawning stock” (SDV, for its acronym in
Spanish) and the “south-Patagonian stock™ (SSP, for its acronym
in Spanish—Brunetti et al. 1998). The size of squids consumed
by dusky dolphins corresponds to the size of pelagic juveniles
which can be found at 50-100 m depths year-round because of
continuous spawning (Brunetti and Ivanovic 1992; Ivanovic and
Brunetti 1994; Crespi-Abril and Barén 2012). At Golfo San José
and Golfo Nuevo, butterfish and Argentine anchovy contribute
almost in equal proportion to the diet of dusky dolphin. In the
other hand, the Patagonian squid increased its contribution in
Golfo Nuevo than Golfo San Matias and San José.

The use of different foraging tactics, pointed out by the
consumption of both pelagic schooling fish and squids, has
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Fig. 3.—a) Suess-corrected carbon (8'*C %o) and b) mean nitrogen (8'°N %o) stable isotope ratios of dusky dolphins among 4 gulfs of Patagonia.
SM: Golfo San Matias; SJ: Golfo San José; GN: Golfo Nuevo; SJOR: Golfo San Jorge.

Table 2.—Carbon (6'3C) and nitrogen (8'°N) stable isotope ratios (mean =+ SD) of dusky dolphins (Lagenorhynchus obscurus) in 4 gulfs from
northern and central Patagonia. Overlap as a percentage of standard ellipses corrected for small samples (SEA ) for dusky dolphins, females and

males, in northern and central Patagonia, Argentina.

Females Males % Overlap
n 8"3C (%o0) SN (%o0) n 8"3C (%o0) 0N (%o0) Males Females
Golfo San Matias 8 —-16.6+0.307 18.3x0.391 7 —-16.6+0.303 18.4+0.309 59.89 29.86
Golfo San José 7 -16.1x0.199 18.9+0.306 8 -16.2+0.243 18.8+0.323 56.91 63.17
Golfo Nuevo 6 —-15.9+0.291 18.6+0.403 8 —-15.8+0.227 18.7+0.324 90.78 40.11
Golfo San Jorge 12 -16.5+0.303 17.9+0.471 3 -16.5+£0.313 17.9+0.201 67.78 74.45

been reported for other delphinids (Ballance et al. 2006;
Loizaga de Castro et al. 2013b) and seasonal changes in feed-
ing behavior and prey availability were described for dusky
dolphins at Golfo San José and Golfo Nuevo (Wiirsig and

Wiirsig 1980; Degrati et al. 2008, 2012). On the other hand,
we did not find any differences in 8'°N and &'3C values for
dusky dolphins in Golfo Nuevo between warm and cold sea-
sons. However, because this analysis was based on only 1
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d) Golfo San Jorge; F: female, gray ellipses and M: male, black ellipses.

gulf, a seasonal sample from all 4 gulfs should be undertaken
by future studies.

An important feature of stable isotope analysis is the use of
proper, species- and diet-specific TEFs for 8'N and 8"C; as
they are of great significance for using stable isotope mixing
models to predict the dietary sources of a consumer (Newsome
et al. 2010; Caut et al. 2011; Borrell et al. 2012; Kiszka et al.
2014). However, currently there are no TEFs for dusky dol-
phins; therefore, a literature search was conducted to find the
most appropriate TEF for this species. We used TEF for "N
and 0"*C from the skin of bottlenose dolphins based on a lipid-
enriched diet that consisted of 80% (by mass) Pacific saury and
20% Atlantic mackerel (Browning et al. 2014b). Because the
diet of dusky dolphin is composed mainly of prey of high nutri-
tional value, such as anchovy, these correction factors were
chosen as the most ones appropriate for this study.

The dusky dolphins included in the present study were sam-
pled in coastal areas, but this species occurs beyond the 200-mile
limit of the continental slope (Crespo et al. 1997). Myctophids
are the dominant schooling pelagic fish over the continental
slope (Sanchez and de Ciechomsky 1995), have a very high
energy density (Ichii et al. 2007), and have been reported in the
diet of the dusky dolphins in New Zealand and South Africa
(Cipriano 1992; Sekiguchi et al. 1992; Benoit-Bird et al. 2004;
Vaughn et al. 2007; Wiirsig et al. 2007; Best and Meyer 2010).
In the Southwestern Atlantic, myctophids are highly depleted
in 3C and PN (8"C = -21.9+0.7; 6N = 11.7+0.9—Ciancio
et al. 2008), so any contribution to the diet of the individuals
included in the present study is extremely unlikely. However,
1 dusky dolphin stranded in Playa Bonita (Chubut), and not

included here, had a totally different stable isotope ratio
(O8C = =17.6%0; 0'°N = 12.1%o0), indicative of off-shore forag-
ing on myctophids. Furthermore, for this particular individual
was reported the presence of cysts of Phyllobothrium delphini,
a typical helminth recorded in several off-shore pelagic and
deep feeder cetaceans (Loizaga de Castro et al. 2014), thus
suggesting the exploitation of more oceanic foraging grounds.
The main advantage of stable isotope analysis lies in the
long-period integration of the diet data (Tieszen et al. 1983;
Michener and Schell 1994). The skin tissue we used integrates
dietary inputs over 2-3 months (Tieszen et al. 1983; Hobson
et al. 1996; Kiszka et al. 2014), hence it can overcome any
biases from time to digestion (Hobson et al. 1996). As expected
in a dolphin species with no sexual dimorphism in body size
(Cipriano 1992; Van Waerebeek 1993; Best and Mejer 2010)
and that forages in mixed groups (Wiirsig and Wiirsig 1980),
no differences were found in the average stable isotope ratios of
males and females in any of the 4 gulfs. However, the Bayesian
ellipses of females were larger and encompassed those of males
in Golfo San Matias and Golfo Nuevo, which may reflect a
broader trophic diversity for females than for males. This is
not a consistent difference along the Southwestern Atlantic as
males and females of dusky dolphins at Golfo San José and
Golfo San Jorge have similar SEA  values and symmetric over-
lap. Consequently, the hypothesis that the genetic structure pro-
posed by Loizaga de Castro (2013) was mainly determined by
differences in feeding ecology should be rejected. It should also
be noted that the use of a tissue such as skin with a short time
integrating the diet may not detect such differences between
ecotypes. Further analysis combining stable isotopes with
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matrilineally inherited mtDNA will provide a mean to com-
pare simultaneously both the matrilineal relatedness and forag-
ing ecotype of large numbers of individuals. Potentially, if the
offspring remain faithful to maternally introduced regions of
fine-scale foraging habitat, this behavior might reinforce selec-
tion for natal site philopatry by adult females as reported for
southern right whales (Eubalaena australis—Valenzuela et al.
2009) and killer whales (Orcinus orca—Hoelzel et al. 2007).

The Patagonian Shelf is extensively used as foraging area for
several top predators like penguins, sea lions, dolphins, whales,
and elephant seals, which play key roles in the marine eco-
system (Falabella et al. 2009) and are indicators of important
coastal and pelagic marine areas. Dusky dolphins seems to for-
age on small pelagic prey, similar to South American fur seals
(Arctocephalus australis—Vales et al. 2015) and Magellanic
penguin (Spheniscus magellanicus—Forero et al. 2002, 2004;
Silva et al. 2014). Therefore, the knowledge of trophic ecology
for high trophic level predators along the Argentine coast is an
important component of a broader study supporting effective
conservation and management programs.
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