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ABSTRACT: We used stable carbon (δ13C) and nitrogen (δ15N) isotope analysis to investigate the
trophic ecology of 8 small cetacean species of the southwestern South Atlantic Ocean: 6 delphinids
(Grampus griseus, Lagenorhynchus cruciger, L. australis, Lissodelphis peronii, Pseudorca crassidens,
and Cephalorhynchus commersonii ) and 2 phocoenids (Phocoena dioptrica and P. spinipinnis). We
also analyzed samples of possible prey collected from oceanic and coastal habitats adjacent to Tierra
del Fuego. Cetacean bone-collagen δ13C and δ15N data revealed information on both habitat and prey
preferences. We observed an isotopic continuum in which coastal species had the highest values of
δ13C and δ15N (L. australis), while oceanic and southern species had the lowest values (L. cruciger
and P. dioptrica), indicative of offshore foraging in cold oceanic waters near the Antarctic Convergence. Overlap in mean isotope values between C. commersonii and P. spinipinnis suggests that
these species may have similar habitat and/or prey preferences. Isotope results for L. peronii, P. crassidens, and G. griseus suggest that at these latitudes (~54° S) they forage on the outer continental
shelf. G. griseus show bimodal isotopic patterns, suggesting that 2 ecotypes that forage in different
habitats and/or consume different prey items occur in this region of the southwestern Atlantic Ocean.
The isotopic data presented here provide insight into the ecology of these cetaceans, with relevant
implications for their successful management and conservation.
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INTRODUCTION
Management decisions ideally should be guided by
accurate ecological information regarding the structure
and function of ecosystems. For open-ocean marine
ecosystems, this includes an understanding of the role of
elusive and highly mobile top predators, which are difficult to study in their natural habitats. Information on prey
preferences of top marine predators is also important for
understanding the potential of direct (e.g. bycatch mor-

tality) and/or indirect (e.g. exploitation competition) interactions with fisheries (Reeves et al. 2003). Despite the
need for this type of ecological information for successful
conservation and management programs, cetaceans
have not been intensively studied in the southwestern
Atlantic Ocean. This is in part because it is difficult to
collect this type of ecological data for small cetaceans, especially species that occur offshore of Tierra del Fuego,
given its extreme meteorological conditions and extensive coastline with limited access.
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At present, foraging data for small cetaceans of the
southwestern South Atlantic is based mainly on the
analysis of stomach contents from stranded or incidentally captured animals (Goodall & Galeazzi 1985,
Goodall & Schiavini 1995). These studies provide crucial data on general foraging preferences, but they
produce only a snapshot of prey preferences and the
trophic niche of each species. While some studies
based on data from several animals provide somewhat
complete information (Bastida et al. 1988, Schiavini et
al. 1997, Koen Alonso et al. 1999), other studies are
based on data from only a few individuals that stranded far from their normal distribution (Fernández et al.
2003), which may not represent an accurate characterization of the foraging habits of the species. Few studies were conducted by direct observation of live animals from ship or shore (Viddi & Lescrauwaet 2005).
Furthermore, there are numerous difficulties in
describing marine mammal diet via stomach content or
scat analysis (Pierce et al. 2004, Sheppard & Harwood
2005). Specifically, variation in digestion rates and the
identifiability of prey remains can create biased estimates of diet composition (Sheffield et al. 2001, Staniland 2002, Sheffield & Grebmeier 2009). Moreover, gut
contents can vary considerably among individuals
since it is a reflection of what the animal ate recently
(within 24 to 72 h). The analysis of stomach contents of
stranded animals can create an additional problem
because such samples likely include sick individuals in
poor nutritional status that may not have fed in the
days prior to death (Pierce et al. 2004).
Stable-isotope analyses are complementary with traditional methods of diet analysis in marine mammals,
allowing for an independent measure of prey and
habitat preferences (Best & Schell 1996, Aurioles et al.
2006, Newsome et al. 2010). Stable-isotope analysis
offers some advantages over traditional methods of
diet analysis by providing a time-integrated assessment of ecological information (Michener & Kaufman
2007). This approach is based on a predictable relationship between the stable-isotope composition of a
consumer and its food, often referred to as trophic discrimination. In general, carbon (δ13C) and nitrogen
(δ15N) isotope values increase by ~1 to 2 ‰ and ~3 to
5 ‰ respectively with each increase in trophic level in
a food web (DeNiro & Epstein 1978, 1981, Schoeninger
& DeNiro 1984). Since different tissues have different
isotopic turnover rates, trophic information can be
evaluated over different temporal scales via analysis of
multiple tissue types, such as skin, muscle, bone, teeth,
hair, blood, or liver, that are collected from live or dead
animals, and even fossils (Koch 2007).
Isotope values of primary producers in the ocean also
vary spatially and temporally as a function of physical
and oceanographic conditions. Previous work in north-

ern and central Patagonian waters and the southern
South Atlantic near Antarctica show significant variations in both δ13C and δ15N values among food webs
(Forero et al. 2004, Lewis et al. 2006, Ciancio et al.
2008, Drago et al. 2009), which mirror the patterns
reported by Rau et al. (1982) and Goericke & Fry
(1994). A negative latitudinal decline has been documented in δ13C values for marine phytoplankton,
which creates large-scale gradients in carbon isotope
values at the base of the food web along the Atlantic
and Pacific Oceans from temperate waters toward the
Antarctic and Arctic zones (Rau et al. 1982, Goericke &
Fry 1994). The δ13C value of phytoplankton also
changes along a coastal-to-offshore gradient, with
nearshore waters characterized by higher δ13C values
than offshore habitats (Michener & Kaufman 2007).
Spatial patterns in δ15N values among marine ecosystems are more complex, but latitudinal and longitudinal variations have been reported in the North Pacific
Ocean and the Bering, Beaufort, and Chukchi seas
(Schell et al. 1998, Burton & Koch 1999, Michener &
Kaufman 2007). In general, variation in δ13C and δ15N
values at the base of the food web is imprinted on the
entire food chain, and has been used extensively in
marine mammal ecology to assess movement patterns
and habitat use (Schell et al. 1989, Best & Schell 1996,
Burton & Koch 1999, Newsome et al. 2010).
Comparison of δ15N values among individuals or
species are primarily used to evaluate trophic level,
while δ13C values are useful indicators of habitat use
(Post 2002, Hobson et al. 2004, Newsome et al. 2007).
Stable-isotope analysis is an increasingly common tool
in the study of marine-mammal ecology (Newsome et
al. 2010), especially in regards to modeling marine
trophic networks and the role that top marine consumers have in the structure and function of marine
ecosystems (Pauly et al. 1998, Porras Peters et al. 2008).
In the present study, we analyzed bone samples from
cetaceans that stranded or were incidentally captured
on Tierra del Fuego beaches over the past 3 decades.
Because bone collagen turnover rates are slow and
represent ecological information integrated over 5 to
10 yr depending on ontogenetic stage, bone collagen
represents a long-term integrator of dietary inputs
(Koch 2007), and its superior preservation qualities in
comparison to soft tissues (e.g. muscle or skin) allows
for a post-mortem assessment of the ecological characteristics at the individual level. Sporadic fluctuations in
isotope values due to periodic stress, disease or nutritional stress, or recent shift in foraging behavior or
movement patterns (Hedges et al. 2005) are likely not
reflected in the isotopic composition of collagen as in
other tissues (e.g. blood, skin, liver, or muscle) with
shorter turnover rates. To complement the study, we
also analyzed potential prey items.
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Our principal goals in the present study were to:
(1) investigate the prey and habitat preferences of 8
small cetacean species from the southwestern South
Atlantic, and (2) evaluate whether these cetaceans
tracked latitudinal and longitudinal baseline gradients in stable isotope values. Based on a priori knowledge of each species, we predicted that: (a) cetacean
species would have significant isotopic differences,
because they have different foraging areas and they
occupy different trophic levels; (b) generalist species
known to consume a wide range of prey types and/or
forage in different habitats (e.g. coastal, continental
shelf-slope break) would exhibit greater variation in
isotopic values in comparison to specialists with relatively narrow prey and/or habitat preferences; and
(c) species that forage near the coast and/or in
northern areas would have more enriched δ13C and
δ15N values, while species typically associated with
oceanic and/or southern areas would have more depleted isotope values, which generally track the spatial gradients in stable isotope values of primary producers in the southern South Atlantic and Southern
Ocean. Our analysis of these cetaceans and their
common prey provides novel ecological information important for understanding the structure of
marine ecosystems in this region, and has important
implications for their successful management and
conservation.

MATERIALS AND METHODS
Species descriptions. Burmeister’s porpoise: Phocoena spinipinnis is an endemic species to the nearshore waters from southern Brazil (28° 48’ S) to Cape
Horn (56° S), and up the west coast of South America to
Peru (5° S) (Goodall et al. 1995). There are few detailed
studies about the diet of this species along its distribution. The only food records are from Uruguay
(Brownell & Praderi 1984), Peru (Reyes & Van Waerebeek 1995), Chile (Escare & Oporto 1992), and from 5
specimens from Tierra del Fuego, Argentina (Goodall
et al. 1995); these showed remains of fish, mysid
shrimp, and euphausiids.
Spectacled porpoise: Phocoena dioptrica has a circumpolar distribution in southern oceans and, unlike
most phocoenids, but similar to Phocoenoides dalli,
seems to inhabit both coastal and oceanic waters
(Fajardo-Mellor et al. 2006). Little is known about the
biology, distribution, abundance, and trophic behavior
of this species, as there is only 1 record of prey remains
from a 6 yr old male that stranded in Chubut, Argentina (Goodall & Schiavini 1995).
Commerson’s dolphin: Cephalorhynchus commersonii is one of the most common dolphins in the area. It
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is considered a coastal species that ranges along the
coast of Patagonia from Río Negro (40° 30’ S) to the
Strait of Magellan, Cape Horn, and the Falkland/
Malvinas Islands (Best 2007). Based on geographic,
morphological, and genetic data, it was determined
that a separate subspecies exists at Kerguelen Island
(Robineau et al. 2007). There are several studies on
trophic habits along the range of the South American
subspecies (Bastida et al. 1988, Clarke & Goodall 1994,
Berón Vera et al. 2001). These studies showed that
C. commersonii is an opportunistic coastal feeder over
the shallow waters of the continental shelf, feeding on
several types of fish, squid, and crustaceans (Bastida et
al. 1988).
Peale’s dolphin: Lagenorhynchus australis inhabits
coastal waters along southern South America, from
northern Patagonia to Cape Horn, including the Falklands/Malvinas Islands, and goes as far north as 33° S
in Chile (Goodall et al. 1997a). L. australis is particularly common around Tierra del Fuego. At the south
end of its distribution, L. australis has been observed
frequenting protected channels and fjords that have
kelp beds of the species Macrocystis pyrifera (Goodall
et al. 1997a, Viddi & Lescrauwaet 2005), where it forages on demersal and bottom species. In the northern
part of its range, it seems to be more pelagic and
inhabits open coast over the continental shelf (Schiavini et al. 1997).
False killer whale: Pseudorca crassidens is widely
distributed and is commonly found offshore in tropical
and temperate waters (Stacey et al. 1994). Stomach
contents have been studied from Brazil, South Africa,
and the Strait of Magellan (Ross 1979, Pinedo & Rosas
1989, Koen Alonso et al. 1999, Sekiguchi et al. 1992).
Koen Alonso et al. (1999) suggested that P. crassidens
in the southwestern South Atlantic are opportunistic
feeders on pelagic, schooling, and locally abundant
squid and fish.
Southern right whale dolphin: Lissodelphis peronii
is a circumpolar species that inhabits the subantarctic
regions between 35 and 65° S, north and south of the
boundaries of the Subtropical and Antarctic convergences (Newcomer et al. 1996). Food records from
New Zealand, Chile, and the South Shetland Islands
included fish and squid (Torres & Aguayo 1979, Baker
1981, Van Waerebeek & Oporto 1990).
Risso’s dolphin: Grampus griseus is found worldwide in temperate and tropical offshore oceanic waters
(Baumgartner 1997, Olavarría et al. 2001) but only
recently in the subantarctic (Goodall & Schiavini 1992).
This species is considered a deep sea squid consumer.
Baker (1974) and Ross (1979) in New Zealand and
Sekiguchi et al. (1992) in South Africa reported G.
griseus stomach contents to have squid and fish. In
Tierra del Fuego, only 4 individuals examined had
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prey items in their stomachs, which were otoliths and
squid beaks (R. N. P. Goodall unpubl. data).
Hourglass dolphin: Lagenorhynchus cruciger is considered an oceanic species found in cold waters of the
Antarctic and subantarctic, with a circumpolar distribution (Goodall et al. 1997b). Little is known about its
basic biology and its trophic ecology due to its oceanic
behavior and few records of stranded animals (Fernández et al. 2003).
Sample collection. All cetacean specimens were collected along the northeast and south coasts of Tierra
del Fuego, Argentina (52 to 54° S and 68 to 69° W)
(Fig. 1). Specimens were collected as part of an ongoing long-term study (1975 to present) and represent
both single and mass stranding events, as well as incidental captures in artisanal shore-set fixed gillnets
(Goodall 1978, Goodall et al. 1994).
The cetacean specimens were sampled from cleaned
skeletons held at the Museo Acatushún de Aves y
Mamíferos Marinos Australes, Tierra del Fuego, Argentina. Small bone fragments (n = 371) were sampled

from the pterygoid region of the skull or from chevron
bones of 6 different delphinid and 2 phocoenid species
(see Table 1). Five of these species, Grampus griseus
(n = 48), Lagenorhynchus cruciger (n = 5), Lissodelphis
peronii (n = 37), Phocoena dioptrica (n = 87), and
Pseudorca crassidens (n = 27), are considered to inhabit mainly offshore waters. The 3 others, Cephalorhynchus commersonii (n = 121), Lagenorhynchus australis (n = 39), and Phocoena spinipinnis (n = 7), are
considered to be nearshore/coastal species.
We also analyzed samples of possible prey collected
from oceanic and coastal areas of Tierra del Fuego.
The prey specimens were obtained from commercial
fishing vessels operating with bottom trawlers, artisanal shore-set fixed gillnet along the northeast and
south coasts of Tierra del Fuego, and a few items from
the stomachs of incidentally caught cetaceans (Cephalorhynchus commersonii). The sampling area was
located between 51 and 54° S and 62 and 68° W,
covering coastal (54° 17’ S 66° 41’ W, 54° 52’ S 67° 16’ W,
53° 57’ S 67° 27’ W) and pelagic habitats (53° 09’ S

Fig. 1. Study area, subantarctic waters of the South Atlantic Ocean around Tierra del Fuego, Argentina (inset: South America).
Prey sampling points (d) and stranding sites (gray area) are shown. Most strandings occurred on the northeastern coast of Tierra
del Fuego
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62° 48’ W, 53° 57’ S 67° 27’ W) over the southern Patagonian area (Fig. 1). Twenty-nine species of possible
prey were studied, for a total of 194 individual specimens. We compared our prey results with isotope values of similar prey types collected in the southwestern
South Atlantic (Ciancio et al. 2008). We grouped the
prey into 7 categories corresponding to general taxonomy and ecological characteristics (see Table 2): coastal and benthic fish (e.g. zoarcids, Patagonotothen
spp.), benthopelagic fish (e.g. Merluccius hubbsi, Merluccius australis, Salilota australis), pelagic fish (e.g.
Odonthestes spp., Sprattus fuegensis), squid (e.g. Illex
argentinus, Loligo gahi), octopus (e.g. Enteroctopus
megalocyathus), crustaceans (e.g. Munida spp., Halicarcinus spp.), and zooplankton (e.g. euphausiids and
copepods).
δ13C and δ15N analysis. Collagen was extracted from
each cetacean bone sample by demineralization in
0.2 N HCl for ~72 to 96 h at room temperature with frequent replacement of fresh HCl solution during this
period. Samples were then rinsed in distilled water to
achieve a more neutral pH. Lipids were removed by
repeated rinsing with a 2:1 chloroform:methanol solution. The resulting collagen preparations were then
rinsed several times with distilled water and dried in
an oven at 60°C for ~24 h.
Bone and muscle were sampled from each prey
specimen and stored at –18°C until preparation. In
general, prey bone samples and cephalopod beaks
from stomach contents had been previously preserved
in 70% alcohol; samples were rinsed several times in
distilled water until pH was neutral before treatment
for isotopic analysis. Prey bone samples were demineralized and lipid-extracted using the same approach for
cetacean samples described in the previous paragraph.
Muscle samples were oven dried at 60°C for 48 h and
lipids were extracted in the manner described in the
previous paragraph.
Dried samples (~0.5 to 0.6 mg) were weighed into tin
capsules (3 × 5 mm) and analyzed with a Carlo Erba
Elemental Analyzer interfaced with a DELTAplus XLThermo Finnigan isotope-ratio mass spectrometer at
the Geophysical Laboratory, Carnegie Institution of
Washington, Washington, DC. Results are expressed in
delta (δ) notation using the equation:
δ13C or δ15N = [(Rsample/Rstandard) – 1] × 1000

(1)

where Rsample and Rstandard are the 13C:12C or 15N:14N
ratios of the sample and standard respectively. The
standards are Vienna Pee Dee Belemnite limestone
(VPDB) for carbon, and atmospheric N2 for nitrogen.
The units are expressed as parts per thousand or per
mille (ppt, ‰). The within-run standard deviation (SD)
of an acetanilide standard was ≤0.2 ‰ for both δ13C and
δ15N values. We also measured the weight-percent
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[C]/[N] ratios of each sample, which were in the
expected range (2.8 to 3.5) for pure protein (Ambrose
1990) (see Table 1).
Data treatment. A Kolmogorov-Smirnov test was
employed to test normality for the 2 variables (δ13C,
δ15N) and an F-test was used to test homogeneity of
variance within a species. Because the data did not
meet the requirements for parametric statistical tests,
differences in δ13C and δ15N values among species
were assessed using a nonparametric Kruskal-Wallis
test (K-W), followed by the Mann-Whitney U-test. Differences in δ13C and δ15N variance among species
were assessed with an F-test as a way to evaluate
trophic segregation/overlap among species. For all calculations, we tested significance at the α = 0.05 level.
A cluster analysis was also used to identify isotopic
patterns among species and determine general trophic
relationships. This approach created 1 cluster from the
9 observations supplied. The clusters are groups of
observations with similar characteristics based on 13C
and 15N stable isotope values. To create the clusters,
we used the nearest-neighbor method and Euclidean
distances.
Using the groups identified in the cluster analysis,
we estimated trophic level for each species using δ15N
values from individual specimens. Many studies have
reported a correlation between the trophic level that
the organism occupies and its δ15N value (DeNiro &
Epstein 1981, Vander Zanden & Rasmussen 1996).
Since most marine mammals are considered top predators in the ecosystems they inhabit, we expected that
the species analyzed here would occupy between the
third and fifth trophic level, as they do in other regions
(Pauly et al. 1998). We assumed a mean trophic discrimination factor of 3.4 ‰ per trophic level (Post 2002).
The mean (± SD) δ15N value of euphausiids, from Euphausia lucens (δ15N = 7.3 ± 0.8 ‰) reported by Ciancio
et al. (2008) in southern Patagonian waters, was considered to be the baseline for the trophic-level calculation; in this case euphausiids are assumed to occupy a
trophic level of 2. The trophic level of each individual
(TLcet) was then calculated by using the equation:
TLcet = ((δ15Ncet – δ15Nbaseline)/3.4) + 2

(2)

where δ15Ncet is the nitrogen stable isotope composition of that individual and δ15Nbaseline is the nitrogen
isotope composition of the baseline considered. By
estimating trophic level for each specimen we could
determine the mean trophic level and associated variation for each species/group in our study.
Lastly, since some of the cetacean specimens represent historic samples, we calculated a Suess correction
for each specimen that accounts for the global
decrease in the 13C content of atmospheric CO2 that is
largely due to the burning of fossil fuels over the last
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150 yr (Leuenberger et al. 1992, Indermühle et al.
1999, Francey et al. 1999). We used a time-dependent
correction of –0.022 ‰ yr–1 and found a mean (± SD)
correction of only 0.5 ± 0.1 ‰ for each species (range:
0.4 to 0.7 ‰). Given the similar magnitude and small
overall range in the calculated Suess corrections
among species, which results in small changes (0.2 to
0.3 ‰) in their mean δ13C values relative to one another
in isotopic space (see Fig. 2), we did not apply the
Suess corrections to measured δ13C values.

RESULTS
Cetacean samples
A comparison of stable isotope values of 8 small
cetacean species from Tierra del Fuego yielded significant differences in δ13C (K-W, p < 0.0001) and δ15N
values (K-W, p < 0.0001) (Fig. 2, Table 1). Overall,
there was a high degree of inter-specific variation in
isotope values, with means ranging from –22.8 to
–6.7 ‰ for δ13C and from 7.6 to 22.1 ‰ for δ15N. The
highest mean δ13C and δ15N values belong to
Lagenorhynchus australis, a coastal species. We found
significant differences between L. australis and the
other species in terms of δ13C and δ15N values (U-test,
p < 0.05). Two other species (Cephalorhynchus commersonii and Phocoena spinipinnis), which are
believed to be coastal inhabitants, had δ13C and δ15N
values between that of L. australis and the offshore
species (Grampus griseus, Lissodelphis peronii, and
Pseudorca crassidens).

The lowest δ13C and δ15N values were observed in
Lagenorhynchus cruciger and Phocoena dioptrica, 2
species that inhabit offshore waters and are commonly
seen at the Antarctic Convergence located between 50
and 60° S. There were no significant differences in δ13C
and δ15N values between L. cruciger and P. dioptrica
(U-test, p = 0.2182 and p = 0.8363, respectively), but
they were significantly different from the other species
in both δ13C and δ15N values (U-test, p < 0.05).
Among the offshore inhabitants, stock assessments
suggest that Grampus griseus occurs as a single population in the southwest South Atlantic, but the stableisotope data revealed a bimodal distribution. As such,
we treated them as 2 separate ecotypes (GG1 and
GG2) with significantly different mean δ13C and δ15N
values (U-test, p < 0.05). In general, these 2 ecotypes
were significantly different from the other dolphins in
both δ13C and δ15N (U-test, p < 0.05) with a few exceptions. GG1 had δ15N values similar to Lagenorhynchus
australis (U-test, p = 0.7430), while GG2 had δ13C and
δ15N values similar to that of Phocoena spinipinnis
and Lissodelphis peronii respectively (U-test, p > 0.05;
Figs. 2, 3 & 4).
We found no significant differences in δ13C values
between Cephalorhynchus commersonii and Phocoena spinipinnis (U-test, p = 0.4825), but these species
had significantly different δ15N values (U-test, p =
0.0266). We found no significant differences in δ13C
values between Lissodelphis peronii and Pseudorca
crassidens (U-test, p = 0.77), but they also differed significantly in δ15N (U-test, p = 0.0000).

Prey samples
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19

δ15N
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15
13
11
9
7
–23
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–15

δ13C

–13

–11
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–5

(bone collagen)

Fig. 2. Bone-collagen δ C and δ N values for Cephalorhynchus commersonii
(f), Grampus griseus ( ), Lagenorhynchus australis ( ), Lagenorhynchus cruciger (m), Lissodelphis peronii (d), Pseudorca crassidens ( ), Phocoena dioptrica (×), and Phocoena spinipinnis ( )
13

15

Isotope data for possible prey species
are presented in Fig. 5 and summarized
in Table 2. In Fig. 5, isotope values for
prey samples have been corrected for
trophic discrimination to allow for direct comparison between isotopic data
for consumers and their potential food
sources. Since the isotopic discrimination varies as a function of tissue type
(Hobson & Clark 1992, Hobson et al.
1993, Caut et al. 2009, Newsome et al.
2010), we applied different corrections
to prey muscle, bone, and beak values.
For prey muscle, we applied a correction of + 5 ‰ and + 3.4 ‰ to measured
δ13C and δ15N values, respectively, to
account for both tissue-specific and trophic discrimination (Hare et al. 1991,
Hedges et al. 2005, Koch 2007). For
bone and beak samples that only re-

Phocoenidae
Spectacled porpoise
Burmeister’s porpoise
87
7

121
48
23
25
39
5
37
27

n

Oc
Co

Co
Oc
NL
SL
Co
Oc
Oc
Oc

Area

10.1 ± 0.9
17.9 ± 0.7

19.5 ± 1.3
15.5 ± 1.4
19.3 ± 1.6
10.2 ± 0.8
15.3 ± 2.4
13.1 ± 0.7

–11.6 ± 0.5
–13.9 ± 0.9
–10.8 ± 1.2
–17.2 ± 1.0
–12.9 ± 0.9
–12.8 ± 0.4
–17.9 ± 1.2
–13.0 ± 1.0

17.2 ± 0.7

δ15N (‰)

–12.7 ± 1.3

δ13C (‰)

2.9
2.9

2.8
2.9
2.8
2.8
2.8
2.8

2.9

C/N ratio

na
5.1

na
4.4
5.5
na
4.3
3.7

4.9

TL

Oc
Nearshore/shelf

Slope break (NL)
Slope break
Co
Oc
Slope break
Slope break

Nearshore/shelf

Foraging habitat

nd
P

Ce, P
Ce, P
P
nd
Ce, P
Ce, P

P

Diet

CP2
SQ
OC
CR
ZP

CP1

BP2
BP3
CB

BP1

Group

51°39’S, 64°45’W
53°09’S, 62°48’W
53°09’S, 62°48’W
53°09’S, 62°48’W
53°09’S, 62°48’W
53°57’S, 67°27’W
54°17’S, 66°41’W
54°52’S, 67°16W
54°52’S, 67°16’W
53°57’S, 67°27’W
na
53°09’S, 62°48’W
na
53°09’S, 62°48’W
na

Geographical
coordinates

16.2 ± 0.9

–14.0 ± 1.0
13.8 ± 1.0
13.5 ± 0.9
13.8 ± 3.5
9.0 ± 5.0
9.0 ± 1.6

13.2 ± 1.1
11.0 ± 1.0
16.7 ± 1.6

–17.0 ± 1.8
–20.0 ± 1.5
–13.4 ± 2.3

–17.6 ± 3.7
–18.4 ± 1.3
–15.5 ± 0.3
–16.9 ± 0.2
–20.2 ± 0.6

15.5 ± 1.6

–15.8 ± 1.8

Original values
δ13C (‰)
δ15N (‰)

3.1
3.2
3.2
4.9
–

3.1

3.0
3.2
3.2

3.0

C/N ratio

35
36
5
9
31

25

27
6
59

114

n

Bn, M
M
Bk, M
M
M

Bn, M

Bn, M
M
Bn, M

Bn, M

Tissue

–14.6 ± 0.8
–13.4 ± 1.3
–11.9 ± 2.6
–11.9 ± 0.2
–15.2 ± 0.6

–10.0 ± 1.3

–13.4 ± 1.1
–15.9 ± 1.5
–10.1 ± 2.7

–12.1 ± 0.9

17.2 ± 1.0
16.9 ± 0.9
17.2 ± 3.5
12.4 ± 5.0
12.4 ± 1.6

19.6 ± 0.9

16.6 ± 1.1
14.4 ± 1.0
20.1 ± 1.6

18.9 ± 1.6

Corrected values
δ13C (‰)
δ15N (‰)

Present study; Ciancio et al. (2008)
Present study; Ciancio et al. (2008)
Present study; Ciancio et al. (2008)
Present study; Ciancio et al. (2008)
Ciancio et al. (2008)

Present study; Ciancio et al. (2008)

Present study; Ciancio et al. (2008)
Present study; Ciancio et al. (2008)
Present study; Ciancio et al. (2008)

Present study; Ciancio et al. (2008)

Source

Table 2. δ13C and δ15N values (mean ± SD) of possible cetacean prey in the southwestern Atlantic Ocean. Trophic discrimination correction: + 5 ‰ in C and + 3.4 ‰ in N for
muscle (M); +1 ‰ in C and + 3.4 ‰ in N for bones (Bn) and beaks (Bk). Benthopelagic fish: (BP1): Merluccius hubbsi, Merluccius australis, Salilota australis, Macruronus
magellanicus, Cottoperca gobio, Coelorinchus fasciatus, Iluocoetes fimbriatus, Cottunculus granulosus, Dissostichus eleginoides, Genypterus blacodes, nototenids; (BP2):
Micromesistius australis, Patagonotothen ramsayi; (BP3): Pseudocythus maculatus, myctophids. Coastal and benthic fish (CB): Bathyraja macloviana, Eleginops maclovinus,
zoarcids, Patagonotothen spp., Patagonotothen sima, Patagonotothen tessellata. Pelagic fish (CP1): Odonthestes spp.; (CP2): Sprattus fuegensis. Squids (SQ): Loligo gahi,
Illex spp., Illex argentinus, Moroteuthis ingens, Semirrosia tenera. Octopus (OC): Enteroctopus megalocyathus. Crustaceans (CR): Campylognathus vagans, Munida
gregaria. Zooplankton (ZP): Euphausia lucens, Calanus australis, Themisto gaudichaudii. na: not available

Phocoena dioptrica
Phocoena spinipinnis

Peale’s dolphin
Hourglass dolphin
Southern right whale dolphin
False killer whale

Scientific name

Cephalorhynchus commersonii
Grampus griseus
Ecotype GG1
Ecotype GG2
Lagenorhynchus australis
Lagenorhynchus cruciger
Lissodelphis peronii
Pseudorca crassidens

Delphinidae
Commerson’s dolphin
Risso’s dolphin

Common name

Table 1. Stable isotopic composition of cetacean species. Co = coastal, Oc = oceanic, NL = northern latitude, SL = southern latitude, TL = estimated trophic level, P = piscivorous, Ce = cephalopod feeder, na: not available, nd = not determined. Values for δ13C and δ15N are means ± SD. Diet was determined by stable-isotope analysis
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cluster analysis identified 4 main groups
of species in the data set: (1) coastal species (Lagenorhynchus australis and pos20
sibly northern Grampus griseus ecotype
GG1), (2) nearshore-Patagonian shelf
GG1
species (Cephalorhynchus commersonii
North
18
ecotype
and Phocoena spinipinnis), (3) Patagonian shelf-slope species (GG2, Lissodelphis peronii, and Pseudorca crassidens),
16
and (4) oceanic and cold water species
(Lagenorhynchus cruciger and Phocoena dioptrica). We consider Groups 1
14
GG2
(except for GG1) and 2 to be inshore
South ecotype
species and Groups 3 and 4 offshore
species (Figs. 4 & 5).
12
–16
–15
–14
–13
–12
–11
–10
Trophic-level estimates from Eq. (2)
ranged from 3.7 to 5.5 (Table 1). We estiδ13C (bone collagen)
mated trophic level for only 6 species.
Fig. 3. Bone-collagen δ13C and δ15N values of 2 Grampus griseus ecotypes proWe were unable to estimate the trophic
posed: GG1 ( ), the northern ecotype, and GG2 (n), the southern. Both can be
levels for Phocoena dioptrica, Lagenoconsidered offshore predators that inhabit the continental slope with moverhynchus cruciger, and the GG1 ecotype
ments to the shelf but at different latitudes. Values are shown for each indivias there was no isotopic data available
dual animal and mean values (± SD) for each ecotype
for possible prey items or primary producers in the areas where they generally forage.
quired a correction for trophic discrimination, we apThere were no differences in inter-specific isotopic
plied a correction of +1.0 ‰ and + 3.4 ‰ to measured
variance for δ13C (F = 0.6375, p = 0.3) and δ15N (F =
δ13C and δ15N values respectively (DeNiro & Epstein
1978, 1981, Minagawa & Wada 1984, Post 2002). The
0.9163, p = 0.5142) among Cephalorhynchus commerisotopic values of potential prey varied widely, with
sonii and Phocoena spinipinnis, but we did find a sigmeans ranging from –21.9 to –9.2 ‰ for δ13C and from
nificant difference in trophic level between these spe2.4 to 18.6 ‰ for δ15N. Due to significant differences in
cies (U-test, p = 0.0317). This latter finding should be
isotope values, pelagic (CP) and benthopelagic fish
interpreted with caution due to the low number of
(BP) were divided into 2 (CP1 and CP2) and 3 (BP1, BP2,
P. spinipinnis available for analysis (n = 7). We found
and BP3) groups respectively, increasing the overall
significant differences in δ15N variation among the
number of prey groups from 7 to 10. The 10 isotopically
3 offshore species (Lissodelphis peronii, Pseudorca
distinct prey groups were significantly different in
crassidens, GG2). L. peronii had a significantly higher
both mean δ13C (K-W, p < 0.0001) and δ15N values
degree of δ15N variation than GG2 and P. crassidens
(K-W, p < 0.0001). Coastal and benthic prey had the
(F = 0.3425, p = 0.0037 for L. peronii and GG2;
highest δ13C and δ15N values, while the zooplankton
F = 0.0892, p = 0.0000 for L. peronii and P. crassidens);
group had the lowest mean values for both isotopes.
GG2 also had a higher degree of variation in δ15N than
Benthopelagic and pelagic species (including squid,
P. crassidens (F = 0.2604, p = 0.0006). We also found
octopus, and crustaceans) had intermediate values.
significant differences in the degree of δ13C variation
between P. crassidens and L. peronii or GG2. L. peronii
and GG2 had a higher degree of δ13C variation than P.
Cluster analysis
crassidens (F = 0.2576, p = 0.0003 for L. peronii and P.
crassidens; F = 0.2484, p = 0.0004 for GG2 and P. crassiThe cluster analysis (nearest neighbor) identified
dens), but there was no significant difference in δ13C
13
distinct groups among the cetacean species using δ C
variation between GG2 and L. peronii (F = 0.9644, p =
and δ15N values (Fig. 4). No major differences were
0.4516). For trophic level, there was no significant diffound between this clustering method and a Euclidean
ference between GG2 and L. peronii (U-test, p =
distance metric or any other clustering algorithms. The
0.9714), but there were statistical differences between
cluster analysis shows an isotopic continuum from
these species and P. crassidens (U-test, p < 0.05). Ficoastal species (Lagenorhynchus australis) with the
nally, there were no significant differences in δ13C (F =
13
15
highest mean δ C and δ N values, to oceanic species
0.749, p = 0.4386) and δ15N (F = 0.702, p = 0.4073) variwith the lowest isotope values (Lagenorhynchus cruance between Phocoena dioptrica and Lagenociger and Phocoena dioptrica) (Fig. 5). Specifically, the
rhynchus cruciger.

δ15N

22
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Fig. 4. Clustering analysis (nearest-neighbor method and Euclidean distances) for Cephalorhynchus commersonii (CC),
GG1 and GG2 ecotypes of Grampus griseus, Lagenorhynchus
australis (LA), Lagenorhynchus cruciger (LC), Lissodelphis
peronii (LP), Pseudorca crassidens (PC), Phocoena dioptrica
(PD), and Phocoena spinipinnis (PS). The x-axis represents the
distance metric (Euclidean). The number in parentheses is the
estimated trophic level (not estimated for LC, PD, and GG1
ecotype due to lack of potential prey or food base isotope data)

DISCUSSION
Spatial foraging areas
The large variation in mean bone-collagen δ13C and
δ N observed among oceanic and nearshore cetaceans (Fig. 5) likely reflects latitudinal and longitudinal isotopic gradients in primary producers. These spatial baseline isotopic gradients have been observed in
other regions such as the North Pacific Ocean (Rau et
al. 1982, Dunton et al. 1989, France 1995, Schell et al.
1998, Montoya 2007). We found a significant decrease
in mean δ13C values from species that primarily inhabit
15
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coastal to oceanic areas (longitudinal variation) and
from species that inhabit northern to southern areas
(latitudinal variation). Specifically, we found a difference of ~2.0 ‰ in δ13C values between Groups 1 and
2 and a difference of 2.4 ‰ between Groups 1 and 3
(Figs. 4 & 5). Oceanic species (Group 4) showed the
largest difference in mean δ13C values, and had mean
δ13C values that were 6.8, 4.7, and 4.4 ‰ lower than
Groups 1, 2, and 3, respectively.
We also found a decrease in δ15N values as a function
of latitude and longitude. δ15N values are strongly influenced by trophic position, which can complicate their
use as habitat proxies; however, we found similar geographical patterns in δ15N and δ13C. We observed a difference in δ15N of ~2.0 ‰ between the coastal group
(Group 1) and the nearshore-shelf species (Group 2).
An even larger difference of ~5.0 ‰ was observed between the coastal group and Patagonian shelf-slope
boundary species (Group 3). Finally, isotopic differences
were larger when both longitudinal and latitudinal variation was considered, with differences up to 9.1, 7.4, and
4.5‰ in mean δ15N values between the southern oceanic
group (Group 4) and Groups 1, 2, and 3.
Differences in both δ13C and δ15N values between
inshore and offshore groups confirm that an isotopic
approach can be used to differentiate the spatial foraging areas of cetacean species along a longitudinal gradient in this region of the southwest Atlantic Ocean.
We found differences of similar magnitude in both δ13C
and δ15N values between the oceanic species and the
other 3 groups (coastal, nearshore, and slope-break
species). This confirms that both isotopic systems can
be used to determine latitudinal variation in the foraging habitats of these top predators, which ultimately
reflects the variation at the base of the food webs in the
study region.
Similarities in baseline values of different habitats,
however, can complicate interpretation of prey and
habitat preferences. For example, Lagenorhynchus
australis and Grampus griseus ecotype GG1 have similar mean isotope values, which suggest that these species consume similar types of prey in the same habitat.
L. australis and GG1, however, are known to have
completely different prey preferences and occupy different habitats (see ‘Trophic level and foraging behavior’). This example shows that, in some cases, isotopic
data should be complemented with ecological information obtained from direct observation or gut/stomach
content analysis. Such comparisons may help elucidate
whether the differences or similarities observed among
groups or species are driven by baseline isotopic gradients or differences in their ecology (prey or habitat
preferences).
Isotopic variance can also be used to measure the
foraging niche width (Bearhop et al. 2004). Isotope val-
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Coastal
areas

Cephalorhynchus commersonii and
Phocoena spinipinnis are also considered
to be nearshore species. Similarities in
19
Group 2 PS
δ13C values among C. commersonii, P.
LA
spinipinnis, Lissodelphis peronii, Pseu17
dorca
crassidens, and the Grampus
CC
Continental
griseus
GG2 ecotype suggest that their
Shelf
prey preferences or foraging habitat
15
GG2 LP
overlaps and likely is centered on the
PC
Patagonian shelf. C. commersonii and P.
13 Oceanic
Group 3
areas
spinipinnis have similar mean δ13C and
Continental
δ15N values (Fig. 4) and occupy a similar
Slope
11
PD
LC
trophic level, suggesting that they have
Group 4
similar prey and habitat preferences,
9
perhaps competing for food sources in
–19
–17
–15
–13
–11
–9
nearshore coastal ecosystems. Brownell
δ13C
& Praderi (1982) suggest that P. spinipinFig. 5. Stable isotope trends, visualizing the main trophic behavior of the 8 spenis is less abundant on the Atlantic coast
cies of small cetaceans, from the coastal to the oceanic realm. δ13C and δ15N
than the Pacific because of competition
mean values (± SE) are shown for the cetacean species and potential prey. The
with other small coastal cetaceans such
northern ecotype (GG1) of Grampus griseus is not shown here. Oval outlines inas tucuxi dolphin Sotalia fluviatilis and
dicate main foraging habitats. Group 1, coastal species: Lagenorhynchus ausLa Plata dolphin Pontoporia blainvillei in
tralis (LA, s). Group 2, nearshore-shelf species: Cephalorhynchus commersonii
(CC, e), Phocoena spinipinnis (PS, h). Group 3, slope-break species: Lissodelthe north, and C. commersonii and Lagephis peronii (LP, d), G. griseus GG2 ecotype (n), Pseudorca crassidens (PC, j).
norhynchus australis in the south. C.
Group 4, oceanic species: Phocoena dioptrica (PD, f), Lagenorhynchus cruciger
commersonii and P. spinipinnis, how(LC, m). Prey data: coastal benthic prey species ( ), demersal or benthopelagic
ever, had different mean δ13C and δ15N
j), squids (n
m ), octopus (d
s),
prey species from the shelf (f
e), pelagic prey species (h
× ). Mean prey values are shown shifted to
crustaceans (+), and zooplankton (×
values than L. australis, suggesting that
approximate trophic discrimination. Thicker dotted line: isotopic continuum from
they are not in direct competition for food
coastal to oceanic species; thinner dotted line: division between inshore and
or habitat with the coastal L. australis.
offshore species
Conventional diet analysis (Bastida et
al. 1988, Escare & Oporto 1992) has
ues of some cetacean species overlapped with values
revealed that Cephalorhynchus commersonii and Phoof others, which indicates a potential overlap in their
coena spinipinnis are opportunistic coastal feeders in
foraging areas and/or prey preferences.
the shallow waters of the continental shelf. In agreement with conventional analysis, our data suggest that
C. commersonii and P. spinipinnis may spend a lot of
Trophic level and foraging behavior
time over the Patagonian shelf pursuing pelagic (e.g.
Odonthestes spp. and Sprattus fuegensis) and benInshore species
thopelagic fish (e.g. Merluccius hubbsi, Merluccius
australis, Salilota australis, notothenids, MicromesisLagenorhynchus australis had the highest mean δ13C
tius australis, Genypterus blacodes) and may occasionand δ15N values, suggesting that it forages in coastal
ally forage in deeper waters over the continental shelf
ecosystems and occupies a relatively high trophic level
for other pelagic prey types, such as squid (e.g. Illex
(~5.5; Table 1) in comparison to the other inshore speargentinus, Loligo gahi ).
cies (Cephalorhynchus commersonii and Phocoena
spinipinnis). L. australis lives in a habitat where macroalgae, which typically have δ13C values 6 to 8 ‰ higher
Offshore species
than sympatric phytoplankton (France 1995), are
important primary producers. Comparison of mean
Pseudorca crassidens was previously considered an
L. australis isotope values with that of potential prey
oceanic predator (Best 2007), but similarities in mean
suggests that coastal-benthic species (e.g. zoarcids,
δ13C values with other offshore species (Grampus
Patagonotothen sima, Patagonotothen tessellata, Elegriseus ecotype GG2 and Lissodelphis peronii) suggest
ginops maclovinus) and nearshore pelagic species (e.g.
that P. crassidens principally occupies habitat along
Odonthestes spp.) are important food sources for
the continental shelf-slope boundary at approximately
L. australis.
the same latitude as the animals stranded (52 to 55° S)

δ15N
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(Fig. 5). P. crassidens is known for its mass strandings,
including an event in which 181 animals stranded in
the Strait of Magellan in 1989 (Koen Alonso et al. 1999,
Goodall et al. 2008). The stomach contents of 25 individuals from that stranding primarily contained neriticoceanic squid and neritic fish commonly found on the
Patagonian shelf and adjacent offshore waters (Koen
Alonso et al. 1999). P. crassidens may differ from
L. peronii and the GG2 ecotype by specializing on
cephalopods, as previous stomach-content analysis has
shown (Koen Alonso et al. 1999). This is supported by
the estimated trophic level (and associated mean δ15N
value) of P. crassidens, which was the lowest of any
species for which trophic level could be calculated
(Table 1). The relatively low isotopic variation in both
δ13C and δ15N observed for P. crassidens also suggest
that it may be a foraging specialist. Because of the
limited number of squid in our prey data set, we could
not identify a probable prey species for P. crassidens
(Fig. 5).
Lissodelphis peronii is considered an oceanic and
circumpolar predator (Best 2007). Our results suggest
that similar to Pseudorca crassidens and GG2, L. peronii is an offshore species that primarily inhabits
waters over the continental shelf-slope boundary
(Fig. 5). But similarities in mean δ13C values with nearshore species (Cephalorhynchus commersonii and
Phocoena spinipinnis) suggest that they also spend
time foraging over the Patagonian shelf. In other parts
of the world, L. peronii is often observed in nearshore
habitats, such as the western margins of South Africa
and Chile, foraging in the Benguela and Humboldt
Current systems (Best 2007), respectively, but there is
no information on specific movements of this dolphin
in the southwestern South Atlantic.
Lissodelphis peronii stomach contents from Chile
and Peru suggest that it preys at night on a variety of
pelagic squid and fish (Torres & Aguayo 1979, Van
Waerebeek & Oporto 1990). The mean δ15N value for
L. peronii was intermediate between values for species
that primarily feed on squid (Pseudorca crassidens)
and species that primarily consume fish (Phocoena
spinipinnis and Cephalorhynchus commersonii), suggesting a mixed diet of fish (e.g. Micromesistius australis, notothenids, Coelorinchus fasciatus, Iluocoetes
fimbriatus) and cephalopods (e.g. Illex argentinus,
Loligo gahi, Moroteuthis ingens) taken primarily over
the Patagonian shelf-slope boundary.
Grampus griseus is known to inhabit the southwestern South Atlantic, but has not been well studied in
this region. Initially, we assumed that all of the
G. griseus individuals analyzed in the present study
were sourced from one population, since they all
stranded in a relatively small area, but our analyses
show a bimodal distribution in mean δ13C and δ15N val-
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ues (Fig. 2). Therefore, we have treated them as 2 distinct groups, GG1 and GG2, with high and low mean
δ13C and δ15N values, respectively. We considered
GG1 as the northern group, with mean values of δ13C
and δ15N similar to those of Lagenorhynchus australis
(see ‘Cluster analysis’ above), whereas values for GG2
were more similar to species (Lissodelphis peronii and
Pseudorca crassidens) that principally occupy southern
areas (Fig. 3). Both groups (GG1 and GG2) likely
inhabit the continental shelf-slope break in the southwestern South Atlantic, which contrasts with other
studies that report G. griseus occupying deep water
and oceanic habitats (Olavarría et al. 2001, Davis et al.
2002). There are no dietary data based on stomach
contents of this species off southernmost South America, but off South Africa, G. griseus primarily forages
on cephalopods (Sekiguchi et al. 1992). Our data suggest that the southern ecotype (GG2) has a similar
trophic behavior to L. peronii and P. crassidens, primarily consuming cephalopods (e.g. Semirrosia tenera,
Moroteuthis ingens, Loligo gahi, Illex argentinus) and
some pelagic/benthopelagic fish (e.g. Micromesistius
australis, Sprattus fuegensis, myctophids) (Fig. 5).

Oceanic species
Found only in the Southern Hemisphere north and
south of the Antarctic Convergence, Lagenorhynchus
cruciger is often sighted at sea, but little is known
about its prey preferences. From the few samples gathered from stomach-content analysis, it has been suggested that this species feeds on fish and squid that
undertake diurnal migrations from deep water to the
surface (Goodall et al. 1997b, Fernández et al. 2003). In
addition, little ecological information exists for Phocoena dioptrica, which is one of the world’s rarest
cetaceans that occasionally strands on coasts adjacent
to the southwestern Atlantic Ocean, especially Tierra
del Fuego. It has also been sighted in southern circumpolar and subantarctic oceanic waters south of New
Zealand near the Polar Front (~64° S) (Goodall & Schiavini 1995, Sekiguchi et al. 2006). L. cruciger and
P. dioptrica had the lowest mean δ13C and δ15N values,
which suggests that they inhabit cold, oceanic waters
of the Antarctic Convergence (Rau et al. 1982, Goericke & Fry 1994, Dehairs et al. 1997). Unfortunately, we
have no data for potential prey of these species due to
logistical difficulties in sampling at the Polar Front.
Assessing spatial gradients in baseline and primary
producer isotope values and confirming the latitudinal
and longitudinal decline in both δ13C and δ15N values
inferred from data for top predators reported here is
needed. These samples will be important for determining the roles of several offshore cetacean species in
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the Southern Ocean (e.g. L. cruciger, P. dioptrica, and
Pseudorca crassidens) for which little ecological information currently exists.
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Summary
We found significant isotopic differences in δ13C and
δ N values among the 8 cetacean species that likely relate to differences in habitat use and trophic level information that has been obtained from traditional techniques (e.g. gut/stomach contents and observation). In
cases where previously published stomach-content and
observational data are unreliable due to low sample
sizes, our data provide new insight into the ecology of
some species, including Phocoena dioptrica, Lagenorhynchus cruciger, and Phocoena spinipinnis. Although
the combined use of both δ13C and δ15N revealed spatial
information on feeding location and food habits, in
some cases isotopic data alone were unable to discriminate among species that obviously have different ecologies (e.g. Lagenorhynchus australis and Grampus
griseus ecotype GG1). Similar to other well-studied systems (e.g. North Pacific Ocean), the δ13C and δ15N values of top consumers in the western South Atlantic are
dependent on spatial variations in δ13C and δ15N values
of primary producers in different habitats (e.g. coastal,
continental shelf, Antarctic Convergence). The influence of 13C-enriched macroalgae on coastal food webs
is likely responsible for the relatively high mean δ13C
values of L. australis in comparison to other cetaceans
that forage in pelagic habitats (e.g. continental shelf,
shelf-slope break, Antarctic Convergence) where
macroalgae dominate primary production. δ15N values
reflect a combination of diet and habitat use. L. australis
has relatively high δ15N values in comparison to other
species, consistent with what would be expected of a
coastal benthic forager. Cephalorhynchus commersonii
and P. spinipinnis have similar isotope values and calculated trophic levels indicative of a piscivorous diet
from the continental shelf, which supports previous notions of possible competition for food and/or habitat
among these species. Lissodelphis peronii and G. griseus, which are considered to principally consume squid
and fish, have similar mean δ15N values and likely occupy similar trophic levels. L. peronii and G. griseus
have intermediate isotope values between Pseudorca
crassidens and the inshore species (C. commersonii, P.
spinipinnis, and Lagenorhynchus australis). The lowest
values of δ13C and δ15N from P. dioptrica and L. cruciger
reflect their oceanic habitat near the Antarctic Convergence. Furthermore, the bimodal distribution found
among G. griseus individuals suggests the existence of
a previously unrecognized subdivision among populations in the western South Atlantic.
15
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