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Abstract: The trophic niche of the sympatric predators Pontoporia blainvillei (franciscana dolphin) and Trichiurus 
lepturus (ribbonfish) was compared by stable isotope (δ15N and δ13C) ratios in hepatic and muscular tissues to 
understand how they co-exist in the northern Rio de Janeiro State (21°30’S-22°15’S), south-eastern Brazil. Dolphin 
specimens were incidentally captured through commercial gillnet fisheries, while fish specimens were the target 
of these fisheries. The predators had similar δ15N values in the liver (P. blainvillei: 14.6 ± 1.0‰; T. lepturus: 
14.4 ± 0.6‰), which indicates similar trophic position in the recent food intake. However, P. blainvillei showed 
lighter δ15N values in muscle (13.8 ± 1.0‰) than T. lepturus (15.0 ± 0.4‰), revealing differences in the long term 
diet that could be related with the prey size ingested. The δ13C signatures showed a preferential inshore and benthic 
food chain for P. blainvillei (liver: –15.2 ± 0.6‰; muscle: –16.0 ± 0.5‰) and a more offshore and pelagic food 
chain for T. lepturus (liver: –17.2 ± 0.6‰; muscle: –16.8 ± 0.3‰). The isotopic variances of liver and muscle 
revealed a broader niche width to P. blainvillei in relation to T. lepturus, with a greater use of available food 
resources in coastal waters. In the area of study, the differences in habitat use and exploitation of food resources 
are favoring the predators’ coexistence.
Keywords: trophic niche, marine vertebrates, stable isotopes, Rio de Janeiro, Southwest Atlantic.
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Resumo: O nicho trófico dos predadores simpátricos Pontoporia blainvillei (golfinho franciscana) e Trichiurus 
lepturus (peixe-espada) foi comparado através de razões de isótopos estáveis (δ15N and δ13C) nos tecidos hepático 
e muscular para compreender como eles coexistem no norte do Estado do Rio de Janeiro (21°30’S-22°15’S), 
sudeste do Brasil. Os espécimes do golfinho foram capturados acidentalmente em pescarias comerciais com rede 
de espera, enquanto os espécimes do peixe foram alvo dessas pescarias. Os predadores apresentaram valores 
similares de δ15N no fígado (P. blainvillei: 14.6 ± 1.0; T. lepturus: 14.4 ± 0.6), o que indica posição trófica 
semelhante quanto à ingestão alimentar recente. No entanto, P. blainvillei apresentou valores mais leves de 
δ15N no músculo (13.8 ± 1.0) em relação a T. lepturus (15.0 ± 0.4), revelando diferenças na dieta de longo prazo 
que podem estar relacionadas ao tamanho das presas ingeridas. As assinaturas de δ13C indicaram uma cadeia 
alimentar preferencialmente costeira e bentônica para P. blainvillei (fígado: –15.2 ± 0.6; músculo: –16.0 ± 0.5) 
e uma cadeia alimentar mais oceânica e pelágica para T. lepturus (fígado: –17.2 ± 0.6; músculo: –16.8 ± 0.3). 
As variâncias isotópicas do fígado e do músculo revelaram uma maior amplitude de nicho para P. blainvillei 
em relação a T. lepturus, com maior aproveitamento dos recursos alimentares disponíveis em águas costeiras. 
Na área de estudo, as diferenças no uso do habitat e na exploração de recursos alimentares estão favorecendo a 
coexistência dos predadores.
Palavras-chave: nicho trófico, vertebrados marinhos, isótopos estáveis, Rio de Janeiro, Atlântico Sul Ocidental.
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Material and methods

1.	 Sampling

The area of study is the northern Rio de Janeiro State 
(21°30’S-22°15’S) (Figure 1). Dolphin specimens were incidentally 
captured through commercial gillnet fisheries while fish specimens 
were the target of these fisheries. In this area the gillnet fisheries 
are conducted along the continental shelf, whose slope is located 
around 100 m depth. The specimens were captured in waters from 
2 to 56 km from the coastline, in depths varying from 10 to 50 m. 
Only adult fish (>100 cm length) were considered for this study due 
to their potential to be a trophic competitor of P. blainvillei (Bittar & 
Di Beneditto 2009). A sub-sample from the back dorso-lateral muscle 
and the liver (entire for T. lepturus and final portion of the largest lobe 
for P. blainvillei) were removed. All tissue samples were freeze-dried 
and homogenized with a mortar and pestle for stable isotope analyses.

2.	 Stable isotope analysis

Stable isotope ratios were determined in dry hepatic and muscular 
tissue samples, without lipid-extraction, using a Thermo Quest-
Finnigan Delta Plus isotope ratio mass spectrometer (Finnigan-
MAT) interfaced with an Elemental Analyzer (Carlo Erba). Pee Dee 
beleminite carbonate and atmospheric nitrogen were used as standard 
values for carbon and nitrogen analyses, respectively. The analytical 
precision was ±0.1 for δ13C and ±0.2 for δ15N (triplicate samples of 
every fifth sample).

The tissues samples were not lipid-extracted, which could have 
influenced δ13C results. Kiljunen et al. (2006) and Post et al. (2007) 
stated that a C:N ratio less than 3.5 indicates that the tissue contains 
zero extractable lipid. The mean C:N ratios of the muscle samples, by 
weight from elemental composition, were less than 3.5 and indicated a 
low lipid content. In this sense, the lipid-extraction was not considered 
a restriction on muscle δ13C values interpretation. Meanwhile, hepatic 
tissue usually has high lipid content and should be lipid-corrected 
(Sweeting  et  al. 2006). We applied the lipid-normalizing δ13C to 
liver samples, as proposed by Logan et al. (2008): δ13C’ = 0.967 × 
δ13C + 0.861.

3.	 Data analysis

The assumptions of normality and homoscedasticity were 
assessed through Shapiro-Wilk and Levene tests, respectively. The 
data fit a normal distribution, but the homoscedasticity was not 
verified in all cases. In this sense, Welch t-test for non-homogeneous 
samples was applied to verify the diet and feeding ground overlaps 
between P. blainvillei and T. lepturus considering stable  isotopes 
measurements in hepatic and muscular tissues. The trophic niche 
width of predators was compared through the isotopic variance of liver 
and muscle, using a simple variance ratio test (F-test), as described 
in Bearhop et al. (2004). The statistical analysis was performed using 
Statistica 10.0 for Windows (StatSoft, Inc 1984-2011, USA) and R 
2.12.2 for Windows (R Development Core Team 2011). A p value 
equal or less than 0.05 was chosen to indicate statistical significance.

Results and Discussion

The δ15N values in the liver ranged from 13.3 to 16.9‰ to 
P. blainvillei (mean: 14.6±1.0‰), and 13.7 to 15.5‰ to T. lepturus 
(mean: 14.4 ± 0.6‰) (Figure  2). No significant difference was 
detected between predators (t= –1.097; p = 0.279). However, the 
δ15N values in muscular tissue of P. blainvillei (11.2 to 15.6‰; mean: 
13.8 ± 1.0‰) were significantly lighter (t= 3.986; p < 0.001) than in 
T. lepturus (14.0 to 15.5‰; mean: 15.0 ± 0.4‰) (Figure 2).

Introduction

Species that require similar feeding resources and co-exist in the 
same habitat tend to minimize food competition by using different 
physical areas or preying on different species (Pimm 2002). The target 
species of this study are two predators that co-exist in coastal waters 
of the Southwest Atlantic Ocean: franciscana dolphin Pontoporia 
blainvillei (Gervais & D’Orbigny 1844) and ribbonfish Trichuirus 
lepturus (Linnaeus 1758). The species P. blainvillei is the most 
vulnerable dolphin along the southwest Atlantic Ocean due to their 
encounters with gillnet fisheries, and their populations are considered 
to be decreasing (International... 2012). Its distribution is restricted 
to waters up to 30 m depth, between 19 °S to 38 °S (Crespo et al. 
1998, Di Beneditto 2003). The species T. lepturus may be found 
along tropical and sub-tropical latitudes and it is an important fishery 
resource worldwide. Juvenile and subadult specimens are related to 
estuarine and coastal waters, while adult specimens move along the 
continental shelf widely, reaching the continental slope and oceanic 
waters (Martins et al. 2005, Froese & Pauly 2012).

Studies on stomach content analysis indicated that P. blainvillei 
feeds preferentially on fishes and squids up to 10 cm length 
(Di Beneditto & Ramos 2001, Danilewicz et al. 2002). In contrast, 
the feeding habit of T. lepturus changes during its ontogeny, being 
zooplanktivorous at juvenile stage (5-30 cm length) and becoming 
a carnivore when adult (>100 cm length), feeding mainly on 
fishes (Martins et al. 2005). A previous comparison about the food 
preference of these predators in northern Rio de Janeiro State, south-
eastern Brazil, through stomach content analysis, showed a feeding 
overlap in which 60% of total food resources consumed were shared 
between them (Bittar & Di Beneditto 2009).

The stomach content analysis of dead vertebrates is commonly 
used to identify the preferential prey and their quantitative 
contribution to diet (e.g. Ohizumi et al. 2003, Di Beneditto & Ramos 
2001, Bittar et al. 2008). Indeed, this is the more efficient method 
for the taxonomic recognition and size estimates of prey ingested 
by aquatic predators. However, stomach content analysis usually 
indicates the last food intake, but not the dietary input over time 
(food assimilation). Thus, complementary analysis with other diet 
markers such as stable isotopes can provide additional information 
about feeding preference and trophic niche in the ecosystem (Di 
Beneditto et al. 2011).

Stable  isotope measurements have provided useful data on 
marine vertebrates’ trophic ecology, indicating the food assimilated 
from feeding activities and food sources (e.g. Das  et  al. 2000, 
Hobson et al. 2002; Di Beneditto et al. 2011, 2012). In general, 
stable isotope ratios of a consumer are related to those of their prey 
and consumers that occupy the same trophic position have similar 
isotopic measurements (Renaud  et  al. 2011, Di  Beneditto  et  al. 
2011). In trophic ecology approaches, stable  isotope of nitrogen 
(δ15N) has been mainly used to recognize different trophic levels 
and food assimilation over time, while carbon (δ13C) indicates 
different dietary-based carbon sources (e.g. inshore vs. offshore, 
pelagic vs. benthic or aquatic vs. terrestrial) (DeNiro & Epstein 
1978, Peterson & Fry 1987, Fry 2008). Additionally, the concept of 
isotopic niche, gathering δ15N and δ13C measurements, has been used 
to better understand species’ trophic niche width and competition 
or coexistence among species (Bearhop et al. 2004, Newsome et al. 
2007, Franco-Trecu et al. 2012).

The aim of this study is to describe the trophic niche of P. 
blainvillei and T. lepturus in the coastal waters of northern Rio de 
Janeiro State using stable isotope analyses in hepatic and muscular 
tissues to understand how they co-exist in the study area.
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Comparisons of δ15N signatures in different tissues allow food 
ingestion evaluation in different periods of time, as days, weeks or 
months (Hobson et al. 1996, Das et al. 2000, Fry 2008). Considering 
hepatic and muscular tissues, the turnover rate is faster in the 
former due to differences in metabolic activity (Tieszen et al. 1983, 
Hesslein et al. 1993). From this perspective, it is possible to suggest 
that δ15N signatures in the liver are normally derived by more recent 
food ingestion (e.g., days or weeks) than in the muscle (e.g. months).

The feeding ground (and diet) overlap between these predators in 
the area of study should occur when adult specimens of T. lepturus 
move along shallower waters. At this time, P. blainvillei (with a restrict 
area of distribution in the inner continental shelf) and T. lepturus (with 
a wide area of distribution along the entire continental shelf) share 
the available food resources, that can include the same prey species 
with similar size. Since the analyzed specimens were captured in the 
inner continental shelf (see Material and Methods), the recent feeding 
events (measured by δ15N signatures in the liver) were probably 
similar, as well as the predators’ trophic level in this feeding ground. 
This could explain the similar results of hepatic δ15N for T. lepturus 
and P. blainvillei specimens.

On the other hand, the δ15N ratios in muscle of P. blainvillei 
specimens were lighter than in T. lepturus specimens, showing 
differences between predators when considering the trophic level 
in a long-term diet. According to Bittar & Di Beneditto (2009), the 
predators are sharing 60% of the total food resources ingested, but 
the average prey size consumed by T. lepturus is twice greater than 
P. blainvillei’s. In general, small size specimens of a given species 

Figure 1. Northern Rio de Janeiro State, south-eastern Brazil, where Pontoporia blainvillei and Trichiurus lepturus specimens were captured (dotted area).

Figure 2. Stable isotopes (δ15N and δ13C) values in the liver (A) and muscle 
(B) of Pontoporia blainvillei and Trichiurus lepturus specimens.
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are less δ15N enriched than the large ones (Jennings et al. 2002), and 
this condition could explain the muscle δ15N differences between 
predators.

Stable carbon isotope was specifically grouped in both tissues 
(Figure 2). In P. blainvillei specimens the values ranged from –15.6 
to –13.4‰ (mean: –15.2 ± 0.6‰) in hepatic tissue and –17.1 to 
–14.9‰ (mean: –16.0 ± 0.5‰) in muscular tissue, while in T. lepturus 
specimens the values ranged from –18.4 to –16.5‰ (mean: –17.2 
± 0.6‰) and –17.8 to –16.3‰ (mean: –16.8 ± 0.3‰) in liver and 
muscle, respectively (Figure 2). In both tissues, the values of δ13C 
for T. lepturus were significantly lighter than in P. blainvillei (liver: 
t= –11,01; p < 0.001; muscle: t= –5,692; p < 0.001).

Differences in δ13C signatures reflect differences in habitat use 
between these predators. The δ13C signatures are usually applied 
to distinguish different dietary-based carbon sources: benthic and 
inshore trophic chains are usually enriched in δ13C compared to 
pelagic and offshore ones (DeNiro & Epstein 1978, Hobson 1999, 
Lesage  et  al. 2001, Fry 2008). Thus, δ13C signatures showed a 
preferential inshore and benthic food chain for P. blainvillei and a 
more offshore and pelagic food chain for T. lepturus.

In P. blainvillei, the variances in δ15N values (liver: 1.02; 
muscle: 1.10) were significantly greater (F = 3.01; p = 0.026) than 
in T. lepturus (liver: 0.34; muscle: 0.17), reflecting a broader niche 
width to the dolphin. Considering the pool of ingested prey species 
by each predator, this result indicates that the number of prey species 
that have importance in the diet of P. blainvillei is greater than in 
T. lepturus, corroborating the prey’s index of relative importance 
analysis done in Bittar & Di Beneditto (2009).

The variances in δ13C values in hepatic tissue were similar 
between predators (P. blainvillei: 0.38; T. lepturus: 0.35; F = 
1.06; p = 0.884). This can indicate similar trend regarding feeding 
grounds used by both predators in recent feeding events, when they 
are sharing the coastal waters along the inner continental shelf and 
probably the food resources, as discussed above. The variances in 
muscle δ13C of P. blainvillei (0.30) was greater than T. lepturus 
(0.12), but with no significant difference (F = 2.50; p = 0.061). 
Although demersal feeding ground seems to be more important to 
P. blainvillei than pelagic ones, as shown by δ13C values (Figure 2), 
this predator explores both sites to capture its preferred prey 
(Di Beneditto & Ramos 2001). On the other hand, T. lepturus is a 
typical pelagic predator (Bittar et al. 2008). These characteristics 
would lead to differences in the variances considering the muscular 
δ13C values.

In the area of study, some previous investigations described in 
details the feeding habits of both predators through stomach content 
analysis. Both pelagic (e.g., Doryteuthis spp, Anchoa filifera, Pellona 
harroweri and Chirocentrodon bleekerianus) and demersal species 
(Stellifer spp, Isopisthus parvipinnis and Cynoscion jameicensis) 
were identified as preferential prey of P. blainvillei (Di Beneditto & 
Ramos 2001). Regarding T. lepturus, only pelagic species were among 
the most consumed prey (e.g., T. lepturus  –  juvenile specimens, 
P. harroweri, C. bleekerianus and Lycengraulis grossidens and 
Doryteuthis spp) (Bittar et al. 2008, 2012). Comparing the previous 
stomach content analysis with the stable carbon isotope signatures 
measured in the present study, we can argue that demersal prey 
species are more important for P. blainvillei than previously thought. 
This feeding strategy can reduce the trophic competition between 
P. blainvillei and T. lepturus (and other pelagic predators) in coastal 
areas. Additionally, the trophic niche width of P. blainvillei indicates 
its great ability in using the available food resources, compensating its 
limits regarding the distributional area and allowing the coexistence 
with trophic competitors, as T. lepturus.
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