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Abstract

Studying the sympatric ecology of closely related marine

top predator species is of interest both from an ecological

and conservation standpoint, because it provides insights

into ecosystem functioning, how such species avoid

competitive exclusion, and how human stressors may

impact these patterns. In this study, we examine the isoto-

pic niche of three sympatric dolphin species that inhabit the

eastern Ionian Sea: the common dolphin (Delphinus delphis),

the striped dolphin (Stenella coeruleoalba), and the common

bottlenose dolphin (Tursiops truncatus). We used carbon,

nitrogen, and sulfur isotope ratios to construct three-dimen-

sional isotope niches and calculate niche sizes and their

overlaps among the three species to study interspecific com-

petition for resources. Common dolphin niche overlapped

with that of the striped dolphin by 77%, suggesting potential

resource competition between these two species. The niche

overlap between striped/common dolphins and bottlenose

dolphins was much lower (47%). Large differences in isotopic

ratios were found between the bottlenose dolphins of the

Ionian Sea and those of a largely isolated population in the

adjacent semienclosed Gulf of Ambracia, further corroborat-

ing the previously documented isolation between the two

populations.
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1 | INTRODUCTION

The basis of sympatric species coexistence is niche differentiation, often achieved through resource partitioning

(Roughgarden, 1976). Cohabiting species tend to divide resources by consuming different prey or occupying differ-

ent physical habitats, factors represented by the isotope niche, to avoid feeding competition (Newsome et al., 2007).

Thus, studying the isotopic niches of species can provide insight into their resource use and habitat differentiation

(e.g., Borrell, Gazo, et al., 2021; Giménez et al., 2017, 2018). The isotopic niche is a subset of a multivariate space,

where the axes represent the stable isotope ratios of different elements present in the tissues of individuals within a

species (Jackson et al., 2011; Newsome et al., 2007, 2012).

During the past three decades, stable isotope ratios have been increasingly used by ecologists to study different

ecological aspects of various species, including biogeography, trophic level and diet. The most frequent stable

isotope ratios used are those of carbon (δ13C) and nitrogen (δ15N). δ13C values are suitable for determining the

carbon source of the basis of a food web (Peterson & Fry, 1987) and are generally higher in highly productive areas

such as upwelling and near-shore zones, which allows for differentiation between inshore and offshore habitats

(Abreu et al., 2006; Peterson & Fry, 1987). δ15N values increase with trophic level and are used to determine the

individual trophic position (Post, 2002). Sulfur isotope ratios (δ34S) are gradually being incorporated into this type of

study because they decrease from oceanic to coastal environments and can therefore provide additional information

about spatial distribution, improving the understanding of habitat use. This is because primary producers using differ-

ent sources of S have different δ34S values, depending on S speciation; sulfate (SO4
2�) in the water column has higher

δ34S values (e.g., �+ 19‰ for microalgae and phytoplankton) than sulfide (S2�) in the sediments (e.g., �10‰ to

+5‰ for benthic algae and rooted plants). Likewise, terrestrial particulate organic matter is also characterized by

low δ34S values (Barros et al., 2010; Connolly et al., 2004; Garcia-Vernet et al., 2021; Peterson, 1999). Thus, stable

isotope ratios are a powerful tool to investigate and define ecological niches through isotopic niches (Newsome

et al., 2007, 2012).

In the eastern Ionian Sea (hereafter referred to as Ionian Sea), three small delphinid species are regularly present

and commonly observed: the striped dolphin (Stenella coeruleoalba), the common dolphin (Delphinus delphis), and the

common bottlenose dolphin (Tursiops truncatus; hereafter referred to as bottlenose dolphin) (Bearzi et al., 2005;

Frantzis et al., 2003). On the other hand, in the Gulf of Ambracia, the bottlenose dolphin is the only cetacean species

present (Bearzi, Agazzi, Bonizzoni, et al., 2008; Gonzalvo et al., 2016) and constitutes an isolated and genetically

distinct subpopulation listed as Critically Endangered in the IUCN Red List of Threatened Species (Gonzalvo &

Notarbartolo di Sciara, 2021). The abundance and distribution of these three species in Ionian waters have been

studied by systematic surveys and photo-identification (e.g., Bearzi et al., 2005; Frantzis et al., 2003), but their

sympatric ecology has not been properly investigated yet.

All three species are opportunistic generalist predators that feed on a variety of available prey. In the Ionian Sea,

these species have been observed to forage on different types of prey (Bearzi et al., 2010; Ricci et al., 2020). These

studies reported that bottlenose dolphins in the Ionian Sea predominantly feed on Merluccidae, Mullidae, Gadidae

(19%–35%), Sparidae, Mugilidae, and Moronidae (20%–35%), as well as Congridae (�15%) and cephalopods (�15%)

(Bearzi et al., 2010; Ricci et al., 2020). The common dolphin, despite having similarly adaptable feeding habits, preys

primarily on mesopelagic shoaling fish, such as Clupeidae, Engraulidae, and Scombridae (80%; Bearzi et al., 2010).

The striped dolphin tends to prefer cephalopods (�50%), Sparidae, and Mugilidae (�27%), with smaller quantities of

small pelagic fishes (�4%), including Clupeidae and Engraulidae (Ricci et al., 2020; Saavedra et al., 2022).
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In this study δ13C, δ15N, and δ34S values in skin biopsy samples of all three species were analyzed. The aims of

this study were two-fold: first, to define the isotopic niches of these sympatric species in the Ionian Sea, examining

differences in their habitat use based on niche size and potential overlap, and second, to ascertain whether there are

differences in the isotope ratios between bottlenose dolphins inside and outside the Gulf of Ambracia, to assess the

degree of isolation between these two populations, complementing existing genetic evidence (Gaspari et al., 2023).

2 | MATERIAL AND METHODS

2.1 | Study area and sampling

This study focused on the eastern Ionian Sea (western Greece), covering an area of approximately 5,000 km2 around

the islands of Lefkada, Kefalonia, Ithaca, Kalamos, and up to Corfu (Figure 1). It includes two Natura 2000 areas

(i.e., conservation areas designed by the European Commission for the protection of biodiversity in the European

Union): the Inner Ionian Sea Archipelago (site code GR2220003), and the Paxoi and Antipaxoi Islands and surrounding

waters (GR2230004). The eastern Ionian Sea is characterized by its rocky coasts, shallows covered by seagrass

meadows, oligotrophic waters, and a diversity of marine ecosystems, making it a habitat for various cetacean species

(Bearzi et al., 2005; Frantzis et al., 2003; Pitta et al., 1998). The area was also designated by the IUCN as the Ionian

Archipelago Important Marine Mammal Area (IMMA).

Conversely, the neighboring semienclosed waters of the Gulf of Ambracia, a shallow bay of 450 km2 strongly

impacted by anthropogenic activities (e.g., fish farming, agriculture, livestock, and discharges of domestic

sewage from coastal towns and villages), are mesotrophic to seasonally eutrophic (Kountoura & Zacharias, 2013).

F IGURE 1 Positions of sampled animals, with common dolphins (Ddel) in black, striped dolphins (Scoe) in green,

and bottlenose dolphins (Ttru) in red.

BORRELL ET AL. 3 of 14

 17487692, 2025, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

m
s.13196 by U

niversitaet D
e G

irona, W
iley O

nline L
ibrary on [12/06/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



The Gulf has been characterized as the only Mediterranean fjord-type system due to its fjord-like water circulation

and morphology (Ferentinos et al., 2010). As a result of all these factors, 43% of the sea floor and 36% of the Gulf's

total water volume are permanently hypoxic, reaching a maximum of 70% and 62%, respectively, in September and

July (Georgiou et al., 2021). The Gulf of Ambracia is also a Natura 2000 site (GR2110001) and an IMMA.

Skin samples were collected from 5 common dolphins, 31 striped dolphins and 18 bottlenose dolphins (5 in the

Ionian Sea and 13 in the Gulf of Ambracia) through remote biopsy sampling (described in detail by Genov

et al., 2019) and pole-biopsy sampling. The samples from common, striped, and bottlenose dolphins in the Ionian Sea

were collected during 2016–2018, while the bottlenose dolphin samples in the Gulf of Ambracia were collected in

2013 (Figure 1).

2.2 | Stable isotopes analysis

All samples were kept frozen at �20�C until the analysis. Then, a skin subsample of about 100 mg was dried

for 48 hr at 60�C. Lipids were removed from the samples by rinsing several times with a 2:1 chloroform-methanol

solution. After 48 hr the solvent was removed, and the samples were dried for another 48 hr at 60�C. Hereafter, the

samples were ground to powder with a pestle and mortar. Powdered samples of 0.25–0.3 mg were analyzed for

δ13C and δ15N values and powdered samples of 1.8–2.2 mg were analyzed for δ34S values in the Centres Científics

i Tecnològics at the University of Barcelona (cCiT-UB) following the protocol described by García-Vernet et al. (2022).

Analyses of δ13C and δ15N were carried out with a Thermo Finnigan Flash 1112 elemental analyzer

(CE Elantech, Lakewood, NJ), coupled with a Delta C isotopic ratio mass spectrometer via a ConFlow III interface

(both from Thermo Finnigan, Bremen, Germany). δ34S analyses were carried out with an elemental analyzer (Carlo

Erba 1108), alongside a Delta Plus XP isotope ratio mass spectrometer via ConFlow III interface (both from Thermo

Fisher Scientific). The results of the analysis are shown using the delta (δ) notation, which expresses the relative

variations in stable isotope ratios as parts-per-thousand (‰) relative to established standards:

δX‰¼ Rsample=Rstandard

� ��1
� ��1,000

where X is 13C, 15N or 34S, and Rsample and Rstandard are the heavy-to light isotope ratios (13C/12C, 15N/14N, and
34S/32S) in the sample and in the reference standards, respectively. These standards were the Vienna Pee Dee

Belemnite (V-PDB) calcium carbonate for 13C, atmospheric nitrogen (air) for 15N, and Vienna Canyon Diablo Troilite

(V-CDT) for 34S. Secondary isotope standards of known isotope ratios in relation to the reference standards were

used. They were: IAEA-CH7 (δ13C = �32.15‰); UCGEMA-K (δ13C = �14.97‰, δ15N = +13.52‰); UCGEMA-CH

(δ13C = �22.08‰, δ15N = �4.81‰); IAEA-N1 (δ15N = +0.5‰); UCGMA-P (δ15N = +7.6‰); IAEA NBS-127

(δ34S = +21.17‰); IAEA-SO-5 (δ34S = +0.5‰); IAEA-SO-6 (δ34S = �34.1‰); IAEA-S-1 (δ34S = �0.30‰); IAEA-

S-2 (δ34S = +22.7‰); IAEA-S-3 (δ34S = �32.3‰); IAEA-S-4 (δ34S = +16.9 ‰). Analytical precision for repeat

measurements of the reference material, run in parallel with the skin samples, was 0.1‰ for δ13C, 0.2‰ for δ15N,

and 0.1‰ for δ34S (1 SD, n = 10).

2.3 | Data analysis

Samples were split into four groups to evaluate the differences in their isotopic profiles, one for each species of

dolphin sampled in the open Ionian Sea and another one for bottlenose dolphins from the Gulf of Ambracia. The

Shapiro–Wilk test was performed to assess the normality of the sample and the Levene test to check the homosce-

dasticity of each isotope ratio and group of samples. The differences between groups in δ15N and δ13C means were

determined using one-way ANOVAs and Dunn's post hoc tests, while the differences between δ34S means
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were determined using Kruskal-Wallis tests and Dunn-Bonferroni pairwise comparisons. The above-mentioned

statistical analyses were performed using SPSS 20.0 (SPSS Inc., Chicago, IL). The rest of the analyses were performed

in R (R Core Team, 2021).

Differences in trivariate isotope ratios (δ13C-δ15N-δ34S) of the four groups analyzed were assessed through a

nonparametric permutational multivariate analysis of variance (PERMANOVA) (Anderson, 2001), using the R package

“vegan” version 2.5–7 (Oksanen et al., 2020) and pairwise comparisons using package “pairwise.adonis” (Martinez

Arbizu, 2019), both based on the Bray-Curtis distance metrics with 10,000 permutations.

The three-dimensional isotopic niche region (NR) and the niche overlap among species were calculated using

the δ13C, δ15N, and δ34S values based on the probabilistic method of Swanson et al. (2015), implemented in the

R package “nicheROVER” (Lysy et al., 2023). The NR95 (i.e., ellipsoid volume) was defined as the species niche

region where there is a 95% probability of finding an individual of a given species. The niche overlap was

expressed as the probability (in percent) of finding an individual of one species within the NR95 of another

species (Swanson et al., 2015). The uncertainty in the niche overlap was reported as the posterior distribution

of the overlap percentage along with the Bayesian 95% credible intervals for each pairwise comparison. All

analyses were performed with 10,000 runs.

3 | RESULTS

3.1 | Stable isotope ratios

The results of the stable isotope ratios for the four groups are presented in Table 1, along with sample sizes. All the

δ13C, δ15N, and δ34S values showed normality (p > .05), except those of the δ34S of striped dolphins. The Levene

test indicated that none of the isotope ratios were homoscedastic (p < .05). No significant differences were found in

the δ13C and δ15N values among the three species from the Ionian Sea (all p > .05), while the δ34S values

in bottlenose dolphins were significantly lower than in striped and common dolphins (p < .05) (Table 1, Figure 2). In

contrast, bottlenose dolphins from the Gulf of Ambracia were significantly different from striped, common and

bottlenose dolphins from the Ionian Sea in all the stable isotope ratios (all p < .01), featuring the highest δ15N values

and the lowest δ13C and δ34S values (Table 1, Figure 2).

The results of the PERMANOVA analysis showed that the clustering of stable isotope ratios by groups) were

statistically significant (PERMANOVA p < .001). Significant pairwise differences were found between (1) the

bottlenose dolphin from the Gulf of Ambracia and each of the three Ionian Sea populations (p < .001 each) and

(2) the bottlenose dolphin and the striped dolphin from the Ionian Sea (p = .008).

TABLE 1 Mean and standard deviation of δ15N, δ13C, and δ34S values in skin samples of common dolphins
(Ddel), striped dolphins (Scoe) and two populations of bottlenose dolphins: one from the Ionian Sea (Ttru) and the
other from the Gulf of Ambracia (Attru).

δ15N (‰) δ13C (‰) δ34S (‰)

n Mean SD Mean SD Mean SD

Ionian Sea Ddel 5 10.38 0.52 �17.16 0.34 19.10 0.26

Scoe 31 9.80 0.54 �17.20 0.40 19.06 0.87

Ttru 5 10.42 1.15 �16.84 0.43 18.10a 0.98

Gulf of Ambracia Attru 13 13.93b 0.74 �19.03b 1.07 16.14b 0.85

aSignificantly different from the other species in the Ionian Sea.
bSignificantly different from the other groups.
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3.2 | Isotopic niches

The 95% niche regions (NR95) of the three Ionian Sea species, determined by the two-dimensional elliptical

projections and overlap metrics, are shown in Figure 3 and Table 2, respectively. The common dolphin had the

smallest niche (1.72‰3 ± 1.01‰3), followed by the bottlenose dolphin from the Ionian Sea (5.35‰3 ± 3.23‰3) and

the striped dolphin (10.77‰3 ± 2.44‰3). These sizes may be influenced by the sample size of each group.

There was considerable overlap between the isotopic niches of the three species. For example, 77.4% of the

common dolphin ellipsoid and 47% of that of the bottlenose dolphin overlapped the striped dolphin ellipsoid, while

the latter, because it has at least twice the volume, only overlapped by 19% with each of the other two species. The

niches of bottlenose and common dolphins overlapped by 5% (Table 2).

4 | DISCUSSION

4.1 | Comparison among the three dolphin species of the Ionian Sea

The stable isotope profiles of the three different dolphin species in the Ionian Sea showed that their isotopic niches

presented (1) heterogeneous sizes and (2) significant overlap among them. Part of this overlap may be due to a scar-

city of resources, since the Ionian Sea, apart from being a sea with low productivity, has suffered a strong fishery

exploitation (Piroddi et al., 2010).

Overfishing has been reported as one of the main ongoing threats to dolphins in the Ionian Sea (Bearzi

et al., 2010; Bearzi, Agazzi, Gonzalvo, et al., 2008; Gonzalvo et al., 2011, 2014). In the eastern Ionian Sea, a high

F IGURE 2 Distribution of the stable isotope ratios split by the four groups analyzed; (Attru (red): bottlenose
dolphins from the Gulf of Ambracia, Ddel (black): common dolphins, Scoe (green): striped dolphins, and Ttru (blue):
bottlenose dolphins, from the Ionian Sea).
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proportion of bottlenose dolphins, photo-identified in scientific surveys between 1993 and 2003, showed signs of

emaciation, and this was cautiously attributed to the scarcity of prey caused by intensive trawling (Bearzi

et al., 2005). Such fishing activity was demonstrated, inter alia, to have depleted the local stock of European hake,

F IGURE 3 NicheROVER plots at 95% trophic niche region (NR) for δ13C, δ15N, and δ34S values for common
dolphins (Ddel; black), striped dolphins (Scoe; green), and bottlenose dolphins (Ttru; blue) in the Ionian Sea. Top-
right: 2D-elliptical projections of NR; diagonal: 1D-density distributions; bottom-left: 2D-scatterplots of raw data.

TABLE 2 Pairwise percentages of directional overlap between NR95 (i.e., α = 0.95) calculated using nicheROVER
and posterior mean [95% credible intervals].

% NicheROVER overlap Common dolphin Striped dolphin Bottlenose dolphin

Common dolphin 77.4 [40, 98] 5.8 [0, 24]

Striped dolphin 19 [6, 37] 19 [8, 37]

Bottlenose dolphin 4.5 [0, 18] 47.4 [19, 76]

Note: The table is read across each row, e.g., 19% of the striped dolphin ellipsoid overlapped with the common dolphin

ellipsoid, and 77.4% of the common dolphin ellipsoid overlapped with the striped dolphin ellipsoid.
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Merluccius merluccius (Papaconstantinou et al., 1985). An extensive review to assess the sustainability of bottom

trawling in the Mediterranean called for urgent measures to mitigate the biological impacts caused by this highly

destructive fishing gear (Lucchetti et al., 2021). Moreover, Bearzi et al. (2010) calculated that in the eastern Ionian

Sea, the total biomass removed by fisheries exceeds that removed by dolphins by a factor of 33, which likely

causes dolphins to feed on suboptimal prey, not exploited by fisheries. The resulting potentially adverse scenario of

difficulties to find prey by the different species might be one of the reasons for the observed overlap of their trophic

niches. However, more data would be needed to corroborate this hypothesis.

Moreover, the Ionian Sea is considered an oligotrophic area with low nutrient concentrations and low primary

production (Cassoti et al., 2003), making food availability a limiting factor and leading to potential interspecific

competition for resources (Schoener, 1982).

Common and striped dolphins did not show differences in each of the three isotope ratios, nor between their

isotopic niches, which is different from findings in other areas, where common dolphins often show higher trophic

level and more coastal distribution (e.g., Browning et al., 2014; Drago et al., 2021; Mèndez-Fernandez et al. 2012;

Peters et al., 2022). The high overlap (77%; Table 2) of the common dolphin niche with that of the striped dolphin

and the similarity of their three isotope ratios suggest a substantial degree of shared resources. Similar findings have

been reported in previous studies in the western Mediterranean: in the Balearic Sea (�75%; Borrell, Gazo,

et al., 2021), and in the Alboran Sea (�70%), where the common dolphin is still very abundant and is highly spatially

segregated from the striped dolphin (Giménez et al., 2017, 2018). This high degree of niche overlap may be

attributed to the similarities in habitat, and biological and ecological traits between the two species. They have almost

identical body sizes and tend to feed on similar prey such as pelagic fish (Borrell, Gazo, et al., 2021). Even though the

common dolphin is generally found in more coastal waters, both species can occupy the same areas and regularly occur

in mixed-species groups in several inner Mediterranean areas (Bearzi et al., 2022). In Greece, in the Gulf of Corinth in

particular, where striped dolphins are much more abundant than common dolphins, the latter occur exclusively in

mixed groups with striped dolphins (Bearzi et al., 2016; Frantzis & Herzing, 2002; Frantzis et al., 2003).

The observed smaller size of the isotopic niche of the common dolphin and its high overlap with that of the

striped dolphin might contribute to the recession of the common dolphin in the area, since the striped dolphin is

the most abundant cetacean species in the Mediterranean Sea (ACCOBAMS, 2021). The sharp decline of common

dolphin populations over the past fifty years in most of the Mediterranean Sea has been described in detail, with the

only abundant population being in the southwestern Mediterranean (Bearzi, Agazzi, Gonzalvo, et al., 2008; Bearzi

et al., 2003; Forcada & Hammond, 1998; Gannier, 2021; Genov et al., 2021). In the eastern Ionian Sea, Bearzi et al.

(2006), based on boat surveys, reported a 25-fold decrease in common dolphin encounter rates from 1997 to 2004,

from 2.18 to 0.09 encounters per 100 km.

When the population of common dolphins decreases the frequency of mixed schools with striped dolphins

increases (Frantzis & Herzing, 2002). In the Gulf of Corinth, common dolphins may have adapted their habitat use

and likely their dietary habits to coexist with striped dolphins, and have even reached a high level of interspecific

hybridization (Antoniou et al., 2018; Bonizzoni et al., 2019; Frantzis & Herzing, 2002). So far, in the eastern Ionian

Sea, despite the low common dolphin density, with a total of 87 common dolphin sightings recorded in the last two

decades, no mixed groups of common and striped dolphins have been recorded (J.G., unpublished data).

The niche overlap between bottlenose dolphins and common/striped dolphins was small, with the smallest

overlap being with common dolphins (�5%; Table 2) and much higher with striped dolphins (19%–47%; Table 2,

Figure 3). Despite the higher overlap with striped dolphins, bottlenose dolphins showed a significantly different isotopic

niche compared to that of the striped dolphins (p = .008), but not with that of the common dolphins (p > .05).

When comparing the differences in the three isotope ratios separately, only the δ34S value was significantly lower

in bottlenose dolphins than in striped and common dolphins (Figure 2, Table 2). This fact confirms the need to use δ34S

values to differentiate these habitats, because δ13C values alone seem insufficient in this environment. This difference

may reflect the more coastal habitat of this species, as seen in other Mediterranean areas (Bonizzoni et al., 2019;

Borrell, Gazo, et al., 2021) and in other seas. For example, Barros et al. (2010) differentiated bottlenose dolphins that
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foraged in shallow nearshore environments in Florida from those that foraged offshore, using δ34S values. Coastal

dolphins had the lowest δ34S values, with an increasing gradient of δ34S from inshore to offshore dolphins.

The bottlenose dolphin typically feeds at a higher trophic level than the striped and common dolphin, reflected

in higher δ15N values (Borrell, Gazo, et al., 2021; Drago et al., 2021; Giménez et al., 2018). However, this was not

observed in the current study, suggesting that this extremely adaptable and opportunistic predator (Bearzi

et al., 2009) may exploit a wider variety of prey in cases of shortage of their more usual prey.

Despite high levels of sympatry, associations between common dolphins and bottlenose dolphins were

rarely observed in the Ionian Sea (Bearzi et al., 2005). Systematic observations in this area between 1997

and 2003 indicated that the two species have remarkably different behaviors and exhibit specialized feeding

strategies targeting different prey (Piroddi et al., 2011). While common dolphins primarily feed on epipelagic fish

near the surface, bottlenose dolphins undertake long dives in search of demersal fish (Bearzi et al., 2005), and

also regularly feed on fish concentrated around the cages of locally abundant fish farms, a behavior never

observed in any other cetacean species in the eastern Ionian Sea (Piroddi et al., 2011). Moreover, as reported in

numerous locations across the world (Bonizzoni et al., 2022), bottlenose dolphins in the area also interact with

bottom trawlers (J.G., unpublished data). Therefore, even though the geographical distribution of common

and bottlenose dolphins overlaps, their ecological niches do not (e.g., Borrell, Gazo, et al., 2021; Giménez

et al., 2018). The feeding behavior and distribution of striped and bottlenose dolphins generally differ. In the

Mediterranean, the bottlenose dolphin is generally a coastal species, while the striped dolphin is more pelagic

(Borrell, Gazo, et al., 2021). Consequently, the present results show higher δ34S values in striped than in

bottlenose dolphins and a dissimilar isotopic niche between both species.

Regarding the isotopic niche sizes, striped dolphins had the highest ellipsoid volume, followed by bottlenose and

common dolphins. This difference may be due to the higher number of striped dolphin samples (Figure 3). Available

results from other areas indicate that the isotope niche of bottlenose dolphins tends to be larger due to their

behavioral plasticity, which enables them to feed on different prey depending on availability (Browning et al., 2014;

Cani et al., 2024). Furthermore, in species-rich communities in Mauritania and Uruguay, Drago et al. (2021) found a

significant and positive relationship between the isotopic niche area and the palate breadth, with the bottlenose

dolphin having one of the broadest mouth gapes and, consequently, showing the largest niches.

4.2 | Comparison between bottlenose dolphins of eastern Ionian Sea and Gulf of
Ambracia

Our results show that the isotopic profile of bottlenose dolphins from the Gulf of Ambracia differs significantly from

that of their conspecifics in the eastern Ionian Sea, and from those of the other Ionian species (Table 1, Figure 2),

which further supports the idea that bottlenose dolphins in the Gulf constitute a highly isolated population.

These results mainly point to differences in the habitat characteristics and isotopic baselines of the two water

bodies, which feature vastly contrasting eutrophic and salinity conditions. The Gulf of Ambracia is fed by the Louros

and Arachthos Rivers, making its waters warmer and less saline than those of the Ionian Sea. In addition, as stated

before, the Gulf is a seasonally eutrophic area due to the use of fertilizers from agriculture, the pollutant load from

fish farming, the geological phosphate layers discharged through the rivers, and the waste from cities around the Gulf

that increase nutrient pollution (Kountoura & Zacharias, 2013).

Nitrogen stable isotopes have been widely used to track and monitor the sources of anthropogenic nitrogen in

coastal ecosystems (Oczkowski et al., 2014; Zheng et al., 2019). Organisms that inhabit eutrophic environments

exhibit higher δ15N values compared to those found in oligotrophic marine-estuarine waters. This increase in δ15N

values is due to ammonium volatilization and denitrification processes during wastewater treatment, which remove

the lighter 14N faster than the 15N isotope, and thus enriching the environmental concentrations of the 15N isotope

(Abreu et al., 2006). Accordingly, in the current study, the bottlenose dolphins in the Gulf of Ambracia showed
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significantly higher δ15N values by nearly 4‰ (Table 1, Figure 2) than dolphins from the highly oligotrophic waters

of the Ionian Sea.

Conversely, when looking at δ13C values, bottlenose dolphins in the Gulf of Ambracia showed significantly lower

values by nearly 2‰ (Table 1, Figure 2). This result contradicts the hypothesis that higher nutrient inputs would

increase primary production and subsequently result in higher δ13C values (e.g., Oczkowski et al., 2014; Voβ &

Struck, 1997; Zheng et al., 2019). The reason for this discrepancy is unknown, but δ13C value is not as specific a

marker of eutrophication as the δ15N value. For instance, Abreu et al. (2006) found no differences in δ13C values in

primary producers and consumers in two bays with contrasting eutrophic conditions.

The δ34S values were significantly lower for the bottlenose dolphins of the Gulf of Ambracia than for any of the dol-

phin species in the Ionian Sea. These low values are likely due to the reduction of marine sulfate (δ34S � +20‰) to hydro-

gen sulfide (δ34S � �24‰) in the anaerobic sediments, characteristic of coastal and shallow environments (Connolly

et al., 2004), and the entry of sulfides into benthic food webs that leads to lower faunal δ34S values. Also, increases in

δ34S values with increasing salinities have been observed along estuarine salinity gradients (Fry & Chumchal, 2011).

The two bottlenose dolphin populations have large niche sizes, which may reflect the behavioral plasticity of this spe-

cies and its ability to adapt to varying conditions, allowing it to feed on different prey depending on availability. In the

Gulf, dolphins are frequently observed performing surface foraging behavior, feeding on Clupeiformes, as well as on

Sparidae and horse mackerel (Trachurus trachurus; Borrell, Vighi, et al., 2021; Bräger et al., 2016). In contrast, the

population in the Ionian Sea has been documented to perform longer dives in deeper areas and mainly on demersal prey

(Bearzi, Agazzi, Bonizzoni, et al., 2008; Bearzi et al., 2005). Such differences in feeding behavior likely also contribute to

the distinct isotopic signatures observed for each of the two bottlenose populations.

Further analyses should be carried out with larger sample sizes, particularly for common and bottlenose dolphins

in the Ionian Sea, to validate and expand on the results obtained in this study. Therefore, the results for these two

species in the eastern Ionian Sea should be considered as indicative and interpreted with caution.

4.3 | CONCLUSIONS

Common and striped dolphins of the Ionian Sea showed nonsignificant differences in their isotopic niches, with

their isotope ratios and isotopic niches showing a substantial overlap. These results suggest potential interspecific

competition for resources. In contrast, Ionian bottlenose dolphins showed significantly lower δ34S mean values and

therefore a lower isotopic niche overlap with the other two species. Striped dolphins had the largest niche size,

followed by bottlenose and common dolphins.

The two populations of bottlenose dolphins showed significant differences in their isotope ratios, further

confirming trophic isolation and that the population of the semienclosed Gulf of Ambracia is resident and highly

isolated from their conspecifics in the open Ionian Sea.
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