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A B S T R A C T   

Dietary tracers, such as bulk stable carbon (δ13C) and nitrogen (δ15N) isotopes, can be used to investigate the 
trophic interactions of marine predators, which is useful to assess their ecological roles within communities. 
These tracers have also been used to elucidate population structure and substructure, which is critical for the 
better identification of management units for these species affected by a range of threats, particularly bycatch in 
fishing gears. Off eastern South Africa, large populations of Indo-Pacific bottlenose (Tursiops aduncus) and 
common dolphins (Delphinus delphis) co-occur and are thought to follow the pulses of shoaling sardines (Sardi-
nops sagax) heading north-east in the austral winter. Here we used δ13C and δ15N to investigate the trophic 
interactions and define ecological units of these two species along a ≈800 km stretch of the east coast of South 
Africa, from Algoa Bay to the coast of KwaZulu-Natal. Common and bottlenose dolphin dietary niche overlapped 
by 39.7% overall in our study area, with the highest overlap occurring off the Wild Coast (40.7% at Hluleka). 
Both stable isotopes were significantly enriched in bottlenose dolphins sampled in the western part of our study 
area (i.e., Algoa Bay and Amathole) compared to eastern animals (i.e., from Hluleka, Pondoland, and KZN). In 
areas where genetic information is not available or is insufficient, food web tracers (such as stable isotopes) can 
be used to group individuals based on trophic ecology, which can provide ecological units for management of 
populations. The distinct isotope signatures found here for bottlenose dolphins can, therefore, be used as 
management units for conservation efforts in the future.   

1. Introduction 

In marine ecosystems, predator species can exhibit varying levels of 
habitat and foraging specialization, both at the individual and/or at the 
scale of groups or communities (Giménez et al., 2018; Hoelzel et al., 
2007; Rossman et al., 2015; Vaudo and Heithaus, 2011). Even within 
relatively small geographic areas, populations of small cetaceans can 
exhibit differentiation in their use of habitats and resources, allowing 
researchers to identify substructure within populations (Barros et al., 

2010; Bisi et al., 2013; Borrell et al., 2013; Browning et al., 2014b; 
Burton and Koch, 1999; Kiszka et al., 2011; Wilson et al., 2013). This can 
be particularly useful for the identification of population segments, 
which have distinct foraging behaviors and habitat use patterns 
(Browning et al., 2014b; Kiszka et al., 2012). Ultimately, the differential 
resource/habitat use may lead to genetic differences (Ansmann et al., 
2015; Hoelzel et al., 2007), although this is difficult to detect in wild 
populations. More importantly, the ability to identify ecological units is 
critical to the management of these species since these groupings may be 
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subject to and respond differently to stressors and disturbances (Barros 
et al., 2010; Browning et al., 2014b; Giménez et al., 2018; 
Méndez-Fernandez et al., 2020). 

Traditionally, information on the diet of marine predators, such as 
small cetaceans, has been collected from stomach content analysis of 
bycaught or stranded animals (Ambrose et al., 2013; di Beneditto and 
Monteiro, 2015; Kaiser, 2012; Rossman et al., 2015). However, this 
method only provides short-term insights into their feeding ecology and 
may be biased due to differential digestion rates of different prey (Pierce 
and Boyle, 1991), especially as fish otoliths and squid beaks digest or 
pass through the digestive system relatively slowly (Bowen and Iverson, 
2012). Given these limitations, stable isotope analysis has been 
increasingly employed to assess the trophic ecology of a variety of ma-
rine mammals in both inshore and offshore marine ecosystems (Borrell 
et al., 2013; Burton and Koch, 1999). Predator stable isotope composi-
tion, specifically carbon (δ13C) and nitrogen (δ15N) isotope ratios, re-
flects those of their prey, providing a powerful method of characterizing 
predator feeding habitats and relative trophic position (Newsome et al., 
2007, 2010; Post, 2002). A major limitation in using stable isotope 
analysis is that it does not provide as detailed a description of a con-
sumers’ diet as stomach content analysis. Bayesian mixing models help 
to resolve this issue by estimating the contribution of prey to a con-
sumers’ diet (Stock et al., 2018); however, these require tissue samples 
of all potential prey, which are often not available. Despite these limi-
tations, isotope values from tissues have the advantage of being assim-
ilated slowly in comparison to stomach contents, and so represent a 
consumer’s trophic interaction over a much longer time period (News-
ome et al., 2010; Walker and Macko, 1999). Stable isotope analysis has 
therefore become increasingly common in cetacean research to under-
stand resource use and partitioning between sympatric species 
(Browning et al., 2014a; Kiszka et al., 2010; Méndez-Fernandez et al., 
2013; Oviedo et al., 2018; Pinela and Borrell, 2010). 

Indo-Pacific bottlenose dolphins (Tursiops aduncus) and common 
dolphins (Delphinus delphis), hereafter referred to as bottlenose and 
common dolphins, respectively, are the most abundant small cetaceans 
in coastal and continental shelf waters off South Africa (Bouveroux et al., 
2018; Caputo et al., 2021, 2020, 2017; Cockcroft and Peddemors, 1990; 
Natoli et al., 2006). These species can occur in large groups, especially 
when feeding (Bouveroux et al., 2018; Caputo et al., 2021, 2020, 2017; 
Cockcroft et al., 1991; O’Donoghue et al., 2010c; Ross et al., 1987). Past 
studies indicate that common dolphins are typically found further 
offshore (water depth 15–60m) than bottlenose dolphins (water depth 
8–20m; Best, 2007; Melly et al., 2017). In the coastal province of 
KwaZulu-Natal (KZN), limited isotopic niche overlap has been found, 
suggesting these two species occupy two distinct foraging niches in this 
region (Browning et al., 2014a). However, off the Wild Coast, immedi-
ately to the south of KZN, narrowing of the continental shelf and the 
occurrence of sardines (Sardinops sagax) during the austral winter con-
centrates both dolphin species inshore, leading to increased foraging 
niche overlap during this particular food pulse (Ambrose et al., 2013; 
Bouveroux et al., 2018; Browning et al., 2014a; Melly et al., 2017; Natoli 
et al., 2004; Reisinger and Karczmarski, 2010; Ross et al., 1989; Young 
and Cockcroft, 1994). The presence of shoaling sardines off the east 
coast of South Africa is also thought to attract a genetically distinct 
migratory stock of bottlenose dolphins to the region (Cockcroft et al., 
2016; Natoli et al., 2008). In addition, two genetically distinct pop-
ulations have been described: the Agulhas ecoregion stock and the Natal 
ecoregion stock (Fig. 1; Vargas-Fonseca, 2018). The link between the 
migratory stock following the sardine run and these two remains un-
known (Cockcroft et al., 2016; Vargas-Fonseca, 2018); however, the 
oceanography of these two areas differs, as the continental shelf narrows 
northeasterly, in the Wild Coast and KZN areas. Here we use stable 
isotopes analysis to investigate whether the trophic ecology of delphi-
nids in the area could be used to identify sub-groupings or ecological 

Fig. 1. Map of biopsy sampling (i.e., Algoa Bay and the Wild Coast: i.e. Amathole, Hluleka and Pondoland) and bycatch sites (KwaZulu-Natal) off the eastern coast of 
South Africa, for Indo-Pacific bottlenose dolphins (BND) and common dolphins (CD). The 200m depth contour is indicated by the dotted line. 
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units in both bottlenose dolphins and common dolphins, predicting that 
EC animals would be distinct from KZN. We also examine the intra- and 
inter-species variations in stable carbon and nitrogen values of bot-
tlenose and common dolphins off the south-eastern coast of South Africa 
to determine the trophic relationships between these two species, and to 
explore the short-term spatial and temporal patterns in their feeding 
ecology, especially as it relates to the sardine run. 

2. Methods 

2.1. Study area 

This study was conducted along the east coast of South Africa in 
three main focal areas: Algoa Bay, the Wild Coast, and KZN (Fig. 1). 
Algoa Bay is a relatively shallow bay (<70 m depth), with water tem-
peratures ranging from approximately 17–21 ◦C, with periodic upwell-
ing events reducing temperatures to below 13 ◦C (Goschen and 
Schumann, 2011). Approximately 200 km north-east of Algoa Bay lies 
the region known as the Wild Coast, which is 330 km long and stretches 
from East London to Port Edward, the southernmost town in KZN 
(Fig. 1). This region is predominantly affected by the Agulhas Current, 
flowing in a south-westerly direction along the continental shelf edge, 
with average surface velocity exceeding 2.5 m/s (Roberts et al., 2010). 
The continental shelf narrows in this region, defined largely by the 50m 
depth contour (Roberts et al., 2010). Important seasonal sardine con-
centrations in these coastal waters attract a diversity of marine preda-
tors, including predatory fish, seabirds, sharks, and cetaceans (Caputo 
et al., 2017; Lutjeharms et al., 2000; O’Donoghue et al., 2010b; Roberts 
et al., 2010). Further north along the KZN coastline (Fig. 1), oceanog-
raphy differs from south-west to north-east, largely reflecting the 
northward narrowing of the continental shelf. The southernmost and 
central sections of the south coast of KZN are similar to the Wild Coast in 
that the continental shelf is narrow, bringing the fast-flowing, warm 
Agulhas Current waters inshore, within 5 km of the coastline (O’Do-
noghue et al., 2010a; Roberts et al., 2010). In the northernmost section 
of the south coast, a large semi-permanent eddy called the Durban Eddy 
strongly influences the oceanography, occasionally shifting the current 
northward (O’Donoghue et al., 2010b; Roberts et al., 2010). This region 
is considered a transition zone between the southern and northern sec-
tions of the KZN coast. In the north, currents are dominated primarily by 
wind, and not by the Agulhas Current, due to the widening of the con-
tinental shelf in this area (O’Donoghue et al., 2010b; Roberts et al., 
2010). 

2.2. Sampling 

Biopsy sampling was conducted during surveys in Algoa Bay and off 
the Wild Coast (Fig. 1). Biopsy samples were taken from adult bottlenose 
and common dolphins using a modified 0.22 air-fired rifle for veterinary 
purposes with an adjustable pressure valve (Krützen et al., 2002). In 
Algoa Bay, boat-based surveys were conducted once a month from July 
2015 to July 2016 along the 10m depth contour. Off the Wild Coast, 
boat-based surveys were conducted out of three Eastern Cape Parks and 
Tourism Agency (ECPTA) reserves between June 2014 and July 2016 in 
three different sampling areas: Amathole, Hluleka, and Pondoland, each 
located within marine protected areas (MPAs; Fig. 1). The surveys took 
place over three weeks, in June (winter), November/December (sum-
mer), and February/March (summer) each year. Only one study area (i. 
e., Amathole, Hluleka or Pondoland) was sampled per three-week trip, 
rotating the areas with each new trip. During these trips, surveys were 
conducted along the 15m and the 30m depth contours, northeast or 
southwest of the launch site on each alternate trip. Samples were kept 
frozen (− 80 ◦C) until analysis. All samples were divided into austral 
winter (May–September) and austral summer (November–March) sea-
sons (Table 1). There were no samples from April or October. This study 
was conducted with ethical clearance from Rhodes University and 

Nelson Mandela University under permit A15-SC-ZOO-012. 
Skin samples from south and central KZN waters (Fig. 1) were ob-

tained from animals incidentally caught in bather protection nets (BPN) 
administered by KZN Sharks Board (Cliff and Dudley, 1992, 2011). 
North-eastern KZN samples were not available and “KZN” refers only to 
sampling locations in Fig. 1. Animals were immediately frozen upon 
collection from nets, which are checked daily except for weekends. No 
animals retrieved on a Monday were included in this study to ensure the 
quality of the tissue samples, as these may have been in the net all 
weekend (Lane et al., 2014). Skin samples were collected from the dorsal 
region, in the same area as biopsy samples were taken to ensure con-
sistency and kept frozen at − 80 ◦C until analysis. Complete turnover rate 
of stable isotopes of skin samples of common bottlenose dolphin (Tur-
siops truncatus) is 104.40 ± 35 days for δ13C and 205.8 ± 84.49 for δ15N 
(Giménez et al., 2016), which may limit the interpretation of seasonal 
dietary fluctuations. Thus, seasons reported here reflect only time of 
sample collection. 

2.3. Stable isotope analysis 

Biopsy samples were separated into blubber and skin, with only the 
skin being analysed for stable isotopes (Newsome et al., 2010). Skin 
samples were oven dried at 60 ◦C for 48h to remove any water. The 
samples were then lipid extracted using a modified Bligh and Dyer 
(1959) method. Individual samples were placed in test tubes and 
covered with a 2:1 methanol:chloroform solution (Bligh and Dyer, 1959) 
1.2 ml per sample), agitated for 20 s using a benchtop mixer (IKA MS3 
basic) and then left to stand overnight at room temperature. The 
methanol:chloroform solution was removed the following day using a 
pipette. The samples were then dried in an oven at 70 ◦C for 24 h to 
remove any remaining solvent and ground into a fine powder (Bligh and 
Dyer, 1959). Aliquots of approximately 0.6–0.7 mg (tissues) were 
weighed into tin capsules that were pre-cleaned in toluene. 

Isotopic analysis was undertaken on a Flash EA 1112 Series 
elemental analyser coupled to a Delta V Plus stable light isotope ratio 
mass spectrometer via a ConFlo IV system (all equipment supplied by 
Thermo Fischer, Bremen, Germany), housed at the Stable Isotope Lab-
oratory, Mammal Research Institute, University of Pretoria. 

A laboratory running standard (Merck Gel: δ13C = − 20.57‰, δ15N =

Table 1 
Mean (±SD) seasonal (summer and winter) stable isotope carbon (δ13C) and 
nitrogen (δ15N) values for bottlenose dolphins (Tursiops aduncus) and common 
dolphins (Delphinus delphis) from Algoa Bay, the Wild Coast (Amathole, Hluleka 
and Pondoland), and KwaZulu-Natal (KZN) of South Africa.   

Summer Winter 

n δ13C δ15N n δ13C δ15N 

Bottlenose dolphins 
Algoa Bay 14 − 14.83 

± 0.76 
13.99 ±
0.79 

8 − 14.85 ±
0.33 

13.86 ±
0.59 

Amathole 4 − 14.77 
± 0.34 

12.92 ±
0.39 

5 − 15.03 ±
0.48 

12.79 ±
0.47 

Hluleka 35 − 15.65 
± 0.32 

12.39 ±
0.55 

30 − 15.75 ±
0.33 

12.24 ±
0.81 

Pondoland 26 − 15.95 
± 0.43 

12.36 ±
0.53 

28 − 15.96 ±
0.49 

12.06 ±
0.78 

KZN 9 − 16.46 
± 0.59 

12.05 ±
0.35 

5 − 16.12 ±
0.46 

11.97 ±
0.4 

Common dolphins 
Algoa Bay 1 − 15.80 12.83    
Amathole 12 − 15.6 ±

0.21 
11.71 ±
0.37 

16 − 15.14 ±
0.4 

12.58 ±
0.46 

Hluleka 42 − 16.08 
± 0.47 

12.05 ±
0.61 

38 − 15.53 ±
0.45 

11.99 ±
0.7 

Pondoland 5 − 15.85 
± 1.33 

12.49 ±
1.19 

15 − 15.92 ±
0.43 

11.67 ±
0.61 

KZN 1 − 16.20 11.86 6 − 15.61 ±
0.61 

12.23 ±
0.77  

M. Caputo et al.                                                                                                                                                                                                                                 



Marine Environmental Research 182 (2022) 105784

4

6.8‰, C% = 43.83, N% = 14.64) and blank sample were run after every 
12 samples. All results are referenced to Vienna Pee-Dee Belemnite for 
carbon isotope values, and to air for nitrogen isotope values. Results are 
expressed in delta notation on a per mille scale using the standard 
equation:  

δX(‰) = [(Rsample/Rstandard-1]x                                                       1000 

where: X = 15N or 13C and R represents 15N/14N or 13C/12C, respectively. 
Analytical precision was <0.14‰ for δ13C and <0.09‰ for δ15N. 

2.4. Statistical analysis 

Data were tested for normality using inspection of Q-Q plots and 
histograms, and Shapiro–Wilks tests, and for homogeneity of variance 
using Levene’s test. Differences among species, location, and season 
were explored for δ13C and δ15N separately using a general linear model 
(GLM). Tukey’s HSD post hoc tests were performed to investigate pair-
wise comparisons. ANOVAs were used to investigate the effect of loca-
tion and season on δ13C and δ15N within each species. Reciprocal 
transformation of δ15N was performed to satisfy the normality 
assumption. Q-Q plots and histograms appeared normal for δ13C and the 
reciprocal of δ15N. Statistical analyses were performed in R (v. 3.2.2.;R 
Core Team, 2017). All values are presented as mean ± SD. 

Isotopic niche width was then calculated for each species, each 
location, and each time-period using SIBER (Stable Isotope Bayesian 
Ellipses in R) metrics in R (v. 3.2.2; (Jackson et al., 2011). Bayesian 

ellipses were drawn using 105 repetitions to ensure accuracy (Jackson 
et al., 2011). The standard ellipse area (SEA) was then calculated based 
on the covariance of the x and y data and corrected for small sample size 
(SEAC), which applies a two-dimensional correction to eliminate any 
bias associated with sample size (Jackson et al., 2011). The overlap in 
SEAC between locations was calculated for each species separately using 
the maximum likelihood fitted ellipses (Jackson et al., 2011). Addi-
tionally, the total overlap between the two species within each location 
and season was calculated. We also calculated the probability that the 
posterior distributions for each ellipse plotted above was smaller or 
larger than another. This is achieved by comparing each pair of posterior 
draws for both groups and determining which is smaller in magnitude. 
We then find the proportion of draws that are smaller, and this is a direct 
proxy for the probability that one group’s posterior distribution (of el-
lipse size in this case) is smaller than the other (Jackson et al., 2011). 
Due to a paucity of common dolphin samples from Algoa Bay (N = 1), 
this animal was not included in seasonal or SIBER analyses. 

3. Results 

A total of 300 samples were collected in the study area, including 
bottlenose (n = 164; 14 bycaught and 150 biopsied individuals) and 
common dolphin samples (n = 136; 7 bycaught and 129 biopsied in-
dividuals; Table 1). 

Fig. 2. Boxplot of δ13C values from skin samples of Indo-Pacific bottlenose dolphins (Tursiops aduncus) and common dolphins (Delphinus delphis) collected at five 
different locations off south-eastern South Africa (Algoa Bay, Amathole, Hluleka, Pondoland, and KwaZulu-Natal). Post-hoc Tukey’s pairwise comparisons of 
intraspecific differences are represented as * = p < 0.05, ** = p < 0.01, and *** = p < 0.001. No horizontal line means no significant difference (p > 0.05). 
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3.1. Inter-species variation 

Overall, mean values of δ13C were − 15.69 ± 0.61‰ (range =
− 16.07‰ to − 14.29‰) for bottlenose dolphins and − 15.74 ± 0.58‰ 
(range = − 17.09‰ to – 13.62‰) for common dolphins (Table 1). GLMs 
revealed that δ13C values did not differ between bottlenose and common 
dolphins (F = 0.75, p = 0.39), but winter samples were significantly 
enriched compared to the summer samples (F = 8.49, p = 0.003) and 
δ13C varied significantly with location for both species, decreasing along 
a west-east gradient (F = 38.07, p < 0.0001; Fig. 2). Post-hoc tests 
revealed that when both species are pooled, samples from the south-
ernmost (Algoa Bay and Amathole) were significantly higher than 
northernmost (Hluleka, Pondoland, and KZN) locations were (p < 0.05). 
In addition, Algoa Bay and Amathole were also significantly different (p 
< 0.05), and the difference at each location was investigated separately. 
At Amathole bottlenose dolphins had significantly enriched δ13C values 
(F = 7.36, p = 0.010), and at KZN common dolphins were enriched (F =
6.03, p = 0.024). At Hluleka, bottlenose dolphins were also enriched in 
δ13C, but not significantly (F = 2.76, p = 0.099). 

Bottlenose dolphin samples had significantly higher δ15N values (F 
= 34.30, p < 0.001) than common dolphins. Mean of δ15N values were 
12.50 ± 0.87‰ (range = 10.90‰–14.11‰) for bottlenose dolphins and 
12.05±-0.67‰ (range = 10.08‰–14.05‰) for common dolphins. Sea-
son had no significant effect on the δ15N values of pooled samples from 
both species (F = 3.15, p = 0.08, summer = 12.38 ± 0.81‰, winter =
12.22 ± 0.82‰). For both species, samples pooled from the different 

locations were also significantly different δ15N values (F = 27.82, p <
0.0001), and, as a result, the difference at each location was investigated 
separately. At all three Wild Coast locations, bottlenose dolphins were 
enriched in δ15N values, and significantly so at Amathole and Hluleka 
(Amathole: F = 8.68, p = 0.0057; Hluleka: F = 7.23, p = 0.0080; Pon-
doland: F = 3.71, p = 0.058). 

Bottlenose and common dolphin dietary niche area overlapped by 
39.7% (Fig. 4). The overlap was greatest at Hluleka (47.0%) and Pon-
doland (32.8%), and lowest at Amathole (15.7%; KZN = 16.8%). The 
niche area of bottlenose dolphins was larger than that of common dol-
phins in 81.6% of posterior draws. Seasonally, the isotopic niche of these 
two species overlapped mainly in summer (34.5% vs. 27.0% in winter, 
Fig. 4), with both having a wider niche during this season (bottlenose: 
summer = 1.35‰2, winter = 1.01‰2, with 80.2% probability of larger 
ellipses in summer; common: summer = 1.16‰2, winter = 0.75‰2, 
65.6% probability of larger ellipses in summer). 

3.2. Intra-species variations 

For bottlenose dolphins, δ13C values differed between location (F =
38.41, p < 0.0001; Fig. 2). Tukey’s post-hoc pairwise comparisons 
revealed that all locations were significantly different, except Algoa Bay 
and Amathole (p < 0.05). These tests revealed that δ13C decreased along 
a west-east gradient. Bottlenose dolphin δ13C values did not differ be-
tween season (F = 0.79, p = 0.38). For δ15N isotopes, bottlenose dol-
phins differed significantly by both location (F = 7.24, p = 0.0079) and 

Fig. 3. Boxplot of δ15N values from skin samples from Indo-Pacific bottlenose dolphins (Tursiops aduncus) and common dolphins (Delphinus delphis) collected at five 
different locations off south-eastern South Africa (Algoa Bay, Amathole, Hluleka, Pondoland, and KwaZulu-Natal). Post-hoc Tukey’s pairwise comparisons of 
intraspecific differences are represented as * = p < 0.05, ** = p < 0.01, and *** = p < 0.001. No horizontal line means no significant difference (p > 0.05). 
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season, with winter values being significantly enriched compared to 
summer values (F = 28.20, p < 0.0001). Tukey’s post-hoc pairwise 
comparisons revealed that samples from Algoa Bay were significantly 
enriched (p < 0.05) relative to all other locations and at Amathole, 
relative to Pondoland and KZN (Fig. 3). 

For common dolphins, δ13C values were significantly higher for Wild 
Coast animals sampled in winter (F = 25.30, p < 0.0001). Common 
dolphins had significantly different δ13C values based on location (F =
6.02, p = 0.0002); however, only Amathole and Hluleka, and Amathole 
and Pondoland animals were significantly different (p < 0.05) from each 
other, based on Tukey’s post-hoc tests (p > 0.05 for all other pairwise 
comparisons; Fig. 2). For common dolphins, no differences in δ15N 
values were found between locations (F = 1.50, p = 0.21) or summer 
and winter (F = 0.072, p = 0.79; Fig. 3). However, the interaction be-
tween season and location was significant (F = 6.26, p < 0.001), with 
common dolphins at Amathole having significantly enriched δ15N values 
in summer compared to winter (p < 0.05). 

For bottlenose dolphins, Algoa Bay animals had the largest isotopic 
niche area (SEAC = 1.20‰2, probability that ellipses were larger =
70.8–99.4%) when compared to all other locations (Amathole SEAC =

0.50‰2, Hluleka SEAC = 0.68‰2, Pondoland SEAC = 0.81‰2, KZN 
SEAC = 0.67‰2; Fig. 5). The dietary niche of both Algoa Bay and 
Amathole bottlenose dolphins did not overlap with any other site (0%). 
The dietary niche of Hluleka and Pondoland bottlenose dolphins over-
lapped the most (40.4%), but Pondoland and KZN animals also over-
lapped greatly (32.4%). The dietary niche of bottlenose dolphins in 
Hluleka and KZN overlapped by only 8.9%. 

Common dolphins from Pondoland had a larger isotopic niche (SEAC 
= 1.19‰2) than those from Amathole (SEAc = 0.52‰2, probability that 
ellipses are larger = 98.8%) and Hluleka (SEAC = 0.97‰2, probability 
that ellipses are larger = 95.9%; Fig. 6). KZN common dolphin samples 
had larger SEAC than both Amathole (probability that ellipses are larger 
= 97.2%) and Hluleka (SEAC, 1.24‰2, probability that ellipses are 
larger = 91.0%). The dietary niche of common dolphins from Hluleka, 
Pondoland, and KZN were highly overlapped (>59%), with a 20.0%, 
19.7%, and 29.3% overlap with common dolphins from Amathole, 
respectively. 

4. Discussion 

This study is the first to examine the trophic ecology of bottlenose 
and common dolphins off the eastern coast of South Africa. This region is 
an important transition zone between the Agulhas and Natal ecoregions 
and the location where sardines extend their range eastward annually 
during the austral winter. The seasonal differences in stable isotope 
carbon and nitrogen values in both species investigated highlight the 
potential importance of the sardine run for dolphins in the region. 
Common dolphins sampled during winter had enriched δ13C values. 
Common dolphins sampled during winter had enriched δ13C values. Due 
to the isotopic turn-over rates, this reflects δ13C enrichment in April/ 
May. Inshore benthic habitats are enriched in δ13C, compared to 
offshore/shelf habitats, suggesting that common dolphins are feeding in 
enriched inshore habitats, possibly on sardines or other predatory fish 
that move inshore at the start of the sardine run (Ambrose et al., 2013; 

Fig. 4. Isotopic niche area, represented as stable isotope Bayesian ellipses, for skin samples of Indo-Pacific bottlenose dolphins (Tursiops aduncus) and common 
dolphins (Delphinus delphis) from the Wild Coast of South Africa (Amathole, Hluleka and Pondoland) (a) overall, (b) in summer (May–September), and (c) in winter 
(November–March). 
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Cockcroft and Peddemors, 1990; O’Donoghue et al., 2010b, 2010c; 
Young and Cockcroft, 1994). It is important to note that common dol-
phin occurrence in inshore waters did not show significant variation 
with season off the Wild Coast in previous research (Caputo et al., 2020), 
but as they are known to make daily movements (including inshor-
e/offshore) to feed (Ambrose et al., 2013; Neumann, 2001) it is likely 
that lower δ13C values for animals sampled in summer months reflects 
foraging in shelf/offshore habitats. Conversely, bottlenose dolphins did 
not differ in their δ13C values between seasons, but were significantly 
enriched in δ15N values during the winter, suggesting that they might 
feed on higher trophic level prey. This may be indirectly related to the 
sardine run as it attracts predatory fish also preying upon sardines 
(Young and Cockcroft, 1994), but more research on their diet is needed 
to improve predictions of the drivers of enriched δ15N values. Our 
interpretation is limited by the number of samples for each season and 
location combination, as there was only one common dolphin sample 
from KZN in summer, one from Algoa Bay, and low numbers of bot-
tlenose dolphin samples at Amathole for both seasons (summer = 4, 
winter = 5). In addition, due to the isotope turn-over rate for dolphin 
skin samples, our samples from winter more likely reflect the conditions 
during April/May, which may be before the sardine run begins. 

Our results also show a high percentage of isotopic niche overlap 
between bottlenose dolphins and common dolphins (up to 47.0%) off 
the Wild Coast, which contrasts with the low (9%) overlap recorded 
from stable isotope analyses in KZN animals (Ambrose et al., 2013; 
Browning et al., 2014a), suggesting that these two species are feeding on 
similar prey trophically and in similar habitats in the region. This is 
especially true in Hluleka and Pondoland, where the overlap was greater 
than 40%. Overlap was high in both seasons, but interestingly their 
isotopic niches overlapped more in summer than in winter. The presence 

of common dolphins off the Wild Coast outside of the sardine run has 
also been shown in another study that forms part of a broad research 
project off south-eastern South Africa (Caputo et al., 2020). Despite the 
high overlap, bottlenose dolphins had a higher mean δ15N than common 
dolphins, suggesting that bottlenose dolphins may be feeding on a wider 
variety of prey, including higher trophic level species (Kaiser, 2012). 
This is not surprising as bottlenose dolphins have been shown to feed on 
higher trophic level prey in other regions where these two species 
co-occur (e.g. Borrell et al., 2021; Kanaji et al., 2017). Here, common 
dolphins may specialize their diet on smaller shoaling fishes (Ambrose 
et al., 2013), as has been shown in previous studies (Borrell et al., 2013; 
Méndez-Fernandez et al., 2013; Pinela and Borrell, 2010). 

Intra-specific variation found in bottlenose dolphins provide 
important insight into their populations in the region. In areas where 
genetic information is not available or lacks the ability to identify dif-
ferences in genetic population structure is lacking, ecological tracers, 
such as stable isotopes have been used to infer fine-scale population 
structure (Bisi et al., 2013; Borrell et al., 2013; Brotons et al., 2019; 
Iverson et al., 1997; Lowther and Goldsworthy, 2011; Quérouil et al., 
2010; Segura-García et al., 2018). Here, south-western (Algoa Bay and 
Amathole) bottlenose dolphins were differentiated from north-eastern 
animals (Hluleka, Pondoland, and KZN) with no overlap in isotopic 
niche between these groups. This delineation is consistent with most 
recent genetic research using double digest Restricted Site Associated 
DNA sequencing (Vargas-Fonseca, 2018). This research suggested two 
genetically distinct ecoregions:populations that have been named based 
on their location: the Agulhas ecoregion, and the Natal ecoregion and 
separated at the Mbashe River; however, samples were only collected 
from the Plettenberg Bay area (approximately 200 km west of Algoa 
Bay), and the KZN coast, with no sampling in Algoa Bay, or the Wild 

Fig. 5. Isotopic niche ellipses for stable isotope samples taken from the skin of Indo-Pacific bottlenose dolphins (Tursiops aduncus) off the Wild Coast of South Africa 
(Amathole, Hluleka and Pondoland), and from Algoa Bay and KwaZulu-Natal. 
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Coast. The significant isotopic differences, specifically for δ13C, reoc-
curring along a west-east gradient suggest the existence of population 
segments within the two panmictic populations, as found by Var-
gas-Fonseca (2018) using genetic markers. These segments or manage-
ment units include: Algoa Bay, Amathole, and north Wild Coast/KZN, as 
these three areas three had no isotopic niche overlap. In KZN waters, 
previous studies based on microsatellite and mitochondrial DNA also 
showed genetic separation of bottlenose dolphins between north and 
south coast populations (Goodwin et al., 1996; Hammond et al., 2012; 
Natoli et al., 2008), providing evidence that there is further fine-scale 
population structuring occurring in KZN as well, despite relatively 
close proximity of putative groups and lack of obvious barriers to 
movement. The spatial variation in δ13C values demonstrated for bot-
tlenose dolphins was not present for common dolphins, with a relatively 
high overlap in isotopic niche for common dolphins between all study 
sites. Given the generally large groups of common dolphins observed in 
South African waters and the highly mobile nature of this species 
(Cockcroft and Peddemors, 1990; Evans, 1994), defining population 
segments (or ecological units) is more challenging, and our data do not 
provide evidence of population substructure along the east coast of 
South Africa. 

Defining management units is essential for conservation and man-
agement, particularly as common and bottlenose dolphins are impacted 
by incidental captures in bather protection nets along the east coast of 
South Africa (Ashe et al., 2021; Giménez et al., 2018). Isotope analysis 
suggests that additional ecological units may exist in bottlenose dolphins 
in Eastern Cape waters, despite evidence of panmictic populations of 
bottlenose dolphins in the Agulhas and Natal ecoregions. Less distinct 
differences were found for common dolphins, suggesting that they do 

not form these distinct population segments. These results could have 
implications for future management decisions, especially in the event of 
outbreaks of zoonotic diseases or with increasing impacts from oil and 
gas exploration. Eastern Cape animals should be included in genetic 
research to provide additional evidence of distinct units for management 
purposes.. In addition, further information on dietary sources from the 
Wild Coast would help us understand how common and bottlenose 
dolphins partition resources in this area and allow us to better under-
stand the role of the sardine run in their trophic ecology. 
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