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Abstract

The Terminos Lagoon Flora and Fauna Protection Area is the largest coastal lagoon in the southern Gulf of Mexico and has the
largest population of bottlenose dolphins, Tursiops truncatus, reported in the region. Photo identification studies have reported
permanent and seasonal residence of dolphins; however, how dolphins coexist ecologically is unknown. In the present study,
from 17 dead specimens stranded on the coast of Isla del Carmen (barrier island) between 2014 and 2016, stable isotopes in the
liver, heart, and muscle, which represent different time scales, were analyzed to determine residence through 8'3C values and
niche width and trophic coexistence through 8'°N values. Differences between sexes (8'>C liver: p=0.009; heart: p=0.01) and
age classes (8'°N muscle: p=0.02) were found, which indicated trophic sexual segregation and changes in resource use during
growth, respectively. The lack of significant differences in 8'3C values indicated isotopic equilibrium between the tissues, indi-
cating the possible permanent residence of 12 dolphins in Terminos Lagoon as a coastal ecotype (— 16%o) and a second group
(five dolphins) as an oceanic ecotype (— 18%o). In conclusion, most dolphins stranded in the Terminos Lagoon are potential

permanent residents of this habitat, with evidence of resource partitioning as a coexistence strategy.

Keywords Dolphins - Food resources - Habitat use - Ecotypes - Niche width - Multiple tissues

Introduction

The Terminos Lagoon Flora and Fauna Protection Area is
an aquatic coastal ecosystem located in the southern part of
the Gulf of Mexico (Fig. 1). The lagoon is delimited by a
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barrier island: Carmen Island (30 km long and 2.5 km wide);
thus, water exchanges with the sea take place through two
inlets, one in the northeastern part and the other in the north-
western part (Villéger et al. 2010). Additionally, the lagoon
has one of the largest populations of Tursiops truncatus in
the gulf; the highest number of recaptures (residents) in the
Yucatan Peninsula was recorded through photo identification
(Delgado-Estrella 2015).

Within the lagoon, the places where dolphins are most
frequently observed are Panlao, Puerto Pesquero, and
areas close to river mouths (Martinez-Serrano et al. 2011),
which are probably due to these areas containing favora-
ble conditions as shelter sites for females with calves or
multiple pods of dolphins. Dolphin movements are directly
related to the availability of prey; thus, individuals may
travel long distances in open water in search of food (these
individuals are classified as the oceanic ecotype), whereas
coastal ecotype individuals consume local prey popula-
tions in coastal ecosystems and travel short distances
(Wells et al. 1980; Cockcroft and Ross 1990). These two
ecotypes have been differentiated through morphologi-
cal, ecological, and genetic differences and through stable
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Fig.1 Location of the Terminos Lagoon, Campeche, in the southern Gulf of Mexico and the points where the stranding of the bottlenose dol-
phin (Tursiops truncatus) was recorded during 2014-2016 (red points: Boca del Carmen area; yellow points: North Coast area)

isotope analysis (Wells and Scott 2009; Diaz-Gamboa
et al. 2017).

In the Terminos Lagoon, studies of the abundance of dol-
phins indicate ranges between 800 and 1000 individuals per
season. The peak abundance was recorded during the dry
season (February to May), which was maintained until the
rainy season (June to September) (Delgado-Estrella 2015;
Fichez et al. 2017). Based on the results of the photo iden-
tification analysis, between 20 and 30% of the individuals
were permanent residents of the lagoon, and these abun-
dances are likely associated with the consumption of fishes
from the families Ariidae (~ 50% between Ariopsis felis and
Bagre marinus) and Sciaenidae (~40% among Cynoscion
arenarius, C. nothus, and Micropogonias undulatus) accord-
ing to stomach content analysis (Naranjo-Ruiz et al. 2019).

An ecosystem is made up of different microhabitats that
generate specialized ecological niches for organisms. In
odontocetes, interspecific specialization reflects differen-
tial uses of the niche (Guevara-Aguirre and Gallo-Reynoso
2016), whereas the coexistence of sympatric populations
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of the same species requires a certain degree of resource
partitioning reflected in different feeding behaviors and
intraspecific specializations (Loizaga de Castro et al. 2017);
these ecological aspects have not been investigated in the
T. truncatus population of the southern region of the Gulf
of Mexico.

An excellent tool for investigating ecological aspects is
stable isotopes, and the most frequently used are nitrogen
(8"°N) and carbon (8'3C), which can be used to explore dif-
ferences in the trophic ecology of sympatric populations
(Post 2002; Fernandez et al. 2011; Wilson et al. 2017) and
to determine the origin of stranded carcasses (MacKenzie
et al. 2011; Thomas et al. 2017). Isotopes can be assessed
for predators assuming that the combination of both isotopes
in predator tissues reflects assimilated food sources, with a
difference known as isotopic fractionation (Hobson 1999;
Fry 2006; Teixeira et al. 2022).

8!3C undergoes an approximate increase of 1 %o per
trophic level, reflecting the primary production baseline
in the food web and the productivity of the ecosystem
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being analyzed (Fry 2006). The most productive regions
are located close to the coast and have high 8'3C values,
while the least productive areas are marine and offshore
environments and are characterized by lower 8'°C values
(Graham et al. 2010). These differences have been recorded
between the coastal and offshore ecotypes of dolphins, with
variations between 1 and 2% in 8'C values (Michener and
Kaufman 2007; Diaz-Gamboa et al. 2017).

For 8N, an enrichment of ~3 to 4% is estimated for
each trophic level, which indicates the trophic position since
this isotope reflects the relative contributions of different
trophic levels to the diet of animals, where inter- or intraspe-
cific variations in the isotopic composition of organisms that
are distributed in the same sites reflect a differential use of
resources (Fry 2006).

Several authors mention that the liver has fast rates of
isotopic incorporation, followed by the heart (days—week)
and muscles (months) (MacNeil et al. 2005; Newsome
et al. 2010; Vander-Zanden et al. 2015; Carter et al. 2019).
Hence, the study of isotopes in more than one tissue
explores different time scales and yields integrated infor-
mation over different time periods or “isotopic clocks”
(Carter et al. 2019). Moreover, if tissues with different
incorporation rates exhibit isotopic equilibrium, that is, if
they have the same isotopic signal, they may reflect a feed-
ing site that does not change over time (Hobson 1999); this
knowledge of dietary changes is ideal for use as a tool for
monitoring potential residence.

It is known that different groups of dolphins use a particu-
lar habitat (6'C) and food resources (8'°N) as a coexistence
strategy. To investigate this phenomenon, organisms that
stranded and died on the barrier island between the lagoon
and the Gulf of Mexico from 2014 to 2016 were analyzed,
the isotopic compositions of multiple tissues were analyzed,
and the potential prey were analyzed for possible contribu-
tions to these tissues (Naranjo-Ruiz et al. 2019).

However, prior to the ecological analysis of a species
and specifically when dealing with carcasses, it is neces-
sary to assess the quality of the samples. Although the
values of 8'°N, in particular, are affected by the action
of decomposer carcasses, no significant changes are
detected in the first stages of decomposition until the
corpse begins to swell (Payo-Payo et al. 2013; Keenan
and DeBruyn 2019; Cloyed et al. 2022). Hence, up to
that limit, tissues obtained from strandings can be used
for isotope analysis.

This allows us to determine the potential residence repre-
sented by the low variability in 8'*C among tissues and the
coexistence strategy characterized by the high intraspecific
variability in 8'°N in one of the key species in the eco-
logical balance of the Terminos Lagoon, the largest coastal
natural protected area in the southern Gulf of México.

Materials and Methods
Study Area

Terminos Lagoon (Fig. 1), 18°20'—19°00" N, 91°10'—
92°00" W, is a shallow estuarine system (1662 km?) with
an average depth of 4 m. It is separated from the Gulf of
Mexico by a barrier island (Isla del Carmen) that leaves two
connections to the sea, each with a deep channel (Ramos-
Miranda and Villalobos-Zapata 2015).

There are three distinct seasonal periods throughout the
year: “dry” season from February to May and “rainy” sea-
son from June to September. These periods are separated
by a period of winds from the northeast called “nortes” that
extend through January (Fichez et al. 2017).

Stranding

Between 2014 and 2016, stranded bottlenose dolphins (7.
truncatus) were examined in situ according to the proto-
col established by the government of Mexico for Strand-
ings of Aquatic Mammals (DOF 2014): The geographical
position, photographic evidence, and morphometric data
were recorded. Samples of tissues, including muscle, liver,
and heart, were frozen at— 15 °C. The maximum length of
each dolphin was used to indicate its age class according to
the criteria established for the Gulf of Mexico dolphins by
Romero-Tenorio and Delgado-Estrella (2015).

Collection of Potential Prey Species

Between 2016 and 2017, 10-min intervals were deployed at
a speed of 2 to 2.5 knots for each of the 17 sampling stations
on a 5 m long shrimp trawl net (2.5 m opening, 3" mesh).
The catch was classified by station and frozen in the Labo-
ratory of Trophic Ecology of the EPOMEX Institute of the
Universidad Auténoma de Campeche.

Twelve of the most abundant species of the Terminos
Lagoon (Ramos-Miranda et al. 2005; Irola-Sansores et al.
2021) were selected from among the species captured; these
included mollusks, crustaceans, and fishes from different
trophic levels. The fishes were selected based on the best
represented species in the stomach contents of dolphins in
this region (Naranjo-Ruiz et al. 2019).

Isotope Analysis
Samples of the liver, muscle, and heart of T. truncatus and of

the muscle of each prey species were dehydrated in an oven
at a constant temperature of 55 °C for 48 h. Subsequently,
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each sample was macerated in an agate mortar to homog-
enize and reduce it and to be analyzed via a mass spectrom-
eter of isotopic ratios coupled to an elemental analyzer of
carbon and nitrogen (Laboratorio de Quimica Marina, Area
de Espectrometria de Masas, CICIMAR, Instituto Politéc-
nico Nacional).

Data Analysis
C:N Ratio and Mathematical Lipid Correction

The C:N ratio was used as an indicator of lipid influence in
samples of dolphins. Some tissues can have large amounts
of fat due to their metabolic nature. Tissues with C:N val-
ues higher than 3.5 were mathematically corrected to avoid
the influence of lipids (depleted in §'*C) without damaging
the 8N composition (Post et al. 2007; Hardt et al. 2013
Giménez et al. 2017) in tissues of aquatic species using the
equation proposed by Post et al. (2007):

AV C = (6"C) —3.32+0.99(C/N)

Statistical Analysis

The stable isotope values of dolphins met the assumptions
of normality (Shapiro-Wilk; 8'°N W=0.96, p=0.22 and

813C W=0.97, p=0.36) and homoscedasticity (Levene
test: 8'°N F=0.97, p=0.38 and 8'3C F=0.33, p=0.71);
therefore, parametric tests were performed with Statistica
v7.0.6.1.0 (StatSoft, 2001). One-way ANOVA was used to
determine whether the 8'°N and 8'3C values differed sig-
nificantly among the tissue, sex, age class (adults, subadults,
and calves), season and year of stranding (2014, 2015, and
2016), ecotype (coastal 8'3C more than — 16%o, oceanic
8'3C less than — 17%o), trophic position, and stranding area;
where there were significant differences, the Tukey post hoc
test was applied.

Isotopic Niche Width

To evaluate the coexistence, the stable Bayesian ellipse in
R (SIBER) was used to determine the isotopic niche width
and feeding strategy through ellipse width (lower variance:
specialist vs. high variance: generalist), which is based on
isotopic ratio measures calculated by a covariance matrix
that defines the shape and area of the standard ellipse area
corrected (SEAc) within a 95% confidence interval (Jack-
son et al. 2011). Values of SEAc <1 corresponded to preda-
tors with specialist habits, while values > 1 were considered
generalists. Additionally, the overlap of the ellipses was
measured to determine the possible differences between
sexes, age classes, ecotypes, and stranding areas in terms
of resource use and habitat; according to Langton (1982),

Table 1 Isotopic composition

(6C and 85N) in different 1D Age class  Sex Liver Muscle Heart Area  Ecotype

tissues and individual 83C%o  8"N%o 8“C%o 6"N%o 8C%o 8" NY%o

information of stranded

bottlenose dolphins (Tursiops TT0114 A M -171 126 -17.0 119 —18.8 142 NC O

truncatus) in the Terminos TT0214 C M -171 132 -162 154 -164 182 NC C

Lagoon, Campeche, during TT0314 A M —155 150 ~172 113 169 124 BC C

2014-2016
TT0414 C M -163 137 —157 13.1 —16.1 14.0 NC C
TT0514 SA M -178 121 -18.1 120 -17.8  13.0 BC O
TT0614 SA ID -127 117 -17.8 123 —18.1 143 BC O
170715 C M —180 148 -186 12.8 - - BC O
TT0815 SA F -156 150 - - -157 150 NC ESh
TT0915 SA M - - -162 12.0 -165 13.6 BC C
TTI0I5 C F -154 137 —153 139 -16.0 149 NC ESh
TTI115 C F -157 135 - - —16.1 145 BC ESh
TTI2I6 SA M -164 128 -164 121 -165 128 BC C
TTI316 C F - - -146 13.1 —145 143 BC ESh
TTI416 A M -158 114 - - -158 127 BC ESh
TTI516 A F -159 136 -16.9 12.0 -16.8 14.1 BC ESh
TTI616 A F -135 108 - - -143 102 BC ESh
TTI7I6 A M —182 142 —142 135 -174 150 BC O
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ID: TT (T. truncatus), 01: individual number, 14: year of stranding. Age classes: A adult, SA subadult, C
calf. Sexes: M male, F female, ID indeterminate. Area: N C North Coast, B C Boca del Carmen. Ecotype:
O oceanic, C coastal E sh: estuarine shoreline. — no data
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Tagle 2 ISO}?p ic composition Season Group Common name Sp n TP 8"N%o 83C%o
(6°C and 8°N) of the

bottlenose dOIPhifl (Tursiops ) Rainy  Fish Western Atlantic seabream Archosargus rhomboidalis 3 2.9 7.3 -11.0

f;“t’;‘e“%‘rﬁ‘l’lf:“ﬁzgg? species Silver Perch Croaker Bairdiella chrysoura 332 102 —179

Campeche Jenny mojarra Eucinostomus gula 3 27 65 —15.1

Hardhead sea catfish Ariopsis felis 3 32 102 —-153

Crustacean Mantis shrimp Squilla empusa 3 25 95 —-17.2

Spotted shrimppink Penaeus duorarum 3 25 44 —-12.8

Mollusk Squid Lolliguncula brevis 3 32 11.0 —-18.4

Nortes  Fish Western Atlantic seabream Archosargus rhomboidalis 3 2.9 7.8 —-15.0

Jenny mojarra Eucinostomus gula 3 27 92 —18.7

Gafftopsail sea-catfish Bagre marinus 3 35 120 —18.4

Crustacean Spotted shrimppink Penaeus duorarum 3 25 42 —14.2

Blue crab Callinectes similis 3 25 88 —-20.6

Mollusk Squid Loligo sp. 3 32 94 -16.0

Dry Fish Western Atlantic seabream  Archosargus rhomboidalis 3 2.9 7.8 —-135

Silver Perch Croaker Bairdiella chrysoura 3 32 79 —-143

Silver Jenny mojarra Eucinostomus argenteus 3 32 89 —18.1

Hardhead sea catfish Ariopsis felis 3 32 8.0 -17.3

Crustacean Blue crab Callinectes sapidus 3 25 50 -17.7

Atlantic seabob Xiphopenaeus kroyeri 3 25 93 -16.3

Sp. specie, n number of muscle samples, TP trophic position

values from 0O to 0.29 indicate low overlap, values from 0.30
to 0.59 correspond to a mean overlap, and values higher than
0.60 indicate high overlap between categories.

Use of Food Resources

Based on the analysis of the stomach contents of stranded
dolphins (Naranjo-Ruiz et al. 2019) and the most abundant
species in the Terminos Lagoon throughout the year (Irola-
Sansores et al. 2021; Paz-Rios et al. 2022), stable isotope
mixing model in R (SIMMR) was used to infer the rela-
tive contribution of potential prey species to consumers; in
addition, the trophic discrimination factor (TDF), which is
defined as the increase in the isotopic composition of the

by SIMMR to correct the isotopic values of the consumer
(Parnell et al. 2013; Phillips et al. 2014). The proportion of
each prey species was inferred from its isotopic signal under
the assumption that the average isotopic signal represents
100% of the prey consumed.

Trophic Position

To determine if there are differences in the use of resources
in the Terminos Lagoon, the trophic position (TP) of each
dolphin was calculated according to the criteria and equation
proposed by Post (2002):

15 _ <15
TP = A+ 6°N Consumer — 6 °N Base

diet in the tissues of the predator (Fry 2006), was calculated 6'"NAn
Fig.2 Ellipses of different sexes a b
of the bottlenose dolphins (7ur- J -+ Male
siops truncatus) with isotopic 5 2 \ﬂ
values of a liver and b heart 18 9
tissues
14 - 16
£
14 - ¢
127 3
N 12
0
10 1 10 - %
T T T T — 8 T T T
2 A8 16 14 12 -0 18 16 14
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Fig. 3 Ellipses of age classes

of the bottlenose dolphins (Tur-
siops truncatus) with isotopic
values of muscle tissue 1 6

14

815N %o

12

10

-9 Adults
-o- Subadults
Calves

-20

where £ is the trophic position of the isotopic baseline, since
Eucinostomus gula complies with the 3 criteria established
by Post (2002): (1) is a very abundant species in the Termi-
nos Lagoon in all seasons, (2) is part of the T truncatus diet,
and (3) has a trophic position of approximately 2 (Froese
and Pauly 2018). Further, An is the value of fractionation in
8"°N for muscle (3.4 Wilson et al. 2017), §'°N is the

consumer
8'°N value of T truncatus, and 8'°Np, . is the baseline 5'°N.

Results

Seventeen of the 35 dolphins stranded in the Terminos
Lagoon between 2014 and 2016 were selected (44 sam-
ples: 15 from the liver, 16 from the heart, and 13 from the
muscle) according to the degree of decomposition and the
availability of tissues (Table 1). Six were female, ten were
male, and the sex of one could not be determined. Six were
calves, five were subadults, and six were adults. Six of the

| | | |
-18 -16 -14 -12

5'3C %o

stranding events occurred during the dry season, three dur-
ing the rainy season and eight during the nortes season.
Two areas in Isla del Carmen were identified as the area of
stranding, forming two groups according to the geographi-
cal area on the island: Boca del Carmen and the North Coast
(Fig. 1). A total of 12 potential prey species (57 muscle
samples) were analyzed: for the dry season, six prey spe-
cies were analyzed (18 item samples); for the rainy season,
seven prey species were analyzed (21 item samples); and
for the nortes season, six prey species were analyzed (18
item samples) (Table 2).

C:N Ratio, Mathematical Lipid Correction,
and Isotopic Composition

By calculating the C:N ratio, the 8'°C data were adjusted for
tissues that were not within the range proposed; the largest
adjustment was for the liver (2.26%o); the adjustment was
0.83%o for the heart and 0.29%o for the muscle.

Fig.4 Ellipses of ecotypes of _ _
the bottlenose dolphins (Tur- 20 5 e
siops truncatus) with isotopic = Estuarine shoreline
values of heart tissue 18 ,}\\
'
1 6 . \l. —
2 5 o fo- oo ___
£ 14 5 o I \ 1
S { S o, )
4 o |
12 \(‘;"\T~* )
s \
S|
10
8 - T | | T T
20 18 16 14 42
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Fig.5 Ellipses of the bottlenose

dolphins (Tursiops truncatus) 20 i
grouped in two different areas
where they were stranded with 18 -
the isotopic values of the heart
tissue 16 —
£ 14 -
o
125
10
8 |

-8~ Boca del Carmen
@ North Coast

-20

The isotopic composition, particularly 8!°N, pre-
sented a constant decreasing trend among tissues
(heart > liver > muscle; approximately 1%o). However, no
significant differences were found for §!°N (F(2.41)=2.87;
p=0.067) or 8"°C (F54,,=0.96; p=0.39). The iso-
topic composition between the sexes indicated signifi-
cant differences only for §'°C in the liver (F(1.12)=9.64;
p=0.009) and heart (F(; ,3,=9.01; p=0.01). Moreo-
ver, among the age classes, significant differences were
found for 8'°N only in muscle (F(Z,l()) =5.22; p=0.02),
particularly between subadults and calves (MS =0.70,
df =10.00).

There were no significant differences among sea-
sons or years (p>0.05). However, significant differ-
ences were found for 8'°C in heart tissue (F(2.13)=23.50;
p =0.00005), suggesting three groups of dolphins:
Five were recognized as the oceanic ecotype (— 18.0
to — 17.0%o), five were recognized as the coastal ecotype
(= 16.0%o0), and a subgroup of seven dolphins was rec-
ognized as the “estuarine shoreline” ecotype (— 15.0%o).
The heart tissue differed between the two areas where it
was stranded: Boca del Carmen and the North Coast (5'°N
F(114=5.78;, p=0.03).

Isotopic Niche Width

In general, the SEAc values were mostly for generalist eat-
ing habits (> 1), with the exception of the age class, where
the values of the amplitude of the ellipse in muscle were
from specialist feeding habits in subadults (SEAc=0.61).
The SIBER analysis showed that the ellipses had medium
to low overlap (0-0.59) in the following categories: sex
(Fig. 2), age class (Fig. 3), and ecotype (Fig. 4) as well as
between the two stranding areas (Fig. 5), indicating the
existence of different food groups in each category.

-18 -16 -14
51C %o

Trophic Position

A representative species in the Terminos Lagoon was E. gula,
which had a 8'°N value of 6.50%0, and its trophic position was
used as the baseline (TP =2.7). For dolphins, the trophic posi-
tion varied between 4.2 and 5.6, with an average of 4.7 +0.3,
and differed between the two stranding areas (ANOVA:
F(115y=7.4341, p=0.01). The highest levels occurred in
the North Coast, varying from 4.2 to 5.1, with an average of
4.5 +0.3; in contrast, in Boca del Carmen, the trophic position
varied from 3.4 to 4.4, with an average of 4.1 +0.2.

Use of Food Resources

To detect seasonal differences in the proportions of prey
consumed, the liver (Phillips et al. 2014; Vander-Zanden
et al. 2015) and heart (because of the similar behavior of
isotopic variation with the liver) are likely to be the most
appropriate since they have a higher rate of isotopic turnover
than muscle has.

The trophic discrimination factor (TDF) values were
similar among tissues: 3.9 +0.1 for liver AN and 1.1+0.5
for A3C. For the heart, AN was 3.8+0.5, and A'>C was
0.8 +0.3. For muscle, AN was 3.9+0.5, and A"C was
0.6 +0.0.

The prey contributions in muscle among the age classes
were compared (Fig. 6). During the rainy season, the squid
L. brevis made the greatest contribution to adults, subadults,
and calves, with 37%, 37.7%, and 72.8%, respectively. In the
nortes season, for adults, the greatest contribution was made
by the blue crab C. similis (28.7%); for subadults and calves,
the greatest contribution was made by the gafftopsail sea-
catfish B. marinus (33.1% and 53.9%, respectively). During
the dry season, the silver jenny mojarra E. argenteus had the
greatest contribution to all age classes, with 33.4%, 28.8%,
and 30.7% for adults, subadults, and juveniles, respectively.
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Fig.6 5N vs. 8'3C biplots of
the values of the prey species of
the Terminos Lagoon (+ stand-
ard deviation) and the values of
the bottlenose dolphin adults
(Tursiops truncatus) (white
circles) in different seasons
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Prey species

Fig.7 SIMMR modeling of the relative contributions of prey species to the heart tissue of the bottlenose dolphin (Tursiops truncatus) between

the two stranding areas during different seasons at the Terminos Lagoon

The greatest contributions of prey to the heart tissue of
dolphins (Fig. 7) stranded in Boca del Carmen during the
rainy season were made by the mantis shrimp S. empusa
(27.9%) and the squid L. brevis (22.5%). In the nortes and
the dry seasons, the greatest contributions were made by
the jenny mojarra E. gula (27.3%) and the silver jenny
mojarra E. argenteus (57.8%), respectively. In the case
of the North Coast, these dolphins received more specific
contributions; for the rainy season, the major contribution
was made by the squid L. brevis (59.3%); for the nortes
season, the major contribution was made by the gafftopsail
sea-catfish B. marinus (43.6%); and for the dry season, the
major contribution was made by the silver jenny mojara E.
argenteus (40.8%).

Discussion

Ecological studies of marine species that lack visible physi-
cal barriers are challenging (Hobson 1999; Fruet et al.
2017); the use of stable carbon and nitrogen isotopes can
overcome this problem (Newsome et al. 2010). Intraspecific
variations in stable isotopes are key in biological conserva-
tion because intraspecific and interindividual variations in
stable isotopes reveal information about resource partition-
ing (Fernandez et al. 2011; Parra et al. 2022) and residence
(Hobson 2007).

C:N Ratio

Cetaceans are aquatic organisms that store large amounts of
fat that help them maintain their temperature in the aquatic
environment (Iverson 2009). A large amount of fat stored in
tissues can be reflected by high C:N values (> 3.4). Previous
studies have shown that the equation proposed by Post et al.
(2007) is feasible for comparison of the results obtained
from mathematical correction versus chemical lipid extrac-
tion, where the results are similar without damaging the
nitrogen isotopic signal (Hardt et al. 2013; Giménez et al.
2017). In the present study, with dolphin tissues, the liver
(a lipid reservoir: Reynolds and Rommel 2009) was shown
to be a good fit after correction, so mathematical correction
has been used as an effective way to avoid the influence of
lipids.

Trophic Discrimination Factor

Discrimination or enrichment in isotopes is the result of
assimilation and synthesis of the source: 8'°N reflects the
intake of protein in the diet and the excretion of endogenous
nitrogen in the urine, and 8'*C reflects the quality of the food
(Post 2002) and is lost through respiration. In each case, the
discrimination or enrichment in isotopes is measured as the
difference between the isotopic value of the consumer’s body
and the isotopic value of the diet.

@ Springer
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The values obtained for the TDF of both isotopes did
not differ among tissues, which allowed us to validate the
isotopic equilibrium. 7. truncatus in the Terminos Lagoon
had TDF 8N muscle values (AN 3.9) similar to those
found on the coasts of Florida (AN 3.4; Wilson et al. 2017)
and Galicia (AISN 3.3; Fernandez et al. 2011); these similar
values of AN indicate that these coastal dolphins feed on
prey of similar trophic levels in different parts of the world.
Therefore, the TDF calculated in the present study is the
first in the southeastern Gulf of Mexico and can be used as a
reference point for future studies of dolphins in similar tropi-
cal coastal ecosystems; this approach could help to achieve
a better fit in mixing models (Phillips et al. 2014) and in
trophic position calculations.

Use of Multiple Tissues

Since the rate of isotopic turnover differs between tis-
sues, the use of multiple tissues here provides more robust
information on trophic dynamics at different time scales.
Thus, the short-term differences are reflected in the values
measured in the liver or the heart compared to the long-
term differences shown by the muscle (MacNeil et al. 2005;
Carter et al. 2019), which remain stable throughout the
seasons. Several authors mention that isotope enrichment
in consumers occurs during the assimilation of carbon and
nitrogen from the diet; thus, the importance of knowledge
enrichment among tissues allows us to provide the basis
for a better understanding of dietary sources and trophic
position (Chen et al. 2012).

In the present study, which included tissues from the dol-
phins T. truncatus, the enrichment of the heart above the
other tissues was similar to the results obtained by Hobson
et al. (1996), where the §'°N values obtained for the heart
and liver of sea lions were the same at 16.1%o, while the
muscle was less enriched at 15.4%0. Hussey et al. (2010)
reported that the heart was more enriched in '°N than other
tissues, such as the liver and muscle. These differences can
be related to the amino acid composition among tissues that
can generate variations in isotopic composition (Newsome
et al. 2010).

Isotopic Niche Width

In aquatic ecosystems, higher 8'3C values indicate
more coastal regions (> — 16%o) than oceanic regions
(< —=18%0) (Graham et al. 2010; Newsome et al. 2010),
which can be reflected in the isotopic composition of
individuals (Barros et al. 2010; Diaz-Gamboa et al. 2017,
Fernandez et al. 2011; Wilson et al. 2017). In this study,
the isotopic data of 8'3C obtained from the tissues of dol-
phins functioned as a tool for inferring the unknown origin
of stranded carcasses.

@ Springer

In this study, it was possible to statistically differentiate
the three groups. The oceanic ecotype (— 18%o) presented
the most negative values of 8'3C, and the rest were consid-
ered coastal ecotypes (— 16%o); however, a subgroup of dol-
phins was named “coastal-shoreline” (— 15%o) due to its iso-
topic signal being even more enriched in 8!°C than it was in
other coastal individuals, and this subgroup was composed
mainly of females. An important area for females in terms
of breeding and feeding is the mouths of rivers (Secchi et al.
2016), such as the mouth of the Candelaria River and the
Panlao Lagoon in the Terminos Lagoon (Delgado-Estrella
2002). These results are consistent with the sexual segrega-
tion behaviors observed (Morteo et al. 2014), indicating that
this behavior occurs not only for genetic flow purposes but
also in relation to food.

For the coastal ecotype, isotopic equilibrium indicates
a home environment, verifying the potential residence
and almost exclusive feeding site (Hobson 2007; Sinisalo
et al. 2008; Torres-Rojas et al. 2014; Germain et al. 2011).
Whereas those who presented slight variations in 8'3C sig-
nals among tissues showed changes in feeding sites within
the same lagoon, these changes occurred mainly in males,
who are recognized for exhibiting broader movements in the
ecosystems that they inhabit (Morteo et al. 2014). Hence, the
Terminos Lagoon represents a valuable site for the feeding,
sheltering, breeding, and growth of T. truncatus.

Trophic Position and Use of Food Resources

Each generalist population is composed of individual spe-
cialists who take advantage of a small portion of the niche
(Bolnick et al. 2002); by analyzing the variations in the iso-
topic composition, mainly in 8'°N, it can be inferred whether
the eating habits have a broad or narrow spectrum (Bearhop
et al. 2004; Jackson et al. 2011). In present study, it was
determined that two groups of resident dolphins in a sem-
ienclosed body of water take advantage of the resources at
different times and in different proportions. This finding sup-
ports niche theory, in which the distribution of resources is
established as a coexistence strategy (Bearzi 2005; Loizaga
de Castro et al. 2017).

The TP value 4.3 calculated in this study from the §'°N
isotopic data coincided with those obtained by Naranjo-Ruiz
et al. (2019), based on the analysis of the prey obtained from
the stomach contents of 7. truncatus in the Terminos Lagoon
Flora and Fauna Protection Area. The trophic level obtained
is that of a top predator (Cortés 1999).

The differences among age classes indicated changes in
feeding throughout the growth of dolphins, as their energy
demand varies across developmental stages (Secchi et al.
2016). These changes were reflected in the muscle, which
is a tissue that undergoes greater turnover during the
growth of the organisms (Newsome et al. 2010). Notably,
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the calves were above the level of adults and subadults;
these values are common in calves because they were
breastfeeding, which makes them become enriched with
signals from their mothers (Fernandez et al. 2011).

Subadults segregate themselves from herds and create
associations with other juveniles (McHugh et al. 2011
and Morteo et al. 2014), stop obtaining food from their
mothers (lactation), and practice hunting techniques and
improvements, forcing them to reduce their dietary vari-
ety (Rossman et al. 2015). Knowledge of these supposed
specializations is highly relevant because coastal dolphins
become vulnerable populations, as they are subjected to
habitat loss and competition for prey with humans, reduc-
ing their food source availability.

Differences in §!°N values in active tissues that reflect
changes in short periods of time revealed that at least two
subpopulations consumed the same prey species available
but in different ways based on the prey species and their
proportions in the tissues. Dolphins stranded in the North
Coast area tended to take advantage of food resources
in a more specific way, with contributions of specific
prey species in the dolphin tissues each season, than
did the dolphins of Boca del Carmen, which had similar
contributions from various prey species throughout the
seasons. These findings could be related to differences
in prey availability and habitats in the Terminos Lagoon
(Irola-Sansores et al. 2020; Paz-Rios et al. 2022). These
variations in the proportions of the prey allow us to know
how, despite having the same prey available, they dis-
tribute these resources at different times and in different
proportions.

In the present study, it was found that most of the bot-
tlenose dolphins that were stranded in the marine portion
of Isla del Carmen were residents of the Terminos Lagoon.
A subgroup of the coastal ecotype that mainly included the
estuarine zones of the lagoon was identified. Resident dol-
phins presented sexual and trophic segregation, while by
age class, the subadults exhibited specialist eating habits.
Similarly, two groups of dolphin residents related to the
stranding area in the island reflected a used different food
resource in the lagoon. The importance of the Terminos
Lagoon as a habitat where Tursiops truncatus plays an
important role as a regulator of the ecosystem was verified,
as it is a top predator that maintains balance in the function-
ing of the ecosystem.
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