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Abstract
The white shark Carcharodon carcharias has been present in the Mediterranean Sea since 3.2 million years ago. 
Nevertheless, the current population shows a low genetic variability suggesting an endangered small population, on 
which there is scarce information regarding ecotoxicology or trophic ecology. Given that white shark’s sightings are rare 
in the Mediterranean and the possibility of obtaining samples is highly limited, the aim of this research was to provide 
general information regarding the concentration of trace elements and stable isotopes (δ15N and δ13C). Laboratory 
analyses were performed on 18 and 12 subsamples from two different white sharks’ vertebrae obtained from two adult 
specimens caught in 1987, in Favignana Island, Italy. Perforations were made along the vertebrae to describe both trace 
elements and stable isotopes at different life stages. A total of 38 trace elements were analysed, in which the highest 
concentrations were found in Fe, Sr, U, Pb, and Zn. The fluctuations of these elements during the ontogeny of both 
individuals could have been related to changes in diet and environment, although the specific origin remains unknown. 
Regarding stable isotopes, the vertebrae from the male showed an isotopic range from 9.6‰ to 10.8‰ (δ15N) and from 
−16.5‰ to −13.0‰ (δ13C) with a mean ± SD value of 10.3 ± 0.4‰ for δ15N and −14.6 ± 1.3‰ for δ13C; whereas the 
female vertebrae had an isotopic range from 9.8‰ to 11.1‰ (δ15N) and from −16.9‰ to −15.0‰ (δ13C), with a mean ± 
SD value of 10.8 ± 0.6‰ for δ15N and −15.8 ± 0.8‰ for δ13C. There were no significant δ15N differences (U = 6, 
p = 0.07346) between the two individuals. However, there were just significant differences in δ13C (t = −1.8, 
p = 0.049256), which could suggest sexual segregation in terms of habitat use and feeding habits.
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Introduction

The white shark Carcharodon carcharias (Linnaeus, 
1758), is a lamniform species that has an essential 
role in the maintenance and function of coastal and 
pelagic ecosystems (Huveneers et al. 2018). As with 
other top predators, a reduction in their numbers 
could result in relevant affectations to the health of 
marine ecosystems by causing ecological cascade 
effects with rather marked environmental conse-
quences (Ferretti et al. 2010).

The white shark is a protected species in countries 
such as South Africa, Australia, New Zealand, Mexico, 

and the United States and it is globally listed as 
Vulnerable since 1996 (Fergusson et al. 2009). In the 
Mediterranean Sea, the white shark has been present 
since the Pliocene (3.2 million years ago), with 
a population that originated from the dispersion of the 
Pacific-Australian paleo-populations (Leone et al. 
2020). However, the current white shark population 
of the Mediterranean shows a significantly low rate of 
genetic variability that could suggest a small number of 
individuals in danger of extinction. Accordingly, the 
white shark population from the Mediterranean is listed 
as critically endangered by demonstrating a decline of 
52–96% of its population (Moro et al. 2019).
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The causes of a drastic decrease in the white shark 
population of the Mediterranean are related to the 
increasingly invasive anthropogenic activities, over-
exploitation, marine pollution, climate change, and 
habitat destruction, along with the intrinsic charac-
teristics of the species such as a slow growth rate, 
low fecundity and late sexual maturity (Huveneers 
et al. 2018; Moro et al. 2019). In addition, marine 
top predators like the white sharks are strongly 
affected by changes in the quality of the environ-
ment in which they inhabit and, given that elasmo-
branchs integrate the toxic effects of trace elements 
by means of a complex trophic network, they can be 
considered as bioindicators of environmental pollu-
tion (Pethybridge et al. 2010; Mathews & Fisher 
2009; Barrera-García et al. 2012).

Given that white shark’s sightings are rare in the 
Mediterranean and the possibility of finding sam-
ples is scarce, the present study provides novel data 
regarding trace elements and stable isotopes of two 
white shark specimens accidentally caught in 1987 
in the Sicily Channel, Italy. In this regard, our aim 
is to contribute to the understanding of the bioac-
cumulation of trace elements in vertebrae of white 
sharks and describe the spatial and trophic niche of 
these specimens through the study of stable iso-
topes of δ15N and δ13C.

Materials and methods

Collection of samples

Analyses of trace elements were performed on 18 
vertebrae subsamples while stable isotopes 
(δ15N and δ13C) were analyzed in 12 vertebrae sub-
samples belonging to a pair of white shark specimens 
accidentally caught in a tuna trap off Favignana 
Island, Italy, in early September 1987. Vertebrae 
were obtained from the caudal area and preserved 
for museum and scientific purposes. The female 
shark (sample V1) measured 5.40 m total length 
(TL) and a weight of 2.35 tons (Figure 1(a,b)), 
while the male (sample V2) measured 4.50 m TL 
and weighed 1.80 tons. In regard to stomach con-
tents, a total of 20 Atlantic bluefin tuna (Thunnus 
thynnus) and an entire 200 kg dolphin (probably 
bottlenose dolphin, Tursiops truncatus) were found 
inside the female white shark., while stomach of 
the male specimen was empty.

Trace elements analyses

Trace elements in ppm (parts per million or mg/kg) 
were analyzed in the vertebrae of the two specimens 
through the Laser Ablation associated with 
Inductively Coupled Plasma Mass Spectrometry 

Figure 1. Female white shark from Favignana (a, b). Vertebra V1 obtained from the caudal region of the female white shark (c). Detail of 
the V2 male vertebra where Te is the perforation made for trace elements analysis and Si for stable isotopes analysis (d).
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(LA-ICP-MS; De Donato et al. 2017; Barca et al. 
2019). In addition to the LA-ICP-MS, the electron 
probe micro-analyser with an energy-dispersive 
X-ray spectrometry (EPMA-EDS) were also used 
for the analysis of the major elements in order to 
detect the presence of elements with concentrations 
higher than 0.2 wt % (Shoval 2018). The instru-
ment used for this study was the result of the com-
bination of a New Wave Research UP213 Nd-YAG 
Laser (213 nm) and an Elan DRCe Inductively 
Coupled Plasma Mass Spectrometer (Perkin 
Elmer/SCIEX). The ICP-MS was controlled 
through the ELAN management software provided 
by Perkin Elmer, while data were filtered through 
the GLITTER software of Gemoc Macquarie 
University.

The NIST SRM 612–50 ppm (nominal concen-
tration) glass, produced by the National Institute of 
Standards and Technologies and the reference glass 
BCR-2 G (Basalt Columbia River) supplied by the 
USGS (United States Geological Survey), both used 
as not standard samples (Pearce et al. 1997), were 
implemented as external calibration standards. 
Calcium (43Ca), determined through EMP 
(Electron Microprobe) analysis, was used as internal 
standard with a concentration of 50% (Fryer et al. 
1995). Once the instrument was calibrated, the ver-
tebrae fixed on a slide with their respective codes 
were inserted inside the ablation chamber to carry 
out, under vacuum, the nebulisation of samples with 
the laser through the perforations. Ten perforations 
and eight perforations were made, respectively, on 
the vertebrae of the female (V1) and male (V2); in 
both cases, the perforations were carried out follow-
ing a transect that extended from the central part to 
the periphery, in order to pick up vertebral material 
that had gradually accumulated during the ontogeny 
of each shark (Figure 1(c,d)).

Further analyses were performed with the use of 
the EPMA-EDS to detect major elements such as 
Na2O, MgO, SO3, CaO, P2O5, and Cl. The EPMA- 
EDS was a JEOL-JXA 8230 equipped with an EDS– 
JEOL EX-94310FaL1Q spectrometer. The EPMA/ 
EDS conditions were those used in the previous 
studies (Barca et al. 2019). For this type of analysis, 
samples were partially metallised in order to make 
the surface conductive and to reduce the effects 
related to electrostatic charges. To metallise the 
sample, the conductive carbon sputter coating was 
deposited on the sample for a thickness of 200 ang-
stroms (Å) by means of vacuum thermal vaporisa-
tion (Sweatman & Long 1969). In this case, three 
analyses were carried out on each sample, always 
starting from the centre of the vertebrae towards 

the periphery. Production of the tables on the results 
of trace elements and the graphs relating to the 
concentrations of iron (Fe), strontium (Sr), uranium 
(U), and lead (Pb) were carried out using the Excel 
16.0.12 program.

Stable isotopes analysis

Subsamples were obtained at each millimetre from 
the centre to the periphery of each vertebrae (Figure 
1(c,d)) using a Proxxon Micromet 50/E micro drill 
with a 0.8 mm diameter drill tip and the sample 
stored in Eppendorf tubes. From each subsample, 
a total of 1 mg was placed in a silver capsule (3.2 
x 4 mm) for the removal of inorganic carbon 
through an acidic steam bath. In this process, the 
subsamples were exposed to HCl Ultrex steam 37% 
in a sealed container for 24 h (Hedges & Stern 
1984). Stable isotope analyses were carried out in 
the Laboratory of Environmental Biochemistry of 
the Interdisciplinary Center of Marine Sciences 
(CICIMAR-IPN) using a Delta V isotope ratio 
mass spectrometer. Isotopic ratio for δ15N and 
δ13C were estimated using the next equation:

δX ¼
Rsample � Rstandard

Rstandard
� 1000 

where X = difference in isotopic composition 
between sample and standard in parts per thousand 
(‰); and R = ratio of the heavy isotope to the light 
isotope. The standard for δ13C was Pee Dee 
Belemnite (PDB), while the standard for δ15N was 
atmospheric nitrogen. The obtained values of 
δ13C and δ15N were compared using a Student’s 
t-test for data with a normal distribution and 
a Mann-Whitney U test for data with a non- 
normal distribution.

Results

Trace elements

The concentration of elements in the ten selected 
points along the female vertebral surface, starting 
from the central part of the vertebra (V1-A) to the 
outermost one (V1-L) is shown in Table I. 
Regarding the male V2 vertebra sample, the concen-
tration of elements in the eight selected points along 
the vertebral surface (from V2-A to V2-H) is shown 
in Table II. From these results and due to their 
importance, the concentrations of nickel (Ni), bar-
ium (Ba), and cadmium (Cd) were analysed in 
detail, since these elements have been related to 
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the different physicochemical characteristics of the 
surrounding environment and the diet of white 
sharks in terms of bioaccumulation and biomagnifi-
cation. Analyses of major elements such as sodium 
(Na), calcium (Ca), manganese (Mg), sulphur (S), 
chlorine (Cl), and phosphorus (P) indicate the pre-
sence of a correlation with the growth of each 
animal. Ca, the most concentrated element 
(V1 = 26.15 ppm and V2 = 34.14 ppm on average 
from the three analysed subsamples) increased in 
the V1 female sample from the centre of the vertebra 
(V1_03) to the outermost part (V1_01). However, 
in the V2 male sample there was a fluctuation of 
elements, mainly for Cl, Ca, and Na.

The second element regarding its concentration was 
P (V1 = 17.98 ppm and V2 = 22.01 ppm on average 

from the three subsamples), where an increase from 
the juvenile (V1_03) to the adult phase (V1_01) was 
evident in the female V1 sample, with an oscillation in 
the male V2 sample. Data relating to the percentages 
of major elements are reported in Tables III and 
Tables IV. The concentration (ppm) of some of the 
trace elements present during different stages of the 
sharks’ biological cycle are reported according to Fe 
(Figure 2(a)), Sr (Figure 2(b)), U (Figure 2(c)), and 
Pb (Figure 2(d)).

In order to validate the use of element profiles 
within shark vertebrae, we established whether the 
vertebral centre matrix and its associated elements 
were stable. The null hypothesis is that has been no 
exchange of Ca and other elements through onto-
genesis (Doyle 1968). Results of Tables I, Tables II, 

Table I. Concentration of elements in 10 selected points along the vertebral surface, starting from the central part of the vertebra (V1-A) to 
the outermost one (V1-L).

Element V1-A V1-B V1-C V1-D V1-E V1-F V1-G V1-H V1-I V1-L

S 0.31 0.4 0.2 0.84 0.34
Ti 55.45 132.33 91.16 102.17 45.12 44.84 29.51 43.57 15.4 12.13
V 2.01 4.51 2.57 5.09 1.34 1.35 2.47 1.87 1.4 0.48
Cr 2.61 4.63 5.68 3.32 2.64 3.84 1.95
Mn 20.56 39.63 28.74 28.68 21.54 20.52 36.49 26.86 16.3 13.05
Fe 223 1477 689 1045 498 239 472 711 624 290
Co 0.58 0.97 0.87 1.37 0.35 1.61 1.28 0.72 0.42 0.35
Cu 5.26 5.51 5.58 6.61 2.54 3.4 4.36 5.72 3.49 2.95
Ni 2.07 2.88 2.09 3.33 1.91 2.38 2.13 1.66 1.29 0.62
Zn 194 210 251 262 139 140 239 181 97 87
As 1.46 1.94 0.36 0.66 0.89 0.69 1.1
Rb 1.14 3.55 1.83 3.65 1.35 0.94 2.27 3.18 0.86 0.77
Sr 1257 1268 1312 1363 1346 1246 1344 1257 1262 1418
Zr 0.45 0.74 0.43 0.86 0.13 0.24 0.56 0.4 0.18 0.05
Nb 0.1 0.31 0.22 0.2 0.11 0.29 0.16 0.27 0.08 0.03
Mo 0.11 0.12 0.22 0.15 0.1 0.29 0.16 0.24 0.35 0.13
Cd 0.27 0.13 0.2 0.54 0.19 0.21 0.56 0.17 0.23
Sn 0.44 0.89 0.94 1.01 0.59 0.44 1.28 0.84 0.27 0.31
Sb 6.41 0.76 0.36 0.66 0.56 0.66 51.01 0.66 0.23 0.25
Cs 0.19 0.39 0.18 0.26 0.19 0.09 0.22 0.15 0.12 0.02
Ba 24.79 26.97 63.52 67.01 21.15 18.03 24.54 206 14.33 14.61
La 0.19 0.42 0.28 0.45 0.13 0.32 0.22 0.24 0.07 0.09
Ce 0.67 1.64 1.29 1.55 1.23 0.72 0.52 1.5 0.37 0.31
Pr 0.04 0.23 0.1 0.1 0.07 0.06 0.07 0.13 0.03 0.03
Nd 0.3 0.49 0.24 0.37 0.13 0.19 0.08 0.24 0.03 0.07
Sm 0.08 0.11 0.06 0.08 0.14 0.02 0.26
Eu 0.03 0.04 0.05 0.01
Gd 0.04 0.04 0.1 0.07 0.05 0.07 0.19
Tb 0.01 0.01 0.02 0.01 0.02 0.03 0.01
Dy 0.03 0.05 0.04 0.05
Ho 0.01 0.01 0.01 0.01 0.03 0.02
Er 0.08 0.07 0.18
Tm 0.02 0.01 0.01
Yb 0.04 0.08 0.03 0.06
Lu 0.01 0.01 0.01 0.02 0.01
Pb 194 190 213 229 57.8 66.74 98 93 60.77 27.61
Th 0.04 0.37 0.01 0.07 0.01 0.03 0.05 0.03 0.04
U 0.18 0.42 0.37 0.44 0.23 0.41 0.29 0.41 0.28 0.17
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and Tables III provide evidence that the reworking 
of elements within vertebrae was minimal. In fact, 
the two sharks’ element profiles were different and 
did not follow any trend during growth, which could 
evidence the effect of environmental conditions.

Stable isotopes

The two white shark vertebrae showed different iso-
topic values (δ15N and δ13C). The male individual 
(seven growth layers) presented an isotopic range 
from 9.6‰ to 10.8‰ (δ15N) and from −16.5‰ to 
−13.0‰ (δ13C); these showed a mean ± SD value of 
10.3 ± 0.4‰ for δ15N and −14.6 ± 1.3‰ for 
δ13C. The female individual (five growth layers) 
presented an isotopic range from 9.8‰ to 11.1‰ 
(δ15N) and from −16.9‰ to −15.0‰ (δ13C), 

displaying a mean ± SD value of 10.8 ± 0.6‰ for 
δ15N and −15.8 ± 0.8‰ for δ13C (Table V). Overall 
there were no significant differences (U = 6, 
p = 0.07346) between the two individuals in terms 
of δ15N mean values; however, there were significant 
differences (t = −1.8, p = 0.049256) in the case of 
δ13C; both at a significance level of 0.05. 
Nevertheless, a higher δ15N value was observed in 
the female vertebrae when compared to the male 
values, especially, near the centre of the vertebrae. 
In contrast, values of δ13C were higher in all verteb-
rae samples of the male (Figure 3).

Discussion

The present study constitutes the first stable isotope 
and trace element observations made in the critically 

Table II. Concentration of elements in the eight selected points along the vertebral surface of the V2 vertebra from the central part of the 
vertebra (V2-A) to the outermost one (V2-H).

Element V2-A V2-B V2-C V2-D V2-E V2-F V2-G V2-H

Sc 0.21 0.19 0.32 0.16 0.3 0.32
Ti 20.38 20.16 30.9 24.97 42.22 25.8 11.28 12.58
V 2.03 1.47 0.83 0.92 1.31 1.45 0.88 0.35
Cr 3.34 1.73 2.6 3.07 5.02 1.81 3.59 0.59
Mn 20.74 19.42 21.46 17.8 24.35 15.45 10.54 10.84
Fe 203 195 463 309 544 216 223 260
Co 7.95 0.22 0.58 0.76 1.18 3.16 1.21 0.54
Cu 3.67 3.06 4.17 5.03 5.5 2.74 2.38 2.13
Ni 1.28 1.21 2.37 1.53 2.68 2.01 1.47 7.57
Zn 202 114 392 253 255 204 325 145
As 0.4 0.41 0.36 0.54 0.63 0.35 1.19 0.17
Rb 0.72 0.88 0.66 0.93 1.15 1.16 1.04 0.76
Sr 1073 957 1097 1167 1140 1191 1163 1024
Zr 0.24 0.16 0.26 1.63 0.32 0.21 0.23 0.12
Nb 0.11 0.07 0.03 0.07 0.11 0.09
Mo 0.08 0.11 0.11 0.2 0.22 0.15 0.21 0.07
Cd 0.23 0.08 0.29 0.11 0.18 0.06 0.12 0.16
Sn 0.37 0.79 0.54 0.41 0.63 0.54 1.21 0.96
Sb 0.19 0.19 0.26 0.15 0.43 0.23 0.08
Cs 0.03 0.07 0.06 0.05 0.08 0.11 0.07 0.07
Ba 20.2 19.26 17.4 21.07 22.67 17.99 16.22 17.37
La 0.07 0.08 0.07 0.07 0.13 0.18 0.15 0.03
Ce 0.4 0.22 0.27 0.27 0.65 0.44 0.36 0.17
Pr 0.07 0.03 0.03 0.04 0.04 0.04 0.05 0.01
Nd 0.12 0.06 0.05 0.05 0.14 0.1 0.07 0.07
Sm 0.03 0.07 0.1
Eu 0.01 0.01 0.02 0.02 0.03
Gd 0.01
Tb1 0 0 0 0.01 0.01 0.01 0
Dy 0.03 0.02 0.04 0.02
Ho 0 0.01
Er 0.02 0.02
Tm 0 0
Yb 0.01 0.02 0.07
Lu 0 0.02 0.01 0.01 0.01
Pb 23.09 14.95 24.87 20.51 26.56 13.48 16.05 12.5
Th 0.01 0.01 0.04 0.02 0.07 0.01 0.02 0.02
U 0.14 0.2 0.18 0.11 0.15 0.14 0.14 0.38
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endangered population of white sharks in the 
Mediterranean. Although these observations come 
from only two specimens, the use of both historical 
samples provides a faithful perspective of the accu-
mulation of potentially toxic elements and the 
trophic ecology of the white shark in the 1980s. In 
this regard, this research can be considered as 
a baseline for future studies in this population, 

which will allow an appropriate evaluation in further 
studies regarding the ecotoxicology and ecology of 
the white shark in this highly exploited sea.

Trace elements

Analyses with LA-ICP-MS indicate a high accumu-
lation of specific elements in both sharks. Different 
concentrations of metals and non-metals in the spe-
cimens seem to have been influenced by various 
factors, such as belonging to a particular trophic 
level, diet, and ecology (Turoczy et al. 2001; 
Pethybridge et al. 2010). Lamnid sharks, that 
occupy high trophic levels (Cortes 1999), usually 
evidenced high concentrations of metals and non- 
metals which in turn are associated with a diet con-
sisting of large teleost fish, other elasmobranchs, and 
marine mammals (Capelli et al. 2008; Barrera- 
García et al. 2012).

White sharks from the Mediterranean showed sig-
nificant high concentrations of Fe and Zn. In parti-
cular, Fe concentration can vary seasonally, being 
lower in winter and spring and higher in summer 
and autumn because its iron could increase along 
with salinity values (Mance & Campbell 1988).In 
this regard, both vertebrae showed the increase and 
decrease of Fe concentration which followed 
a trend, probably related to the seasonal changes in 
the environment (Mance & Campbell 1988). In 
addition, in the sample V1 it was possible to notice 
a peak in the increase of Fe; while the sample V2 
evidenced levels of Fe lower than V1 which could be 
related to a different diet between both sharks.

Table III. Concentration of major elements in the three selected 
points along the white shark vertebrae V1.

Sample 1 NA2O MGO SO3 CAO P2O5 CL Total

V1_01 1.12 0.75 1.12 29.23 20.65 0.08 52.93
V1_02 1.44 0.67 1.63 27.35 20.58 0.09 51.74
V1_03 1.76 0.89 1.53 21.88 12.69 0.17 38.88
Minimum 1.12 0.67 1.12 21.88 12.69 0.08 38.88
Maximum 1.76 0.89 1.63 29.23 20.65 0.17 52.93
Mean 1.44 0.77 1.43 26.15 17.98 0.11 47.85
Dev. Std 0.32 0.11 0.27 3.82 4.58 0.05 7.79

Table IV. Concentration of major elements in the three selected 
points along the white shark vertebrae V2.

Sample 2 NA2O MGO SO3 CAO P2O5 CL Total

V2_01 1.70 0.78 0.71 34.54 14.42 0.06 52.19
V2_02 1.71 0.63 0.85 36.28 26.78 0.16 66.37
V2_03 0.87 0.37 0.30 31.61 24.82 0.06 58.02
Minimum 0.87 0.37 0.30 31.61 14.42 0.06 52.19
Maximum 1.71 0.78 0.85 36.28 26.78 0.16 66.37
Mean 1.42 0.59 0.62 34.14 22.01 0.09 58.86
Dev. Std 0.48 0.21 0.28 2.36 6.64 0.06 7.13

Figure 2. Fe (a), Sr (b), U (c), Pb (d) concentrations according to the ten (from A to L) and eight (from A to H) perforations selected 
along the vertebral surface of the female V1 (red triangle) and male V2 (blue circle) samples.
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Zn is an essential element that is easily bioaccu-
mulated in marine species, although its accumula-
tion process is interrupted when concentrations 
highly increase. For this reason, even in the presence 
of high concentrations of Zn, it is difficult to explain 
its toxicological significance (Mathews & Fisher 
2009). Individuals investigated in this study were 
mature and included large bony fishes and marine 
mammals in their diet that have a greater number of 
proteins capable of binding to Zn, which could be 
a partial explanation of the observed concentrations 
(Wang & Zhang 2006).

Previous studies in vertebrae from South African 
white sharks have evidenced the presence of trace 
elements in this population (Christiansen 2011). In 
the case of Sr, the average calculated by 
Christiansen (2011) was 1100 mg/kg, similar to the 
1,307.3 mg/kg found in the present study. However, 
it is necessary to consider the relationship between 
temperature and accumulation rates of Sr in biomi-
neralized structures (Has-Schon et al. 2006), along 
with the fact that white sharks can spend more time 
in oceanic areas after subadult stages (Bonfil et al. 
2005; Weng et al. 2007) and are able to dive in deep 

waters according to an increase in body size (Bonfil 
et al. 2005; Weng et al. 2007). Although individuals 
caught in this study were adults, a decrease in Sr 
concentrations was not observed according to age, 
suggesting that both sharks likely occupied areas 
with homogeneous temperatures.

Regarding the trend of uranium (U), high quan-
tities were found in the Mediterranean white shark 
samples, with an average of 0.32 mg/kg between the 
two individuals, while in sharks considered by 
Christiansen (2011) the average was 0.066 mg/kg. 
A consistent pattern of increase in the amplitude of 
the oscillations of U along the two analyzed verteb-
rae were observed. High concentrations of U were 
already present in the first years of life of the white 
sharks and remained preserved during their growth. 
This increase in the amplitude of oscillations with 
the shark growth could indicate that individuals 
changed habitats once they reached a certain size 
(>200 cm), using a specific habitat on a seasonal 
basis where U was present in higher concentrations. 
In addition, it has been suggested that white sharks 
can begin to feed on marine mammals when they 
reach 200 cm TL (Hussey et al. 2012) and the 
increase in U may indicate that the change in habitat 
was related to a change in feeding habits.

As for lead (Pb) concentrations, an average of 
0.40 mg/kg was calculated for South African white 
sharks related to a variable intake of Pb during 
growth (Christiansen 2011). Within Mediterranean 
samples, a different pattern was observed, in which 
the female specimen (V1) showed an average intake 
of Pb of 123 mg/kg with a minimum of 27.61 mg/kg 
and a maximum of 229 mg/kg. The greatest quan-
tities of Pb were found all within the early stages of 
life, reaching the maximum peaks and then reducing 
in the intermediate stages, and then getting the 
minimum values before death. A different trend 
was found for the male, with an average of 19 mg/ 
kg, maintaining these values throughout its life. The 
difference would indicate that the first specimen, the 
female, underwent a not-constant intake of Pb 

Figure 3. Values of δ15N (a) and δ13C (b) from the male (blue circle) and female (red triangle) white shark vertebrae from the 
Mediterranean Sea (n = 12 samples).

Table V. δ15N and δ13C values in the samples of the male and 
female C. carcharias samples of vertebrae from the 
Mediterranean. Location in vertebrae from the centre to the 
periphery.

Sample Vertebrae location δ15N δ13C

Male1 0 10.14 −15.29
Male1 1 9.63 −16.52
Male1 2 9.83 −15.95
Male1 3 10.20 −14.12
Male1 4 10.75 −13.92
Male1 5 10.64 −13.03
Male1 6 10.68 −13.52
Female1 1 9.78 −15.73
Female1 2 10.86 −16.91
Female1 3 11.11 −16.38
Female1 4 10.99 −15.12
Female1 5 11.07 −15.03
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probably related to its diet, in which it could have 
fed on prey with higher concentrations of lead such 
as cephalopods or small fishes, and then changed its 
diet by feeding on prey with lower concentrations of 
lead, such as large fishes or marine mammals 
(Barrera-García et al. 2012). In this regard, the 
male evidenced a constant trend, explained by the 
fact that this specimen could have fed on the same 
prey or on prey with a constant level of lead.

Stable isotopes

Differences in δ15N values could be related to 
potential sexual segregation of these white sharks 
during immature stages (Carlisle et al. 2012). In 
terms of foraging habits, it is possible that the female 
white shark fed on different prey at high trophic 
levels during sexual maturation, since δ15N values 
from both male and female were similar at the end 
of their lives. This sexual segregation could be evi-
denced by the significant differences observed in 
δ13C, where the male white shark showed values 
related to more coastal areas in comparison to the 
pelagic areas where female could have fed, as it has 
been suggested for other populations of this same 
species in the Eastern and South Pacific Ocean 
(Strong et al. 1996; Carlisle et al. 2012; Kim et al. 
2012).

The trophic ecology of white sharks in the 
Mediterranean Sea could be similar to other top 
predators that occur in the Mediterranean Sea. 
Other marine top consumers, such as Risso’s dol-
phins Grampus griseus and Cuvier’s beaked whales 
Ziphius cavirostris, have shown similar δ15N values 
compared to the white sharks of the present study 
(Capelli et al. 2008). This suggests that the white 
sharks in the Mediterranean Sea feed on prey with 
similar δ15N (trophic position) that those observed 
in those cetaceans, such as the European hake 
Merluccius merluccius (Sinopoli et al. 2012), the 
Mediterranean scaldfish Arnoglossus laterna (Fanelli 
et al. 2009), and blue fin tunas Thunnus thynnus, or 
similar prey that could be considered ecological 
equivalents in terms of their position in the trophic 
web (Sarà & Sarà 2007). This could evidence that 
the white sharks in the Mediterranean Sea could 
feed on mostly fishes and cephalopods rather than 
marine mammals.

We acknowledge that our results are based on mul-
tiple samples from only two individuals; future studies 
should assess larger sample sizes, consider trophic 
variations between individuals, as well as assess sto-
mach contents (Carlisle et al. 2012; Kim et al. 2012). 
This study provides important knowledge into the 

ecology of the white shark from the Mediterranean 
Sea, regarding intrinsic (e.g. foraging) and extrinsic 
(e.g. pollutants) aspects that should be taken into 
consideration, when the overall conservation status 
and vulnerability of this population are assessed.
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