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Figure 1: Map of Greece 
indicating the locations where 
44 skin samples from 
Mediterranean monk seals 
were collected. Circles indicate 
the locations from which 
potential prey items were 
collected
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IntroductionIntroduction ResultsResults

Materials & MethodsMaterials & Methods Figure 2: δ13C and δ15N 
values (mean ± SE; N= 1-5) for 
fish and invertebrate species 
from the Central Aegean Sea 
and for 44 Mediterranean monk 
seal skin samples collected 
throughout Greece.

Table 1. Summary of carbon and nitrogen isotope ratios [mean ± SD and (variance)] of 44 Mediterranean monk seal 
skin samples and of 121 tissue samples of potential prey items of monk seals from throughout Greece.

DiscussionDiscussion

Information on feeding habits and behavior is critical in the design and implementation of 
effective conservation measures. However, little information is available on the diet of the 
critically endangered Mediterranean monk seal (Monachus monachus). The information 
available has been obtained mostly by direct observation and scat and stomach content 
analysis and indicates a predator feeding predominantly on fish and Cephalopods (Neves
1998, Gonzalez 1997, Salman et al. 2001).

These techniques rely on the identification of the remains of prey-item hard parts, and are 
associated with unavoidable errors due to the nature of the collection methods. 

Stable isotope techniques have become a powerful tool in ecosystem studies; A stepwise 
trophic enrichment of 3-5‰ in δ15N has been observed from plants to herbivores to 
carnivores in all ecosystems and differences in nitrogen isotope ratios are frequently used to 
predict trophic level (Minagawa and Wada 1984). In contrast, the relatively conservative 
transfer of carbon isotope ratios (approximately 0,8‰) up the trophic ladder allows δ13C to 
be used to distinguish distinct food sources. Carbon isotope ratios differ more between 
terrestrial versus marine, inshore versus offshore, and pelagic versus benthic food webs and 
has therefore been used to assess foraging location (France 1995).

Mediterranean monk seal sampling. Skin samples from Mediterranean monk seals were 
collected (1996 – 2008) during necropsies conducted throughout the entire range of the 
species in Greece (Fig. 1). Monk seal samples were categorised according to gender (females 
vs. males), age class (sub-adults vs. adults).

Potential prey items sampling. Potential prey items were obtained from three local fish-
markets and one bottom trawl survey (Fig. 1). Potential prey items were classified as pelagic 
or benthic based on previous knowledge of feeding habits provided by FISHBASE 
(www.fishbase.org).

Stable isotope analysis. Stable isotope analysis followed the guidelines by Mowat and 
Heard (2006), Davenport and Bax (2002).

Statistical analysis. Analysis of variance was conducted to compare the means of carbon 
and nitrogen isotope ratios among the 13 years of collecting samples and Student’s t-tests 
were conducted to compare season of sample collection, gender and age specific differences. 
Significance was assumed at P < 0,05.

•Stable isotope approaches provide a powerful analytical tool to link foraging 
ecology and behavior of Pinnipeds with habitats and diving behavior.

•The average δ15N, 10,40 ± 1,33‰ places Mediterranean monk seals at the 
highest trophic level of an obligate fish or cephalopod predator. 
While there was a wide range in the δ15N values, which is indicative of a wide 
prey basis, the fact that no significant differences due to body size, sex, 
reproductive state or year of sample collection were detected, indicated that all 
seals in our study had been foraging at a similar trophic level.

•The δ15N and δ13C showed no statistical difference with year, gender or 
reproductive status and no correlation to body size. These results suggest that 
Mediterranean monk seals pursue a uniform feeding strategy throughout 
their life.

•Mediterranean monk seals had the most enriched δ13C of all species analyzed 
in the study. In general, δ13C values are more enriched in benthic than pelagic 
algae (Peterson et al. 1985) and this can ultimately be transferred to the 
consumers. The small variation in the δ13C values observed in monk seals in 
the eastern Mediterranean suggests that the species foraged predominantly in 
very similar geographical locations that were clearly associated to benthic 
and/or reef habitats.
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Class Species
Sex / 

reproductiv
e state

No. of 
samples δ¹³C (‰) δ15N (‰)

Mammalia Mediterranean 
monk seal Female 24 -14,85 ± 0,69 (0,48) 10,34 ± 1,40 (1,96)

Male 18 -14,88 ± 0,55 (0,31) 10,48 ± 1,36 (1,85)
Adult 19 -14,88 ± 0,68 (0,46) 10,24 ± 1,24 (1,55)

Sub-adult 24 -14,85 ± 0,59 (0,35) 10,51 ± 1,44 (2,09)

Actinopterygii 46 different 
species 88

-18,16 ± 1,19 9,78 ± 2,35

Cephalopoda 4 different 
species 17 -17,01 ± 1,23 9,96 ± 2,95

Malacostraca 4 different 
species 15 -18,20 ± 0,57 8,37 ± 1,13

Echinodermata 1 species 1 -16,00 2,72
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Figure 3: The δ13C and δ15N distribution in skin samples of a)19 adult and 24 sub-adult and b) 24 
female and 18 male Mediterranean monk seals analysed. Age group and gender comparisons did not 
indicate statistically significant differences.
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