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Abstract. Recently several projects have been implemented for the conservation of the European turtle Emys orbicu-
laris, but few aspects of the captive-bred animals released into the wild have been described. In this note we report
about the trophic habits of a small restocked population of the endemic subspecies E. o. ingauna that is now repro-
ducing in NW Italy. Faecal contents from 25 individuals (10 females, 11 males and 4 juveniles) were obtained in June
2016. Overall, 11 taxonomic categories of invertebrates were identified, together with seeds and plant remains. Plant
material was present in 24 out of 25 turtle faecal contents, suggesting that ingestion was deliberate. There were no
differences between the dietary habits of females and males, and the trophic strategy of adult individuals was charac-
terised by a relatively high specialization on dragonfly nymphae. These findings suggest that captive bred turtles are
adapting well to the wild and that restocked individuals assumed an omnivorous diet, a trophic behaviour typical of

other wild turtle populations living in similar habitats.
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In Europe the populations of the pond turtle Emys
orbicularis (Linnaues, 1758) are declining and in many
countries the species is considered threatened or even
locally endangered (Fritz and Chiari, 2013). Therefore,
many conservation projects have been implemented to
improve the species’ status, in particular by restocking
captive-breed individuals, for example in Portugal (Teix-
eira et al., 2013), France (Cadi and Miquet, 2004; Thien-
pont et al, 2013) and Spain (Ayres et al., 2013). The
outcomes of these restocking projects are monitored by
means of different descriptors, and in particular by the
estimation of the annual survival of captive-bred indi-
viduals released into the wild (Cadi and Miquet, 2004;
Masin et al., 2015; Canessa et al., 2016) or by the extent
of individual displacements and habitat use obtained by
radiotracking (Mignet et al., 2014). In general, however,
few data are available on the ecological adaption of cap-
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tive-bred animals to their new environment. To assess this
topic, we focused our interest on the feeding habits of a
restocked population, an issue widely studied in wild indi-
viduals (e.g., Fritz, 2001; Ottonello et al., 2005; Zuffi et al.,
2011; Balzani et al., 2016). In fact, captive bred animals
are usually fed with commercial pellets, or with fresh or
frozen food like fishes, shrimps, chironomidae (non-bit-
ing midges) and tenebrionidae (darkling beetles) larvae.
Hence information about the feeding habits of captive-
bred individuals after their release in the wild is of funda-
mental interest when evaluating their adaptation to their
new environment. In this context, we use as case study a
small restocked population of the endemic subspecies E.
o. ingauna found in Liguria, NW Italy (Jesu et al., 2004).
These individuals are part of a conservation project, that
began in 1999 and is still ongoing (Ficetola et al., 2013;
Canessa et al., 2016). Restocked animals were born in an
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outdoor facility (i.e., the “Centro Emys” situated in Leca di
Albenga, NW Italy) from local genetically screened adults
(Manfredi et al., 2013). Turtles were bred in the facility for
2-5 years until restocking; they were fed with commercial
pellets in the first year, then with frozen shrimps and fish.
Before restocking, all animals were marked by both scute
notches (Servan et al.,, 1986) and subcutaneous pit tags,
while their health status was evaluated by screening for
blood and gastrointestinal pathogens in accordance to vet-
erinarian protocols (Canessa et al., 2016).

Turtles were sampled in two semi-permanent clay
ponds in the alluvial plain of the river Centa, in the Prov-
ince of Savona (Liguria, NW Italy). For conservation pur-
poses we are not giving exact localisations of the sites.
In one pond, native turtles are still found, but the other
pond was excavated in 2009 and hosts only restocked
animals. In the surroundings of this latter site, three tur-
tle nests with successfully hatched eggs were observed
in November 2017 (Dario Ottonello, pers. obs.), giv-
ing the first evidence of reproduction in the wild of this
restocked population.

Turtles were captured by unbaited fyke nets, from
the 25% to the 26™ of June 2016, and transported to the
“Centro Emys”, situated less than 2 km from both sites,
where they were checked for sex and their straight cara-
pax length (SCL) measured. Only individuals with evi-
dent sexual characters were considered as adults (Zufh
and Gariboldi, 1995), while the others were considered as
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juveniles. Faecal samples were obtained from turtles kept
in individual buckets for 24h. Then, samples were filtered
on a sieve and prey remains stored in 70% ethanol. Prey
items were identified under a dissecting microscope in
the laboratory by at least two observers (AR; SS; MV),
while plant remains could not be assigned to species or
genus because they were highly fragmented. All turtles
were returned to their capture site and no mortality was
observed during the study.

The diet of female and male turtles was analysed by
means of the frequency of occurrence (FO), defined as
the proportion of faecal samples containing that catego-
ry divided by the entire sample, by Shannon’s diversity
index (H) and by the Equitability index (H/H,,,), this
latter expressing how prey items are distributed among
prey categories (Magurran and Gills, 2011). Therefore,
we analysed differences between sexes, with and with-
out plant material, by means of the analysis of similarity
(ANOSIM) using Bray-Curtis dissimilarity index (Clarke,
1993). The population trophic strategy was estimated by
the graphical method of Amundsen et al. (1996). This
method projects each prey category on a plane delimited
by an X axis which is given by the FO, and an Y axis rep-
resented by the prey-specific abundance (Pi). Prey-spe-
cific abundance is the percentage of each prey category i,
considering the total number of prey items ingested only
by those animals that ate that specific category (Amund-
sen et al., 1996; Ottonello et al., 2017). The distribution

Table 1. Prey categories, number of prey items, frequency of occurrence (FO in percentage) and diversity indexes for E. o. ingauna females,

males and juveniles.

Females (n =10)

Males (n = 11)

Adults total (n = 21) Juveniles (n = 4)

Number FO Number FO Number FO Number FO
Odonata nymphs 22 0.80 21 1.00 43 0.90 1 0.25
Diptera larvae 2 0.20 9 0.27 11 0.24 10 0.50
Heteroptera nymphs 1 0.10 3 0.18 4 0.14 0 -
Ephemeroptera larvae 0 - 1 0.09 1 0.05 4 0.75
Coleoptera adults 0 - 4 0.36 4 0.19 0 -
Plecoptera larvae 0 - 0 - 0 - 1 0.25
Imenoptera Formicidae 1 0.10 0 - 0 - 1 0.25
Tricoptera larvae 0 - 0 - 0 - 1 0.25
Oligochaeta 0 - 1 0.09 1 0.05 0 -
Isopoda 0 - 1 0.09 1 0.05 0 -
Gastropoda 1 0.10 0 - 1 0.05 0 -
Hexapoda indet. 2 0.20 1 0.09 3 0.14 2 0.50
Shannon Diversity (H) 0.927 - 1.375 - 1.356 -
Equitability (H/H,,,,) 0.517 - 0.707 . 0.589 .
Seeds 152 0.60 126 0.36 278 0.48 9 0.75
Plant fragments 122 1.00 95 0.82 217 0.90 26 1.00
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Fig. 1. Amundsen’s plot showing the trophic strategy of the Emys
orbicularis ingauna restocked population. FO = frequency of occur-
rence, Pi = prey-specific abundance (see text for definitions).

of prey categories in the plot describes the main troph-
ic strategy of the focal population, as being specialised
(upper quadrants of the graph) or generalist (lower quad-
rants) and with a high between (upper left quadrant) or
within (lower right quadrant) population component (see
Fig. 3 in Amundsen et al., 1996). Statistical analyses and
ecological indexes were obtained by means of PAST soft-
ware (Harper and Ryan, 2001).

During the study, 26 European pond turtles were
captured: 10 females, 12 males and 4 juveniles, but no
faecal contents could be obtained from one male (Table
1). Females were larger (mean SCL = 109.26 mm * 21.89
SD) than males (mean SCL = 106.20 mm =+ 7.00 SD), this
difference being not significant (Welch test for unequal
variances t = -0.44; P = 0.67). Overall, 11 invertebrate
categories were found in the faecal contents of the pond
turtles: 5 in females, 7 in males and 7 in juveniles (Table
1). Seeds and plant remains (mainly root and leaf frag-
ments) were found in 23 out of 24 faecal contents, sug-
gesting that ingestion was deliberate. Concerning animal
items, all of them were aquatic with the exception of two
ants, probably captured on the water surface. The most
frequent prey categories were composed by dragonfly
(Odonata) nymphae and fly larvae, that were mainly non-
biting midges (Chironomidae). No vertebrate remains
were found in the faecal contents of the study sample.

Shannon’s diversity and Equitability indexes did not
differ between females and males (Table 1: Shannon H,
P = 0.09 and Equitability H/H,,,, P = 0.08, both values
obtained after 1000 permutations). Moreover, there were
no differences in diet composition between females and
males considering animal categories alone (ANOSIM, r =
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0.02, P = 0.29) or when vegetal matter was included in
the analysis (ANOSIM, r = -0.04, P = 0.74). On the basis
of these results, the trophic strategy of the adult popu-
lation was examined after pooling females and males
together (Ottonello et al., 2017). Figure 1 shows that the
turtle population assumed a generalist diet for all catego-
ries, with the exception of dragonfly nymphaea, that were
consumed by several relatively specialised individuals.

Our study highlights two main findings, the first that
the overall dietary habits of captive-bred female and male
E. o. ingauna released in the wild were similar, the second
that adult and juvenile turtles behaved as omnivorous
feeders, switching between a carnivorous and herbivorous
diet within the same site and within a relative short time
period. Concerning the absence of sex differences in diet,
other studies found low variation between the adult male
and female pond turtles. For example, Cicek and Ayaz
(2011) and Ottonello et al. (2017) observed similar diets
between the sexes of Emys orbicularis in Turkey and of
Emys trinacris in Sicily, respectively. According to these
authors, correspondence in food habits between sexes is
explained by a similar use of microhabitats, an explana-
tion that may by realistic also for the E. o. ingauna popu-
lation analysed in this study.

In reptiles, herbivory tends to evolve in environments
where food quality and quantity fluctuate temporally and
spatially (Cooper and Vitt, 2002), as is the case in Medi-
terranean ponds, that are characterised by high seasonal
variations in water level and water temperature. Also the
diet of juveniles’ captive-bred turtles appeared to contain
many vegetable remains, but our small sample size hin-
dered any quantitative comparison with the adults.

Another interesting result was that adult turtles
seemed relatively specialised on dragonfly nymphae, a
feature that could be due to the high availability of this
kind of prey in the environments or to an overestimation
bias due to the chitinous structure of their mouth parts,
a feature that may facilitate retrieval and identification of
this taxon in faecal contents. In any case, only sampling
the potential prey community available to the turtles will
provide information to better understand this issue.

The contemporary presence of plant and animal
material in the diet of E. o. ingauna is not peculiar to this
population, considering that it has already been described
in other European pond turtle populations living in Medi-
terranean regions of Central Italy (Lebboroni and Chelaz-
zi, 1991), Southern France (Ottonello et al., 2005), North-
western Spain (Ayres et al., 2010) and Turkey (Cigek and
Ayaz, 2011). Moreover, Ottonello et al. (2017) found plant
remains in the congeneric Emys trinacris from Sicily, sug-
gesting a widespread use of vegetation as supplementary
food in turtles belonging to the genus Emys.



92

ACKOWLEDGEMENTS

The conservation project is authorised by the Ital-
ian Ministry of Environment (SCN/20/99/6496 of April,
1999) and turtles were captured according to permit
Prot. 0013862 PNM of June, 2016. We also acknowl-
edge the contributions of two anonymous Reviewers that
improved the manuscript.

REFERENCES

Amundsen, P.A., Gabler, H.M., Staldvik, EJ. (1996): A
new approach to graphical analysis of feeding strat-
egy from stomach contents data - modification of the
Costello (1990) method. J. Fish Biol. 48: 607-614.

Ayres, C., Calvino-Cancela, M., Cordero-Rivera, A.
(2010): Water lilies, Nymphaea alba, in the summer
diet of Emys orbicularis in Northwestern Spain: use of
emergent resources. Chelon. Cons. Biol. 9: 128-131.

Ayres, C., Alvarez, A., Ayllon, E., Bertolero, A., Buenetx-
ea, X., Cordero-Rivera, A., Curco-Masip, A., Duarte,
]., Farfan, M.A., Ferrandez, M., Franch, M., Fortuno,
L., Guerrero, J., Hernandez-Sastre, P.L., Lacomba, I.,
Lorente, L., Miguelez-Carbajo, D., Pinya, S., Rada,
V., Romero, D., Sanchez, J., Sancho, V., Valdeon, A.
(2013): Conservation projects for Emys orbicularis in
Spain. Herpetol. Notes 6: 157-164.

Balzani, P.,, Vizzini, S., Santini, G., Masoni, A., Ciofi, C,,
Ricevuto, E., Chelazzi, G. (2016): Stable isotope anal-
ysis of trophic niche in two co-occurring native and
invasive terrapins, Emys orbicularis and Trachemys
scripta elegans. Biol. Invas. 18: 3611-3621.

Cadi, A., Miquet, A. (2004): A reintroduction programme
for the European pond turtle (Emys orbicularis) in
Lake Bourget (Savoie, France): first results after two
years. Biologia (Bratisl.) 59: 155-159.

Canessa, S., Genta, P, Jesu, R., Lamagni, L., Oneto, F,
Salvidio, S., Ottonello, D. (2016): Challenges of moni-
toring reintroduction outcomes: insights from the
conservation breeding program of an endangered tur-
tle in Italy. Biol. Cons. 204: 128-133.

Cigek, K., Ayaz, D. (2011): Food composition of the
European pond turtle (Emys orbicularis) in Lake
Stlukld (Western Anatolia, Turkey). J. Freshwater
Ecol. 26: 571-578.

Clarke, K.R. (1993): Non-parametric multivariate analysis
of changes in community structure. Austr. J. Ecol. 18:
117-143.

Cooper, W.E. Jr., Vitt, L.J. (2002): Distribution, extent,
and evolution of plant consumption by lizards. J.
Zool. 257: 487-517.

Dario Ottonello et alii

Ficetola, G.E, Salvidio, S., D’Angelo, S., Bonardi, A., Bot-
toni, L., Canalis, L., Crosetto, S., Di Martino, S., Ferri,
V., Filetto, P, Genta, P, Jesu, R., Masin, S., Mazzotti,
S., Ottonello, D., Richard, J., Sala, L., Scali, S., Tedaldi,
G., Vianello, E (2013): Conservation activities for the
European and Sicilian pond turtles (Emys orbicularis
and Emys trinacris, respectively) in Italy. Herpetol.
Notes 6: 127-133.

Fritz, U. (2001): Emys orbicularis (Linnaeus, 1758) -
Europiaische Sumpfschildkrote. In: Handbuch der
Reptilien und Amphibien Europas, Bd. 3/11IA, Schil-
dkroten (Testudines) 1., pp. 343-516. Fritz, U, Ed.,
Aula-Verlag, Wiesbaden.

Fritz, U., Chiari, Y. (2013): Conservation actions for Euro-
pean pond turtles - a summary of current efforts in
distinct European countries. Herpetol. Notes 6: 105.

Lebboroni, M., Chelazzi, G. (1991): Activity pattern of
Emys orbicularis L. (Chelonia, Emydidae) in central
Italy. Eth. Ecol. Evol. 3: 257-268.

Harper, D.A.T., Ryan, P.D. (2001): PAST: Palaeontologi-
cal statistics software package for education and data
analysis. Palaeontol. Electron. 4: 1-9.

Jesu, R., Piombo, R., Salvidio, S., Lamagni, L., Ortale, S.,
Genta, P. (2004): Un nuovo taxon di testuggine palus-
tre endemico della Liguria occidentale Emys orbicula-
ris ingauna n. ssp. Ann. Mus. Civ. St. Nat. “G. Doria”
96: 133-192.

Magurran, A.E., McGill, B.J. (2011): Biological Diversity.
Frontiers in measurement and assessment. Oxford
University Press, Oxford.

Manfredi, T., Bellavita, M., Ottonello, D., Zuffi, M.A.L,,
Carlino, P.,, Chelazzi, G., D’Angelo, S., Di Tizio, L., Lo
Valvo, M., Marini, G., Orru, E, Scali, S., Sperone, E.,
Ciofi, C. (2013): Analisi preliminari sulla divergenza
genetica e filogeografica delle popolazioni italiane di
testuggine palustre europea Emys orbicularis. In: Atti
IT Congresso SHI Abruzzo Molise “Testuggini e tar-
tarughe”, pp. 31-39. Di Tizio, L., Cameli, A., Di Franc-
esco, N., Eds. Ianieri Edizioni, Pescara.

Masin, S., Ficetola, G.F, Bottoni, L. (2015): Head start-
ing European pond turtle (Emys orbicularis) for rein-
troduction: patterns of growth rates. Herpetol. Cons.
Biol. 10: 516-524.

Mignet, F, Gendre, T., Reudet, D., Malgoire, E, Cheylan,
M., Besnard, A. (2014): Short-term evaluation of the
success of a reintroduction program of the European
pond turtle: The contribution of space-use modelling.
Chelon. Cons. Biol. 13: 72-80.

Ottonello, D., Salvidio, S., Rosecchi, E. (2005): Feeding
habits of the European pond terrapin Emys orbicu-
laris in Camargue (Rhone delta, Southern France).
Amphibia-Reptilia 26: 562-565.



Diet of Emys orbicularis in NW Italy

Ottonello, D., D’Angelo, S., Oneto, E, Malavasi, S., Zuffi,
M.A.L. (2017): Feeding ecology of the Sicilian pond
turtle Emys trinacris (Testudines, Emydidae) influ-
enced by seasons and invasive aliens species. Ecol.
Res. 32: 71-80.

Servan, J., Baron, J., Bels, R., Bour, V., Lancon, M.,
Renon, G. (1986): Le marquage des tortues deau
douce: application a la cistude d’Europe Emys orbicu-
laris (Reptilia, Chelonii). Bull. Soc. Herp. Fr. 37: 9-17.

Teixeira, J., Martins, B., Palhas, J., Alves, A., Azevedo, F.
(2013): Conservation activities for the European pond
turtle (Emys orbicularis) in Portugal. Herpetol. Notes
6: 153-155.

Thienpont, S., Vacher, J-P., Berroneau, M., Miquet, A.,
Barthe, L., Caillebotte, A., Lerat, D., Gendre, T,

93

Owen-Jones, Z., Marandon, J-L., Quesada, R. (2013):
Conservation activities for the European pond turtle
(Emys orbicularis) in France. Herpetol. Notes 6: 139-
141.

Zuffi, M.A.L., Gariboldi, A. (1995): Sexual dimorphism
in Italian populations of the European pond terrapin,
Emys orbicularis. In: Scientia Herpetologica, pp. 124-
129. Llorente, G.A., Montori, A., Santos, X., Carretero,
M.A., Eds, Asociacién Herpetoldgica Espanola, Barce-
lona.

Zuffi, M.A.L., Di Cerbo, A.R., Fritz, U. (2011): Emys
orbicularis (Linnaeus, 1758). In: Fauna d’Italia - Rep-
tilia, pp. 153-163. Corti, C., Capula, M., Luiselli, L.,
Razzetti, E., Sindaco, R., Eds, Edizioni Calderini,
Bologna.



	Acta Herpetologica
	Vol. 13, n. 1 - June 2018
	Firenze University Press
	Species diversity and distribution of lizards in Montenegro
	Katarina Ljubisavljević1,2,*, Ljiljana Tomović3, Aleksandar Urošević1, Slađana Gvozdenović2, Vuk Iković2, Vernes Zagora2, and Nenad Labus4
	The first demographic data and body size of the southern banded newt, Ommatotriton vittatus (Caudata: Salamandridae)
	Abdullah Altunişik 
	Diet and helminth parasites of freshwater turtles Mesoclemmys tuberculata, Phrynops geoffroanus (Pleurodira: Chelidae) and Kinosternon scorpioides (Criptodyra: Kinosternidae) in a semiarid region, Northeast of Brazil
	Antonio Marcos Alves Pereira*, Samuel Vieira Brito, João Antonio de Araujo Filho, Adonias Aphoena Martins Teixeira, Diêgo Alves Teles, Daniel Oliveira Santana, Vandeberg Ferreira Lima, Waltécio de Oliveira Almeida
	Electric circuit theory applied to alien invasions: a connectivity model predicting the Balkan frog expansion in Northern Italy
	Mattia Falaschi1,2,*, Marco Mangiacotti3, Roberto Sacchi3, Stefano Scali2, Edoardo Razzetti4
	First report of Bufo bufo (Linnaeus, 1758) from Sardinia (Italy)
	Ilaria Maria Cossu1, Salvatore Frau1, Massimo Delfino2,3, Alice Chiodi4, Claudia Corti1,5*, Adriana Bellati4
	Natural history and conservation of the Nurse Frog of the Serranía del Perijá Allobates ignotus (Dendrobatoidea: Aromobatidae) in northeastern Colombia
	Hernán Darío Granda-Rodríguez1,2, Andrés Camilo Montes-Correa3,*, Juan David Jiménez-Bolaño3, Marvin Anganoy-Criollo4,5
	Exploring body injuries in the horseshoe whip snake, Hemorrhois hippocrepis
	Juan M Pleguezuelos*, Esmeralda Alaminos, Mónica Feriche
	How effectively do European skinks thermoregulate? Evidence from Chalcides ocellatus, a common but overlooked Mediterranean lizard
	Grigoris Kapsalas, Aris Deimezis-Tsikoutas, Thanos Georgakopoulos, Ismini Gkourtsouli-Antoniadou, Kallirroi Papadaki, Katerina Vassaki, Panayiotis Pafilis
	Thermal tolerance for two cohorts of a native and an invasive freshwater turtle species
	Jun Geng, Wei Dang, Qiong Wu, Hong-Liang Lu*
	Diet of a restocked population of the European pond turtle Emys orbicularis in NW Italy
	Dario Ottonello1, Fabrizio Oneto1,2, Monica Vignone2, Anita Rizzo2, Sebastiano Salvidio2,*
	Helminths of the lizard Colobosauroides cearensis (Squamata, Gymnophthalmidae) in an area of Caatinga, Northeastern Brazil
	Aldenir F. da Silva Neta*, Robson W. Ávila

