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Emys orbicularis is rare in the north of the Iberian peninsula. Since 1996 we
have investigated morphology and ecology of turtles from three pond systems
in the Louro river basin (Northwest Spain). We found that most individuals
(75%; n = 131) had accessory and asymmetrically arranged carapacial scutes.
In late 2001, we discovered in about 80 km distance from the former site
another population with a lower percentage of scute anomalies (40%; n =
55). However, also in this population scute anomalies are more frequent than
in other parts of the species’ range. We discuss three hypotheses to explain
this finding.
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Introduction

The European pond turtle, Emys orbicularis (L.,
1758), has a fragmented distribution in the Iberian
peninsula. It is still common in the southwest,
but restricted to some coastal localities on the
Mediterranean coast, and absent from the arid
zones of the southeast (KELLER & ANDREU,
2002). In Galicia (Northwest Spain), only two pop-
ulations are known, and therefore it is considered
as the most endangered reptile species of this re-
gion (GALÁN, 1999).

A previous study (AYRES FERNÁNDEZ &
CORDERO RIVERA, 2001) revealed that Galician
E. orbicularis differ in several morphological char-
acteristics from southern and eastern Iberian tur-
tles that were described as different subspecies
(FRITZ, 1993; FRITZ et al., 1996). This fact led us
to suggest that Galician populations might repre-
sent a new, undescribed subspecies (AYRES FER-
NÁNDEZ & CORDERO RIVERA, 2000).

During these investigations we realized that

most turtles in the Louro river basin have con-
spicuous carapacial scute anomalies, including ac-
cessory scutes and asymmetries. In late 2001, we
discovered in approximately 80 km distance an-
other population, exhibiting also scute anomalies.
Here we present for both populations a description
of these anomalies, and discuss possible explana-
tions.

Methods

We studied 131 turtles (including 21 hatchlings) from
the Louro river basin (Pontevedra province, NW Spain;
42◦10′ N, 8◦37′ W) captured between 1996 and 2003.
All individuals except hatchlings were marked us-
ing plastic labels attached to their carapace. This
population inhabits a series of abandoned clay pits
and a large wetland near the Louro river. This area
is heavily industrialized (see Fig. 2 in CORDERO
RIVERA & AYRES FERNÁNDEZ, 2004) and polluted
(ALVAREZ-CAMPANA GALLO, 1996; GONZÁLEZ RO-
DRÍGUEZ, 1999).
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Table 1. Scute anomalies in Galician Emys orbicularis. P: pleural scute; V: vertebral scute; n refers to the
number of individuals, but turtles with more than one anomaly are included in several categories. An interior
scute is an accessory scute within a regular carapacial scute.

Louro river Arnoia river
Type of anomaly

(n = 131) (n = 55)

Accessory scute between left P1–V1 14 3
Accessory scute between right P1–V1 15 2
Accessory scute between left and right P1–V1 23 4
Accessory scute between V1–V2 0 1
Accessory scute between V2–V3 1 0
Accessory scute between V3–V4 3 1
Accessory scute between V4–V5 61 9
Vertebral divided 15 1
Interior scute 17 5
Accessory pleural scute 6 4
Lack of one pleural scute 2 0
Accessory gular scute 5 0

A second population in the Arnoia river (Ourense
province, NW Spain; 42◦13′ N, 7◦40′ W) was investi-
gated from 2001 to 2003. This river is in a rural area
and, as far as we know, has no sources of pollution.
We studied here 55 juvenile and adult turtles, which
were marked by marginal notching. All captured ani-
mals were measured, photographed and all scute asym-
metries and anomalies of carapace and plastron were
recorded.

Results

We found that 75% of the individuals in the Louro
population (n = 131) had conspicuous carapacial
scute anomalies, with accessory and asymmetric
scutes in most cases. In five individuals was an ac-
cessory plastral scute present. Figure 1 illustrates
for adults some types of anomalies, which are sum-
marized in Table 1. The most common anomaly
was the presence of an extra scute between the
4th and 5th vertebrals. All hatchlings showed ac-
cessory scutes (n = 21), except one hatchling cap-
tured in 2003 (Fig. 2). In the Arnoia population,
40% of the individuals (n = 55) had at least one
accessory scute.

Discussion

In his review of the turtle shell, ZANGERL (1969)
found that accessory or asymmetric scutes occur in
approximately 15% of individuals of many turtle
species. Scute anomalies are rare in Emys orbic-
ularis populations (CHEREPANOV, 1994; NAJBAR
& MACIANTOWICZ, 2000; MOSIMANN, 2002;
FRITZ, pers. comm.). Such a conspicuous feature is

unlikely to pass unnoticed. The high rate of scute
anomalies in Galician terrapins was therefore un-
expected.

The observed abnormalities could be due to
at least three different causes (not mutually exclu-
sive):

(i) Negative effects of chemicals from the
highly industrialized area, where these popula-
tions survive. High concentrations of heavy metals
(As, Pb) and pesticides (DDT, lindane, B-HCH)
have been detected in the area of the Louro river
(ALVAREZ-CAMPANA GALLO, 1996; GONZÁLEZ
RODRÍGUEZ, 1999).

(ii) Inbreeding depression, due to small pop-
ulation size, or outbreeding depression, i. e., the
contact of genetically very dissimilar genomes. If
the Galician populations have differentiated due to
a long history of isolation (compare FRITZ et al.,
1996), then a secondary contact with individuals
from other subspecies (e. g. released pets) could
result in genetic problems.

(iii) Suboptimal temperature or humidity
during incubation (GARDNER & ULLRICH, 1950;
MACCULLOCH, 1981).

Initially we interpreted the scute anomalies
as a consequence of a natural but suboptimal en-
vironment. Suboptimal incubation conditions are
known to cause such anomalies. This has been
shown experimentally in embryos of the painted
turtle, Chrysemys picta (Schneider, 1783) and
of the snapping turtle, Chelydra serpentina (L.,
1758), which were exposed to suboptimal moisture
at various times during their development (GARD-
NER & ULLRICH, 1950). Moreover, scute anoma-
lies are more common at the northern edge of the
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Fig. 1. Galician Emys orbicularis with scute anoma-
lies. (A) Female Arnoia 45, with accessory scutes be-
tween V3–V4 and V4–V5; (B) male Louro 89, with V4
divided, accessory scute between V4–V5 and three in-
stead of four right pleurals; (C) male Louro 98, with
accessory scute between left P1–V1, accessory scute
between V4–V5 and accessory pleural scute; (D) fe-
male Louro 102, an example of a highly asymmetric
turtle with V2 and V3 divided. Abbreviations are ex-
plained in Table 1.

range of Chrysemys picta. There, this phenomenon
is thought to be the result of a suboptimal temper-
ature regime during incubation (MACCULLOCH,
1981). One particular type of asymmetry, fluctu-
ating asymmetry, has been recognized as an in-
dicator of environmental stress in many kinds of
organisms (PALMER & STROBECK, 1986).

Nevertheless, as the Louro basin has an ex-
tremely high concentration of pesticides (mainly
lindane) and heavy metals (GONZÁLEZ RODRÍ-
GUEZ, 1999), the anomalies might also be caused
by pollution. The difference in the rates of scute
anomalies between Louro (75% of anomalies) and
Arnoia (40%) could be due to the high pollution
levels in the first river that are absent from the sec-

Fig. 2. Four hatchlings with scute anomalies (arrows),
Louro river population.

ond. This interpretation is supported by the effects
of pesticides (especially polychlorinated hydrocar-
bons) on abnormal development in eggs of Chely-
dra serpentina in the Great Lakes region (BISHOP
et al., 1991, 1998).

It is obvious that an experimental approach
is needed to distinguish between the above hy-
potheses. Eggs from the Louro population should
be incubated under controlled conditions to ex-
clude that these anomalies result from suboptimal
temperature or humidity. Unfortunately we were
unable to find the nesting sites of this population,
and until now this experimental approach could
not be undertaken. Preliminary data indicate that
scute anomalies are rare in areas of the Iberian
peninsula where E. orbicularis has higher popula-
tion densities and more favourable environmental
conditions. This fact is in agreement with the idea
that incubation conditions might be partially re-
sponsible for the anomalies.

Finally, E. orbicularis might also suffer from
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genetic problems associated to inbreeding or out-
breeding in Galicia, which might be indicated by
abnormal development. In fact, Galician terrap-
ins occur at low density and in small populations,
and genetic drift or a negative genetic impact of
released allochthonous turtles might be important
under these conditions. Again, we need additional
studies to test this hypothesis, and we are now es-
tablishing a project to compare genetic diversity
of Galician populations with other high density,
non-threatened populations of the Iberian penin-
sula.
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