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Emys orbicularis is the most endangered reptile in Galicia (Northwest Spain).
Only two large population groups are known in the region, and the species is
also rare in the north of Portugal, suggesting that Galician populations are
currently isolated. Here we present an analysis of the Louro river populations
(Pontevedra province), which consist of approximately 100 turtles. Fieldwork
from 1996 to 2002 allowed us to estimate sex ratio, survivorship and recapture
rates, reproduction, mobility between ponds, and size distribution. We were
unable to find nesting sites and therefore have very limited information about
clutch size. Based on these demographic parameters and literature data, we
performed a population viability analysis for a local population with Vortex
software. It helped to identify six major conservation problems in the study
area: (i) introduction of exotic species (predators: black-bass; competitors:
Trachemys scripta); (ii) capture of turtles for pet trade; (iii) direct distur-
bance; (iv) increased extinction risk due to small population size; (v) habitat
destruction; (vi) water and soil pollution. A management plan is proposed to
minimize the impact of these factors.

Key words: Emys orbicularis, population structure, survivorship, population
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Introduction 1994; CHEYLAN, 1998; FRITZ, 2003), and was

also commonly eaten in Central and East Eu-

Emys orbicularis (L., 1758) is found in East and
Central Europe, the Mediterranean countries (in-
cluding some islands) and North Africa (FRITZ,
2001, 2003). Formerly the range was more ex-
tensive as indicated by postglacial remains found
in North Europe, including England, Denmark,
and Sweden (FRrITZ, 1995, 2001, 2003). In pre-
historic times this species was probably a com-
mon food item for humans (SCHLEICH & BOHME,

rope during the past (because it was considered
fish by the Catholic Church). Already in 1792 it
was recognized that collecting was out of control
and turtles were becoming rare (BRINGSQE, 1997,
FRITZ, 2003). Even today E. orbicularis is cap-
tured for food in some areas of southern Spain
(KELLER & ANDREU, 2002), and this type of ex-
ploitation is of great concern for turtle conserva-
tion (BURKE et al., 2000). At present, E. orbic-
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ularis is threatened and declining in several re-
gions of its range, mainly due to habitat destruc-
tion: Italy (GARIBOLDI & ZUFFI, 1994; CHELAZZI
et al., 2000), France (CHEYLAN, 1998; GAY &
LEBRAUD, 1998), Poland (MITRUS, 2000), Ger-
many (HANKA & JOGER, 1998; SCHNEEWEISS,
1998; SCHNEEWEISS & FRITZ, 2000), the former
Soviet Union (SNIESHKUS, 1993; SHCHERBAK,
1998; KOTENKO, 2000), and Turkey (TASKAVAK
& REIMANN, 1998). It is therefore included in
the Bern Convention and protected by European
Union laws. The status of the species has recently
been reviewed for the entire range (FRITZ, 2001,
2003).

E. orbicularis is common in some parts of
the Iberian peninsula (ANDREU, 1997; ANDREU
& LOPEZ-JURADO, 1998; KELLER & ANDREU,
2002). However, with the exception of the work
of Claudia KELLER (KELLER, 1997; KELLER et
al., 1998), very little is known about its ecol-
ogy and behaviour. Generally, the numbers of
E. orbicularis are thought to be decreasing in
Spain (MASCORT, 1998; GOMEZ-CANTARINO &
L1zANA, 2000; BERTOLERO, 2000), except for
Huelva province (KELLER & ANDREU, 2002). Al-
ready the earliest published information on this
species in Galicia (Northwest Spain) stated that it
is rare due to human persecution (LOPEZ SEOANE,
1877). GALAN (1999) pointed out that E. orbic-
ularis is the most endangered reptile species in
Northwest Spain.

Our previous work demonstrated that Gali-
cian FE. orbicularis differ morphologically from
other populations (AYRES FERNANDEZ & COR-
DERO RIVERA, 2001). As these populations are
rather isolated and several other endemic amphib-
ians and reptiles are known from the northwest-
ern Iberian peninsula (e. g. Chioglossa lusitanica
Bocage, 1864, Rana iberica Boulenger, 1879, Lac-
erta lepida iberica Lépez Seoane, 1884, Podarcis
bocagei Lépez Seoane, 1884), it has been suggested
that Galician pond turtles might represent a dis-
tinct subspecies (FRITZ et al., 1996; AYRES FER-
NANDEZ & CORDERO RIVERA, 2000).

There is general concern about the decline
of amphibian and reptile populations (WYMAN,
1990; GIBBONS et al., 2000), but the causes for this
decline are poorly known. In turtles, population
declines are thought to be related to human distur-
bance, and this is particularly likely in some cases.
For instance, in Glyptemys insculpta (LeConte,
1829) long-term data showed a clear relationship
between human recreation and turtle extinction
(GARBER & BURGER, 1995). Other emydids have
been negatively affected by human disturbance
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of their habitats (JACKSON & WALKER, 1997).
When at the end of 1996 the Galician government
asked us for a report on the conservation status
of E. orbicularis in Northwest Spain, we decided
to carry out fieldwork to determine the number of
remaining turtles in one of the last known locali-
ties. Our aim was to obtain basic demographic in-
formation for population viability analysis and to
establish conservation guidelines. The aim of the
management plan was to guarantee the long-term
(i. e., 100 years) survival of E. orbicularis in the
Louro river basin. The main results of this work
are presented here.

Methods

We follow SUTHERLAND (2000) for a conceptual model
to develop our management plan. In brief, we identified
the main factors that might impede the long-term pop-
ulation survival (over 100 years), clarified the causes
behind these factors, and evaluated different measures
to minimize their impact.

The study area is the Louro river valley, near
Porrifio in the southwest of Galicia (NW Spain; 42°10/
N, 8°37" W), where Emys orbicularis survives in a
natural wetland (Géndaras de Budifio) and in old
clay pits, surrounded by a dense industrial landscape.
We studied pond turtles in three artificial ponds: O
Cerquido (1996-1998), Centeans (1997-2002), and Or-
benlle (1997-2002). These water bodies are deep (more
than 5 m in some cases), with almost vertical banks
and therefore not easily accessible. The ponds are at
least 20 years old. Turtles have been observed to col-
onize ponds that are still under clay exploitation. The
Centeans pond is in fact a group of six ponds, some of
which were still used for clay mining in 2003. Turtles
can easily change between the Centedns ponds and are
therefore considered a single population. We did not
sample in the natural wetland area because it is mostly
inaccessible and, moreover, protected as bird reserve.
Our continuous presence would have resulted in heavy
disturbance to bird nesting. However, we know that
some turtles are living there.

European pond turtles are very shy and difficult
to capture. Therefore, turtles were attracted to the
shore by bait (meat and fish), and captured with a net,
or by placing baited traps on the coastline that were
controlled every 1-2 days. Sampling intensity varied
between years (29, 99, 155, 84, 78, 111, and 103 days
of sampling from 1996 to 2002). One observer (CAF)
spent between 2 and 10 hours in the field per day.

Captured turtles were weighed (& 5 g), measured
with a calliper (& 1 mm), photographed and individ-
ually marked with two numbered small plastic labels
(25 x 15 mm) glued to the dorsal carapace with ce-
ment adhesive (UTZERI, pers. comm.). This marking
system allows an easy identification of individuals by
reading the numbers with binoculars. It therefore re-
duces handling and stress. Furthermore, it has the ad-
vantage of being reversible: turtles can be unmarked



Table 1. Values of population parameters entered into population viability analyses using Vortex software
(MILLER & LAcCY, 2003). SCL: straight-line carapacial length.

Variable Value Explanation/Reference

Inbreeding No

Correlation Environmental Varia- Yes Good survival years = good reproduction

tion (EV) (reproduction) — EV years

(survival)

Catastrophes No / Yes

Mating system Polygamous

Age at first reproduction, males 4 years KELLER (1997)

Age at first reproduction, females 6 years KELLER (1997)

Maximum breeding age 29 KELLER (1997)

Sex ratio at birth (% males) 60% Field data

Maximum clutch size per year 12 Estimated from maximum SCL (173 mm)

Reproduction density-dependent? No Optimistic scenario

% females breeding per year 50% Literature review

SD breeding annually 12.50% No data available

Clutch size distribution Estimated from female size

Mortality rate nests 90% Literature review

Mortality rate males 16.29% Estimated from mark-recapture data

Mortality rate females 4.13% Estimated from mark-recapture data

Mortality rate juveniles 2.14% Estimated from mark-recapture data

SD in mortality rate due to EV 1.00% EV in survival estimated from mark-
recapture data, model Phi(t) p(.) (CoocH
& WHITE, 2002)

All adult males in the breeding Yes Optimistic scenario

pool?

Start at a stable age distribution? No Estimated from size distribution

Carrying capacity? 60 Literature review

SD in K due to EV 5 No data available

Trend in K? No Optimistic scenario

Harvest in the population? No

Supplement the population No / Yes

by removing the labels at the end of the study. Labels
remain attached to the individuals for at least six years
after marking. Turtles were sexed by using the differ-
ent morphology of the tail and plastron (ANDREU &
LOPEZ-JURADO, 1998).

We used Vortex 8.41 (MILLER & Lacy, 2003)
to model the viability of the E. orbicularis popula-
tion in Centeans. Simulation data were based on our
fieldwork (survival rate, sex ratio, age structure) or on
literature references (sexual maturity age, clutch size,
maximum reproduction age). Survival rate was esti-
mated from the mark-recapture histories of 35 males,
21 females and 14 juveniles (1997-2002) from the Cen-
teans population, using MARK 3.1 (CoocH & WHITE,
2002). Parameter estimates were derived from a model
where the recapture rate was constant over time iden-
tical for all turtles (i. e., only one recapture parame-
ter was estimated for both sexes and juveniles). Sur-
vival rate was constant over years but differed be-
tween sexes and juveniles (model Phi(g) p(.); LEBRE-
TON et al., 1992). For an approximation of environ-
mental variation (EV) in survival, we estimated sur-

vival rate from a model with temporal variation in
this parameter but no effect of group (model Phi(t)
p(.)). From Box D in the Vortex manual (MILLER &
LAcy, 2003) we calculated that EV was less than 1%,
and this value was entered as a conservative estima-
tion. There is a lack of precise information on many
population parameters in turtles (SHINE & IVERSON,
1995) and this is a problem for constructing realistic
population viability analyses (BOYCE, 1992). There-
fore, we started with an optimistic simulation (50%
females reproducing every year, no catastrophes) and
conducted a sensitivity analysis. Table 1 summarizes
values entered in the simulations. We did not include
density-dependent reproduction in our model, but in-
cluded a carrying capacity of 60 + 5 turtles. This
value was estimated from a density of 5-7 individuals
per hectare (MAzzoTTI, 1995; DUGUY, 2000). Only
one local population was modelled (Centeans ponds)
because we did not record any individuals chang-
ing between Centedns, O Cerquido, or Orbenlle wa-
ter bodies. Simulations were run 500 times during 100
years.
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Results

Identification of conservation problems and
their causes (Fig. 1)

Introduced exotic species

Allochthonous populations of a predatory fish,
the black-bass (Micropterus salmoides [Lacepede,
1802]), of the red swamp crayfish (Procambarus
clarkii [Girard, 1852]), and of the red-eared slider
(Trachemys scripta elegans [Wied, 1839]) exist in
the study area. The first two species have been
introduced by anglers, and the presence of the
American slider is the consequence of pet trade
(BRINGSQE, 2001).

Pet trade

During the 1980s, Emys orbicularis was frequently
sold in local pet shops. Now it is forbidden to trade
native terrapins, i. e., E. orbicularis and Maure-
mys leprosa (Schweigger, 1812). However, sporadic
captures of turtles with clear symptoms of having
lived in captivity far away from any populations
suggests that some turtles are still kept in private
hands.

Direct disturbance

The artificial ponds are used by fishermen, looking
for black-bass. There is also evidence that some
turtles have been captured in crab traps, but the
intensity of mortality caused by fishing (NEMOZ et
al., 2002) and drowning in crab traps is unknown.
Furthermore, basking is a basic behaviour in pond
turtles (DI TRANI & ZUFFI, 1997), and therefore
the continuous presence of people might impede
these turtles’ ability to thermoregulate.
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Fig. 1. Conceptual model of the man-
agement plan for Emys orbicularis in
the Louro river basin to maintain vi-
able populations in the long-term. Six
major problems were identified, and
causes and proposed solutions are in-
dicated.

Small population size

Population size is clearly related to extinction
probability (BROOK et al., 2000). If populations
have a very small size and there is an unbalanced
sex ratio, both factors might combine to increase
extinction risk, due to stochastic processes. Ta-
ble 2 indicates that all populations are small and
have more males than females. According to MAZ-
ZOTTI (1995), turtles with a carapace length below
80 mm were considered juveniles. The sex ratio ex-
pressed as relative male frequency, males/(males +
females), was 0.64. It deviates significantly from
an even sex ratio of 0.5 (x* = 6.55, d.f. = 1, P
= 0.011). KELLER (1997) considered all individu-
als under 130 mm carapace length to be juveniles.
Following KELLER’s approach, the sex ratio would
be even more male-biased (0.74 males/total, x> =
11.08, d.f. = 1, P < 0.001).

Habitat destruction

Most wetlands have been converted to agricul-
tural, industrial, or urban areas during the last 50
years. This is the problem most commonly cited
to explain the decline of E. orbicularis populations
(FrITZ, 2001, 2003). Habitat reduction for turtles
is evident comparing aerial photographs taken by
military or geographic services between 1945 and
1996 (Fig. 2). Direct destruction of ponds also oc-
curs: In December 1997 the O Cerquido pond was
completely covered by gravel and other residual
materials from companies that cut granite blocks.
We were unable to stop these activities, even after
repeated requests. By July 1998, almost no water
remained. We captured seven turtles and released
them at Centeans in 1999 (five were resighted un-
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Table 2. Population structure of Emys orbicularis in three artificial pond systems in Northwest Spain. In brackets data for (males

hatchlings)

Recorded numbers

1998 1999 2000 2001 2002 Total

1996 1997

Population

25
(12:8:5:0)

pond destroyed in 1998
7 turtles released in Centeans (not included in this table)

recaptured 13

19 recaptured 14

(11:7:1:0)

O Cerquido

(6:6:1:0)

(7:7:0:0)

new 2
(0:1:1:0)

new 4
(1:0:3:0)

recaptured 18

recaptured 24 recaptured 27 recaptured 27 recaptured 34 79
(30:18:13:18)

22
(17:4:1:0)

Centeans

(11:7:6:0) (12:8:7:0) (12:9:6:0) (12:14:8:0)

(14:3:1:0)

new 4
(1:1:2:0)

new 3 new 14
(3:0:0:0)
recaptured 2

new 14

new 22

(4:5:2:3)
recaptured 4

(2:1:3:8)
recaptured 3

(8:7:5:7)

19
(11:8:0:0)

recaptured 8

Orbenlle

(5:3:0:0)

(1:1:0:0)

(2:2:0:0)

(3:0:0:0)

(3:2:0:0)

new 2
(1:1:0:0)

new 5
(3:2:0:0)

new 1
(1:0:0:0)

new 6
(3:3:0:0)

til 2002). The O Cerquido habitat was completely
lost, and 13 turtles most likely died.

Pollution

The river Louro is one of the most polluted rivers
in Spain, receiving residual waters from many in-
dustries (ALVAREZ-CAMPANA GALLO, 1996), and
urban waste waters from O Porrino (population:
17,000), that produce a drastic reduction in the di-
versity of macro-invertebrates in the lower course
of the river (PARDO, 1994). Furthermore, high
concentrations of pesticides (mainly lindane) have
been detected in ground water (GONZALEZ RO-
DRIGUEZ, 1999), derived from a pesticide industry
that existed in the 1960s.

Population viability analysis

This analysis was done to predict how different
management strategies could affect the survival
probability of the population. Figure 3 shows the
results of simulations. We started with a conser-
vative situation (Tab. 1), and modelled the future
of the Centedns ponds, starting with 60 turtles
with a known age structure (as in 2000). This
“optimistic” simulation suggests that the Cen-
teans population has a 98% probability of surviv-
ing 100 years, even if nest mortality was entered
as 90%, similar to field data from other popula-
tions (ROVERO & CHELAZZI, 1996; JAB30SKI &
JAB30OSKA, 1998; ZUFFI et al., 1999; ROSSLER,
1999; CHELAZZI et al., 2000). Reducing mortal-
ity of neonates to 25% increases survival probabil-
ity to 100% (Fig. 3). The model is very sensitive
to changes in adult and juvenile survivorship. If
the original analysis is repeated increasing mor-
tality to 5% in juveniles, 10% in females and 20%
in males, then we have only 51% probability of
maintenance after 100 years (Fig. 3). If two kinds
of catastrophes are included (the first occurring
with 0.05 annual probability, reducing reproduc-
tion and survival by 25%; the second with 0.01
annual probability, reducing reproduction by 50%
and survival by 75%), survival probability for 100
years drops to 8%. We modelled the effect of pop-
ulation restocking for 10 years (from year 10 to
20), adding 20 males and 20 females of one year
of age to the realistic scenario with catastrophes
(head-starting, see HEPPELL & CROWDER, 1996).
This measure had a limited effect on the long-term
maintenance probability of the population (17.6%;
Fig. 3).

Discussion

The three local Galician populations suffer from
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Fig. 2. Aerial photographs of the valley of the Louro river in 1945 and 1996. Note heavy industrialization and
wetland reduction. Photos by Spanish Army (1945) and Sociedade de Desenvolvemento Comarcal de Galicia
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the same problems: the individual numbers are
very low, and the sex ratio is male-biased. The
sex ratio varies considerably between different
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Fig. 3. Results of the popula-
tion viability analysis for the
Centedns population. We star-
ted with an optimistic situa-
tion and assumed that 50% of
females reproduce every year.
Nest mortality has a limited ef-
fect on survival probability. In-
cluding two catastrophes sug-
gests only 8% of populations
would survive 100 years. Sup-
plementing these populations
with 20 males and 20 females
of one year of age from year
10 to 20 has a limited effect
on the long-term maintenance
if catastrophes are not avoided.
The model is very sensitive to
increased adult mortality.

Emys orbicularis populations. In Italy it is female-
biased, in some cases up to 2 : 1 (UTZERI, unpubl.
data; MAzzOTTI, 1995). In France, the percent-



age of males may be only 30-40% of adults in one
population (GIRONDOT & PIEAU, 1993; SERVAN,
1998; PARDE et al., 2000). In the former USSR,
SNIESHKUS (1998) found female-biased sex ratios
in six out of eight populations. In contrast, in Cen-
tral Anatolia males outnumbered females in two
out of three localities (TASKAVAK & REIMANN,
1998), and in Southwest Spain the sex ratio is also
male-biased (62% males; KELLER, 1997), but not
in Catalonia (40% males; MASCORT, 1998).

Population density in Galicia resembles den-
sities in other parts of the species’ range. In Cen-
tral Italy, UTZERI (pers. comm.) found an aver-
age population size of 22.7 individuals in seven
ponds of similar size to ours, and between 7 and
11 individuals were counted in ponds of 65-90
m? in Central France (NAULLEAU, 1991). Other
authors indicate variable densities, probably due
to local habitat characteristics (MAZZOTTI, 1995;
SERVAN, 1998; DuGUY, 2000).

Related to small population size is the fact
that turtles reproduce only rarely in Galician pop-
ulations. This problem seems common for terrap-
ins in Iberia, as indicated by KELLER’s (unpubl.
data) finding of only six hatchlings from 1991 to
1995 (an unusual series of dry years) in the Dofiana
National Park. The percentage of females that re-
produce every year seems, therefore, very low. As a
conservative estimate, 50% of females reproduced
every year in our model, but this might be an over-
estimation. This is in contrast to other emydids,
where most or all females nest annually (JACKSON
& WALKER, 1997).

Our data indicate six major problems for
the survival of E. orbicularis in Northwest Spain
(Fig. 1). First, the introduction of exotic predatory
fishes (Micropterus salmoides) and other species
is likely to explain the low recruitment of hatch-
lings. Furthermore, one big male was found mori-
bund and one female dead (with our plastic tags
forcibly removed) probably after having been cap-
tured in a crayfish trap (ROOSENBURG et al.,
1997). It is obvious that fishing and crayfish trap-
ping should be forbidden in areas where E. orbic-
ularis populations are known (Fig. 1). Trachemys
scripta (Schoepff, 1792) is already common in the
area, and it has successfully reproduced in out-
door ponds in Northwest Spain (AYRES, unpubl.
data, but see LUISELLI et al., 1997). The effect of
this species on FE. orbicularis is still poorly known,
but recent experiments suggest that it is a strong
competitor (CADI & JOLY, 2003). We suggest an
environmental education plan to minimize these
threats (Fig. 1).

Second, human activity is also directly nega-

tive for turtles (GARBER & BURGER, 1995; JACK-
SON & WALKER, 1997). E. orbicularis is still cap-
tured as a pet, despite it being illegal. Further-
more, most of the individuals from the Centeans
population had been illegally marked before 1999
by unknown people by writing numbers on the
carapace and plastron, probably using a pyroen-
graving device. This harmful marking method was
very probably applied by environmentalists with
the objective of obtaining information that would
help to conserve the turtles, but paradoxically it
has resulted in damaging them. The hurt shell area
was infected in some individuals.

The third problem is direct human distur-
bance. The last colonies of E. orbicularis survive in
an industrial area. Clay pits are common and act
as a substitute for the original wetlands that were
formerly widespread. But these artificial ponds are
ephemeral. During 1997 one pond dried up in just
one day (we were informed that some terrapins
were captured), and in 1998 the O Cerquido pond
was destroyed. These are the kind of catastro-
phes that we included in the simulations. In re-
cent years some ponds were destroyed as a conse-
quence of road construction, and most of the re-
maining ponds are heavily polluted or inaccessible.
The natural corridor of the Louro river is highly
polluted (PARDO, 1994) and probably does not
help turtle dispersal very much. Some ponds that
could be a good habitat for the turtles are now in-
side the industrial area. Therefore, they cannot be
reached by natural dispersal (Fig. 2). Again, an
environmental education plan seems appropriate
to minimize human disturbance to terrapins.

Stochastic demographic processes might com-
bine to increase extinction probability in small
populations. We never observed nesting behaviour,
although hatchlings were found in 1998, 1999,
2001, and 2004 in Centedns. Males were observed
courting and mounting females, even when two in-
dividuals were temporarily maintained in a con-
tainer for marking procedures. Moreover, the num-
ber of females is too low. This could be partially
corrected by captive breeding of females and the
supplementation of the population with more fe-
males than males (VOGT, 1994). Nevertheless, our
simulations do not suggest the release of hatch-
lings to be a good management measure. Also
head-starting is not a good management tool for
long-lived animals if adult mortality remains high
(HEPPELL & CROWDER, 1996). Further, GIRON-
DOT et al. (1998) suggested that feminizing em-
bryos of E. orbicularis is not a good strategy be-
cause with artificial incubation many phenotyp-
ically female turtles are produced but these in-
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dividuals are unable to reproduce normally and
therefore do not contribute to the population.

We are confident that our sampling procedure
is not male-biased. Capturing was nearly complete
in all populations. Thus, the recorded sex ratio is
the real sex ratio of the population, and males out-
number females indeed. There are four factors in-
fluencing adult sex ratio: hatchling sex ratio, dif-
ferences in male and female mortality and emi-
gration rates, and different maturity ages of males
and females (GIBBONS, 1990). Moreover, tempera-
ture affects the primary sex ratio in E. orbicularis.
Incubation temperatures of 25°C produce 100%
males, 30°C produce 100% females, and 28.5°C
result in 50% of each sex (GIRONDOT & PIEAU,
1993; P1EAU, 1998). The studied populations oc-
cur at the northern distribution limit of E. orbic-
ularis in Spain. Here, high temperatures are rare
in spring, suggesting that climate may favour the
production of males. Interestingly, male-biased sex
ratios were also found in northern populations of
Sternotherus odoratus (Latreille, 1801) in Canada
(EDMONDS & BROOKS, 1996). The observed low
number of females could also be explained by
a higher mortality rate during reproduction. Fe-
males move long distances to find suitable nesting
sites, and show high nesting site fidelity (ROVERO
& CHELAZZI, 1996). Nesting females are highly
vulnerable to predation (JACKSON & WALKER,
1997). If a higher adult female mortality occurs
in our populations, then we would expect females
to be rarer among old age classes. However, our
data do not support this hypothesis: females are
rare among young and old individuals. Our results
rather suggest a male-biased hatchling sex ratio or
a greater juvenile mortality of females as causes for
the male-biased adult sex ratio.

The maintenance of viable populations of the
European pond turtle in Northwest Spain is, there-
fore, dependent on protection measures for the ar-
tificial ponds, and also an ecological restoration
of the area. Our population viability analysis sug-
gests that the crucial management measures are
diminishing mortality and increasing carrying ca-
pacity. Turtles are sometimes killed on roads or
are captured when they move between ponds. Cre-
ating a reserve in this area and talking to local
people to convince them to release captive ani-
mals could be helpful. Increasing the number of
suitable nesting sites could also increase popula-
tion size (the artificial ponds have almost vertical
banks). This could be achieved by reconstructing
pond banks, building new ponds, or facilitating
the colonization of already available ponds. Sup-
plementing the population with captive-bred tur-
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tles does not seem to be a good strategy if mortal-
ity remains high, but this activity might have im-
portant social effects and could be important for
environmental education. Avoiding catastrophes,
such as the destruction of the O Cerquido pond in
1998, should also be addressed. Fortunately, the
area has been included in the NATURA 2000 list
of protected habitats.

Finally, given the deterministic nature of
habitat destruction and pollution, measures to
correct these problems are a priority. Currently
there is a plan to eliminate all pollution sources
from industrial and urban waste waters (Fig. 1).
Therefore, we suggest that a project of ecologi-
cal restoration of wetlands is the most important
component of the management plan for these pop-
ulations.
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