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We have analyzed long-term (1987–2011) data on the reproduction of the turtle Emys orbicularis in western and central Poland. 
In contrast to earlier evidence, which suggested that E. orbicularis rarely reproduces successfully in the northern part of its 
distribution area, we document successful reproduction in at least 16 out of the last 20 seasons, including annual reproduction 
since 1998. Hatchlings emerged either in late summer or autumn, or overwintered in nests and emerged between late February 
and May of the following year.
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INTRODUCTION

The aquatic European pond turtle Emys orbicularis is 
the only native chelonian species in central Europe. 

Its range embraces North Africa, southern, central, and 
eastern Europe and adjacent Asia up to the Aral Sea. 
The northernmost populations occur in northeastern 
Germany (Brandenburg), Poland, Lithuania and Latvia 
(Fritz, 2003; Sommer et al., 2007). At present, the species 
is endangered in many parts of its distribution range 
(Fritz, 2003). Suboptimal climate precluding annual 
reproductive success has been considered as one of the 
main factors threatening the existence of the species in 
the northern parts of its range, although anthropogenic 
factors might have played a more prevalent role, causing 
local extinctions (Fritz, 1996; Sommer et al., 2007, 2009). 

For successful reproduction, the European pond turtle 
needs summers with sufficiently high temperatures 
and insolation rates (e.g., Sommer et al., 2007, 2009). 
Research carried out in the 1980s and 1990s showed 
that, in the northern part of the distribution area, embryos 
did not complete their development or overwintering 
hatchlings died because of severe frost (Zemanek, 1991; 
Andreas & Paul, 1998; Najbar & Szuszkiewicz, 2005). 
Nevertheless, evidence of successful reproduction was 
found for example in central Poland (where hatchlings 
were recorded in spring, Zemanek & Mitrus, 1997) as well 
as in Germany (Andreas et al., 1996). Based on summer 
temperatures in Poland, Zemanek (1991) estimated that 
E. orbicularis could have successfully reproduced in 23 
out of 57 seasons between 1931 and 1988. Mitrus (2005) 
assumed that the species could reproduce successfully 
only every second year, although reproductive success 
was recorded over four successive seasons (1998–2001). 
However, detailed data on how often the northernmost 

populations reproduce successfully were so far lacking, 
mostly due to the fact that neonates can emerge from nests 
during summer, autumn or the following spring (Mitrus 
& Zemanek, 2003; Mitrus, 2005). Here, we present 
a comprehensive dataset on reproductive success of E. 
orbicularis at the northern range of its distribution. 

MATERIALS AND METHODS

Fieldwork was conducted in the Borowiec Nature 
Reserve (central Poland, CP) from 1987 to 2011, and in 
the Lubuskie district (western Poland, WP) from 1994 
to 2011. The Borowiec Nature Reserve is situated in the 
Zwoleńka River valley (the Radom District; Zemanek, 
1992; Mitrus & Zemanek, 2004). In WP, turtles were 
studied in the Ilanka river valley and the Pliszka river 
valley (Najbar & Szuszkiewicz, 2007).

Each year during the egg-laying season (mid-May 
to mid-June), females were observed when moving to 

Fig. 1. Variation in egg laying time of the turtle Emys 
orbicularis in Poland. Day of year - No. of days from 
January 1st.
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nesting sites and during nesting. Nests were marked by 
placing pegs at the corners of a 50 cm square centred 
on the nest, and checked irregularly from May to mid-
August for signs of predation. We also checked the 
marked nests sporadically in autumn, winter and the next 
spring (Mitrus, 2005; Najbar & Szuszkiewicz, 2005).	

From 1989 (CP) and 1999 (WP) onward, all known 
nests, or part of them, were opened and hatchlings or 
eggs were transferred for artificial rearing in late summer 
(Zemanek, 1992; Mitrus, 2005; Najbar, 2005; Najbar 
& Szuszkiewicz, 2005). We therefore do not know, 

however, if hatchlings would have overwintered in the 
nest or emerged in late summer or autumn. 

In CP, turtles were also captured in a water reservoir, and 
the age of unmarked one-, two-, or three-year-old turtles 
was determined by counting the annual growth rings on 
the carapace (Zug, 1991; Mitrus, 2009). Data concerning 
such individuals, as well as data on the numbers of live 
and road-killed hatchlings between nesting areas and 
water reservoirs are also included in this study. Statistical 
analyses were carried out using the software package 
Statistica 6.1. (StatSoft Inc., 2004).

Table 1. Data on incubation success and hatchlings nest emergence of the turtle Emys orbicularis in Poland.  

western Poland [Lubuskie district] central Poland [Zwoleńka river valley]

summer / autumn following spring

nest opened nest opened nest opened nest opened

 / with live date of emergence date of emergence / with live / with live date of emergence date of emergence / with live 

year  hatchlings*     (No. of nests)     (No. of nests) hatchlings hatchlings*     (No. of nests)     (No. of nests) hatchlings

1987 2/0 [beginning Jun]

1988 2/0 [beginning Jun]

1989 3/3

1990 1/1

1991 2/2 before 13 Sep (1)

1992 2/2 between 7–14 Sep (4) 

1993 6/2

1994 1st half of May (1) 8/4 5 Sep (1)

1995 1/0 [~10 May] 7/5

1996 3/0 [~30 Apr] 2/0

1997 20/18

1998 9/5 before 28 Mar (1), 28 Mar (1), 1/1 [16 Apr]

    between 28 Mar–5 Apr (2)

1999 8/8 3/3 24 Aug (1), 25 Aug–11 Sep between 25 Mar–7 Apr (2), 3/1 [30 Apr]

    (10), 16 Oct–6 Nov (1)     12  Apr (1)

2000 3/3 5/2 before 7 Sep (1), 18–20 Sep between 13–27 Apr (1)

    (1), ~10 Oct (1), between

    10 Oct–26 Nov (1)

2001 9/9 between 14–21 Sep (1) before 22 Feb (1), between 1/1 [17 Mar], 9/1

    26 Mar–4 Apr (1), 11 Apr (1)     [1–2 May]

2002 6/6 2/0 [~10 May] between 2 Sep–2 Oct (1)

2003 7/7 4/0 [~10 May] between 7–17 Sep (5), 1–3 1/0 [4 May]

    Oct (1)

2004 since 1st half Apr (12)** before 1 Oct (1) 2/1 [3 and 26 May]

2005 2nd half Sep (1) 2nd half of Apr (4) before 4 Apr (1), between

     15 Apr–11 May (2)

2006 2nd half Sep (1) 2nd half of Apr (7) 1/1 between 19 Aug–9 Sep (1), between 17 Mar–1 Apr (2) 1/1

    14–30 Sep (1), 7–21 Oct (1)

2007 4/4 since middle Apr (8) before 31 Mar (2) 6/2 [12 Apr]

2008 5/5 since 19 Apr (1) between 23 Aug–11 Oct (2) 6/0 [4 Apr]

2009 2/2 since 1 Sep (1) and since 5 Apr (2), 9 Apr (1) 3/2 before 5 Apr (3)

    since 3 Sep (1)     and 12 Apr (1)

2010 4/4 since 30 Mar (2) before 8 Apr (2) ***

2011 before 2 Oct (2), before 20 Sep (1)

between 2–16 Oct (4)

* - 1st half of Sep (except for central Poland in 1999 - 17 Sep, and 1989, 2009 - mid Oct); ** - before 13 Apr (1); since: 13 Apr (1), 16 Apr (1), 17 Apr (1), 20–22 Apr (6), 1 May (1), 

     3 May (1); *** - two other nests with signs of emergence found in end of May.

following spring summer / autumn
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Table 2. Reproductive success of the turtle Emys orbicularis in Poland.

Eggs laid in 
year

        Found nest emergence Other data on reproductive success

western central (collected in the Zwoleńka river valley, central Poland)

1987 ? in spring 1988 found destroyed nests with parts of eggshells, eggs with dead embryones, and dead hatchlings (Zemanek, 1992)

1988

1989 ? in spring 1990 found destroyed nests with parts of eggshells, eggs with dead embryones, and dead hatchlings (Zemanek, 1992)

1990

1991 yes yes migrating hatchling found on 03.06.1992 (Zemanek & Mitrus, 1997)

1992 yes

1993

1994 yes yes yes migrating hatchling found on 23.04.1995; two dead hatchlings found (25.04 and 01.05.1995) on road (between nesting area and 
water reservoirs) (Zemanek & Mitrus, 1997)

1995

1996

1997

1998 yes yes in 2000 and 2001 in water reservoirs young, non-marked turtles were caught, based on the annual growth rings they were 
hatched from eggs laid in 1998 (7 individuals), 1999 (3) and 2000 (2); one dead hatchling found on road on 19.09.1999 (A. 
Kotowicz - unpubl. data)   

1999 yes yes

2000 yes yes

2001 yes

2002 yes

2003 yes yes in July and August 2006 in water reservoirs have been cought young, non-marked turtles: based on the annual growth rings 
several of them have been hatched from eggs laid in 2003 and 2004, and one from eggs laid in 2005; two dead hatchlings found 
on ground road on 30.04.2005 (A. Kotowicz - unpubl. data)    

2004 yes yes yes

2005 yes yes yes

2006 yes yes yes migrating hatchling found on 19.09.2006 (A. Kotowicz - unpubl. data)

2007 yes yes

2008 yes yes

2009 yes yes yes alive hatchling found on road on 13.05.2010 (A. Kotowicz - unpubl. data)

2010 yes yes yes in spring and summer 2011 in water reservoirs three young, non-marked turtles were caught: based on the annual growth rings 
they were hatched from eggs laid in 2010 (A. Kotowicz - unpubl. data)

2011 yes yes

RESULTS

We gathered data on 205 clutches in CP from 1987 to 
2011, and 108 clutches in WP from 1992 to 2011 (Fig. 1). 
Variation of nesting time is considerable, with the earliest 
recorded nesting on  May 14, 2000  (CP), and the latest on 
June 19 (CP, 2008 and 2007). The egg-laying season can 
last longer than two weeks (e.g., in 2001 and 2008 in CP, 
and 2004 in WP; Fig. 1). There was no difference in the 
median dates of egg laying in CP and WP (t-paired test, 
t=0.020, df=9, P=0.98; for which we have three or more 
seasons data on egg layings). No multiple clutch deposits 
were recorded for any female in the same season. 

In the first half of September, hatchlings were present 
in most of the opened nest chambers (in 42 out of 63 
opened in CP, and in all 48 in WP, Table 1). Hatchlings 
left the nest chambers from late August (e.g., August 
24, CP, 1999) to autumn (October 16–November 6, CP, 
1999; Table 1). Hatchlings also overwintered in the nest 
chamber, emerging from it between late February and 
May (Table 1). In any season, hatchlings from some of 
the nests emerged in late summer and other hatchlings 
overwintered in the nest (Table 1). In CP we recorded 

annual successful reproduction between 1998 and 2011, 
and in western Poland between 2004 and 2011 (Table 2). 

DISCUSSION

In Poland, European pond turtles have reproduced 
successfully every year during the last fourteen seasons 
(1998–2011), and in at least 16 out of the last 20 seasons 
(Table 1). This contrasts to previous data which suggested 
that reproduction is rare (e.g., Młynarski, 1971; Zemanek, 
1991). However, natural history data for E. orbicularis 
were limited, and a denser monitoring commenced only 
in the 1990s (Ota, 1999; Hödl & Rössler, 2000; Fritz, 
2003). More frequent observations of reproductive 
success could result from increased monitoring efforts, or 
from increasing temperatures leading to more favourable 
climatic conditions (cf. Walther et al., 2002; Synthesis 
Report, 2009). 

Early life stages of turtles are greatly affected by 
temperature, affecting energy reserves and fitness 
(e.g., Freedberg et al., 2001; Willette et al., 2005) 
as well as sex ratio (e.g., Vogt & Bull, 1984). Our 
data are insufficient to determine whether egg laying 
dates of E. orbicularis in Poland are correlated with 
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temperature (e.g., for part of seasons only small 
proportions of nesting females were found). Increasing 
global temperatures could also lead to hatchlings 
which more frequently emerge from their nest during 
summer/autumn rather than during the following spring.  

The time when the hatchlings of the European pond 
turtle emerge from their nest differed from year to year. 
It is well documented that hatchlings of some freshwater 
turtle species spend their first winter in or below the nest 
cavity, while hatchlings of other species emerge during 
summer or autumn and probably hibernate underwater 
(Ultsch, 2006). Hatchlings of the European pond turtle 
exhibit both behaviours (Mitrus & Zemanek, 2003; 
Mitrus, 2005; this study). Overwintering of hatchlings 
in the nest could have ecological and evolutionary 
implications (Gibbons & Nelson, 1978; Costanzo et al., 
2008). During strong winters, mortality rates of hatchlings 
overwintering on land may be very high (Andreas & Paul, 
1998; Najbar & Szuszkiewicz, 2005); data on survival 
rates for hatchlings which overwinter in water reservoirs 
are as yet not available.

The European pond turtle is rare in many regions across 
its range, and conservation programmes are carried out 
across its European range (e.g., Germany: Schneeweiss, 
1998; Lithuania: Meeske, 2000; Italy: Ferri et al., 1998; 
Zuffi & Ballasina, 1998; Spain: Mascort, 1998; Poland: 
Jabłoński, 1992; Zemanek, 1992). It is often assumed that 
E. orbicularis has difficulties to reproduce in the wild in 
northern parts of its distribution area, whereas the present 
study showed that annual successful reproduction was 
possible over the past 16 years. 
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