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Is the invasive pond slider (7rachemys scripta) favoured
by a longer activity period than the native Mediterrane-
an pond turtle (Mauremys leprosa)?
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The annual activity patterns of the non-native pond slider (Trachemys scripta) and the native Medi-
terranean pond turtle (Mauremys leprosa) were assessed through transect surveys conducted in two
irrigation channels in the Llobregat Delta (Barcelona, Spain), between July 2011 and May 2014.
Individuals of T. scripta were categorised into four size classes (neonates, juveniles, subadults, and
adults), whereas M. leprosa was treated as a single class including subadults and adults, as only
two neonates and three juveniles were recorded. A total of 62 valid transects yielded 2525 T. scripta
and 119 M. leprosa encounters. Activity of T. scripta began earlier in the season, with smaller indi-
viduals appearing in March and adults becoming more prominent approximately one month later,
remaining active until October-November. A reduction in activity was noted during summer, par-
ticularly among adults and, to a lesser extent, subadults. Adult T. scripta ceased activity earlier
than subadults and juveniles, which remained active until November. In contrast, M. leprosa was
active from April to September, with reduced activity in October. Neonates of T. scripta were pre-
sent in aquatic habitats from March to October, occasionally extending into November, with peak
abundance in June. The longer annual activity period of T. scripta may confer competitive ad-
vantages in resource acquisition during more prolonged warm seasons, potentially contributing to
its invasive success in Mediterranean wetland ecosystems. In addition, these results suggest an
extended reproductive season with the potential for multiple oviposition events annually.
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The introduction of non-native terra- pas, 2013). Early import records indicate

pins into aquatic ecosystems represents a
pervasive and escalating threat to biodi-
versity worldwide. Among these invaders,
the pond slider (Trachemys scripta) is con-
sidered one of the most problematic inva-
sive turtles in many countries (LAMBERT et
al., 2019) and is listed among the 100 most
harmful invasive species (Lowe et al., 2004;
CaTtALoco EspaNoL Dk Especies INTRODUCI-
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substantial releases and escapes during the
1980s and 1990s, with estimated import
volumes reaching hundreds of thousands
of individuals (BarqQuero, 2001; Prévor-
JurLiarp et al., 2007). Although commer-
cial restrictions were later imposed, in-
complete regulatory enforcement allowed
continued introductions and subsequent
releases, leading to the widespread estab-
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lishment of exotic terrapin assemblages in
freshwater systems (Ficerora et al., 2009;
Tierz et al., 2023). In Catalonia (Spain),
nearly 20 exotic terrapin taxa have been
detected, with several populations repro-
ducing in the wild (Escoriza & Pascuat,
2021; 2023; GARcia-
SALMERON et al., 2024; FraNcH et al., un-
published data).

Trachemys scripta is native to the south-
ern United States and adjacent regions of

MonNToRr1 et al.,

Mexico (MARTINEZ-SILVESTRE ef al., 2015;
Fritz et al., 2024). Its range has expanded
dramatically through human-mediated
release, habitat alteration, and urbanisa-
tion, now encompassing Europe, Africa,
Asia, and the Americas outside its native
range (TiEDEMANN, 1990; CHEN & LuUg, 1998;
Lowe et al., 2004; Fritz et al., 2023, 2024).
Due to its pronounced ecological and
physiological plasticity, the species can
colonise a broad spectrum of aquatic envi-
ronments, including habitats that diverge
markedly from its conditions
(GiBBONS, 1990). Its expansion has been

native

particularly well documented in Mediter-
ranean countries (GENIEZ & CHEYLAN, 1987;
LuiseLLr et al., 1997; FiLeLLa et al.,, 1999;
PLEGuEzUELOS, 2002), where the species
persists across diverse thermal regimes,
hydrological settings, and anthropogeni-
cally altered landscapes. Empirical studies
have shown that T. scripta competes with
native turtle species for critical resources:
it displaces basking opportunities from
Emys orbicularis and Mauremys leprosa, of-
ten outperforming natives in securing pre-
ferred basking sites under both interspe-
cific and mixed-assemblage conditions
(Cabr1 & Jory, 2003; PErez-SANTIGOSA et al.,
2008a; PoLo-Cavia et al., 2010) and exploits

overlapping trophic niches with Mediter-
ranean and European pond turtles, poten-
tially constraining native foraging oppor-
tunities (PEREZ-SANTIGOSA et al., 2013).

In Spain, T. scripta has been recorded in
32 provinces and 17 autonomous commu-
nities (MARTINEZ-SILVESTRE ef al., 2015).
However, it is important to distinguish
between urban populations and truly feral
populations occurring in natural ecosys-
tems. In Spain, the species occupies both
natural and artificial aquatic environ-
ments, including river mouths, irrigation
channels, ponds and reservoirs. It is typi-
cally found at low to mid elevations,
where climate and resource availability
favour survival and reproduction (FrRancu
et al., 2015, MARTINEZ-SILVESTRE ef al.,
2015). In Catalonia, the species is also pre-
sent in all types of freshwater bodies, both
natural and artificial, particularly at low
altitudes (FrancH et al., 2015; MonNTORI ef
al., 2023). Most records occur below 300
metres above sea level (average: 109.4 m,
STD: 1484 m; data from hittps://
ornitho.cat), where climatic conditions and
suitable freshwater bodies favour its per-
sistence. Occasional sightings have been
reported at higher elevations, sometimes
reaching approximately 800-1100 metres
(https://ornitho.cat), although these rec-
ords are less frequent and often linked to
human-mediated releases rather than nat-
ural colonisation. Overall, T. scripta is pri-
marily distributed in lowland and sub-
montane zones, with its presence decreas-
ing noticeably with increasing altitude.

Reproduction of T. scripta in the wild
(i.e., location of nests or observation of
newly hatched hatchling) has been docu-
mented in several areas of Catalonia, in-
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cluding the Llobregat Delta (Barcelona; D
1998), the Ebro Delta
(Tarragona; BErRTOLERO & Canicro, 2000),
the Aiguamolls de I'Emporda (Girona;
FiLeLra ef al., 1999; CAPALLERAS & CARRET-
ErRO, 2000), and the Foix River Reservoir

Roa & Roig,

(Barcelona; MARTINEZ-SILVESTRE et al.,
2006). It is therefore reasonable to assume
that viable reproduction occurs in most
low- and moderate-altitude aquatic envi-
ronments. In the Llobregat Delta, a signifi-
cant population of pond sliders coexists
with the Mediterranean pond turtle,
Mauremys leprosa (FRancH et al., 2022). Both
species occur syntopically in most availa-
ble aquatic habitats and are considered
locally abundant, although T. scripta is cur-
rently the dominant terrapin in the area
(FrancH et al., 2007, 2015).

Despite its wide distribution in the Ibe-
rian Peninsula, few studies have examined
the annual activity patterns of T. scripta.
Available work has been conducted main-
ly in Huelva (PErez-SanTticosa, 2007; Pg-
REZ-SANTIGOSA et al., 2006; 2008a; 2008b;
2011; 2013) and in Catalonia using capture
records and field observations (FrRancH et
al., 2006a, 2006b, 2007, 2012). The two spe-
cies also differ in catchability and detecta-
bility (FrRancH et al. 2007): whereas T. scrip-
ta is easily detected during visual surveys,
M. leprosa tends to exhibit more cryptic
behaviour (A. Montori, M. Franch, person-
al observation), which may lead to their
underestimation. These differences may
reflect variation in ethological traits, with
T. scripta being more anthropophilic than
M. leprosa (MARTINEZ-SILVESTRE et al., 2001)
or differences in trapping efficiency be-
tween the species (Zucap1i & BUENETXEA,
2004; Garcia-Diaz et al., 2017).

The present study describes the annual
activity cycle and phenology of T. scripta
and, secondarily, M. leprosa in two irriga-
tion channels of the Llobregat Delta
(Barcelona, Spain), based on standardised
visual transect surveys conducted over a
three-year period.

MATERIALS AND METHODS

Between 13 July 2011 and 5 May 2014, a
total of 62 runs along two independent
transects were conducted in the irrigation
channels Corredera dels Llanassos (start:
41.281835 N, 2.035181 E; end: 41.279764 N,
2.042975 E) and Corredera del Serral Llarg
(start: 41.281908 N, 2.035028 E; end:
41.288531 N, 2.033628 E) (Fig. 1). Transect
lengths were 746 m and 752 m, respective-
ly. Visual detection of individuals was
conducted from a vehicle driven at a con-
stant low speed (approximately 5 km/h)
along two local tracks adjacent to the sur-
veyed channels. Identification was per-
formed using Nikon 10x25 binoculars.

Individuals of T. scripta were classified
into four size categories: neonates, juve-
niles, subadults and adults. Neonates were
defined as individuals with a carapace
length of less than 40 mm, juveniles be-
tween 40 and 60 mm, and subadults be-
tween 60 and 150 mm. These categories
are indicative and based on the size ranges
proposed by Pérez-Santicosa (2007) and
PEREZ-SANTIGOSA et al. (2008b). Only the
subspecies T. scripta scripta and T. scripta
elegans were included in the analyses. Oth-
er subspecies of T. scripta, as well as other
exotic turtle species occasionally observed
in the study area, were excluded from the
analyses.

Observations of M. leprosa were also
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recorded. However, due to the low num-
ber of observations (only two neonates
and three juveniles during the study peri-
od), individuals were not classified by age

class, and adults and subadults were
grouped together for analysis.

Surveys were conducted between 11:00
-17:00 under favourable weather condi-
tions (clear sky and light wind, 12-19 km/
h; level 3 on the Beaufort scale; GARBETT,
1926). Only individuals observed at the
water surface activity or basking/resting
on land were recorded. High levels of eu-

trophication and water turbidity in the

o Figure 1: Location
£ ‘% of the studied irriga-
! tion channels in the
 Llobregat
il (black dot). (a) Cor-
redera dels Llanas-

sos, (b) Corredera
del Serral Llarg.
Right: Irrigation

channel with bask-
ing Mauremys leprosa.

surveyed channels prevented the detection
of active individuals submerged at the
bottom. Monthly activity patterns were
analysed in relation to the number of valid
transects conducted each month.

ResuLTts

Across the 62 transect runs conducted,
a total of 2525 individuals of T. scripta and
119 individuals of M. leprosa were record-
ed (Table 1).

The annual activity pattern of T. scripta
exhibits a pronounced decrease during the
warmest months (July-August; Fig. 2).

Trachemys scripta

Table 1: Monthly

Mauremys leprosa

Month  Transects Neonates  Juveniles  Subadults  Adults Adults + subadults number of indi-
! 2 0 0 0 0 0 viduals of Trache-
2 2 0 2 3 1 0 .

3 3 5 25 21 8 0 mys scripta  and
4 4 19 69 75 81 10 Mauremys leprosa
5 8 59 59 133 181 16 recorded  during
6 10 127 91 180 247 35

transect surveys,
7 32 42 129 110 19 ;
8 7 13 58 97 74 20 separated by size
9 11 11 61 219 110 17 class.
10 3 6 32 47 56 1
11 4 4 22 13 2 1
12 2 0 0 1 0 0
Total 62 276 461 918 870 119
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Activity increased again during the au-
tumn months, followed by a sharp decline
in November. In contrast, the activity of
M. leprosa showed a modest decline during
July and August and then gradually de-
clined towards the colder months (Fig. 2).

For the three non-adult classes of T.
scripta, the activity pattern was generally
similar to that observed for the species
overall, with two activity peaks in juve-
niles: one following the end of hibernation
(April) and another prior to it (October).
Neonates showed a distinct pattern, with
peak activity in June followed by a gradu-
al decline until activity ceased during the
winter months (Fig. 3).
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" Figure 2: Monthly num-

ber of individuals (adults
+ subadults) of Trachemys
scripta (Y1
Mauremys leprosa (Y2 ax-
is), standardised by the
number of transect runs
(individuals per transect).

axis) and

3]
Number of individuals

DiscussioN

The annual activity pattern of T. scripta
in the Llobregat delta shows a prolonged
period of activity extending from March to
October-November. This pattern is con-
sistent with previous observations report-
ed by Franch et al. (2007) and with cap-
ture data (PErez-Santicosa ef al.,, 2013).
However, the present study reveals im-
portant age-class-specific differences in
activity timing that were not distinguished
in earlier research. While Francu et al.
(2007) grouped all size classes together,
our findings indicate that adults terminate
their active period earlier than subadults
and juveniles, with the latter groups re-
maining active until November (Pfrez-

Figure 3: Monthly number of
neonates, juveniles
subadults of Trachemys scripta,
standardised by the number of
transects (individuals per tran-
sect).

and

10 1 12
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SanTIGOsa et al., 2013). Furthermore, early-
season activity was detected in some
subadults and juveniles as early as Febru-
ary, suggesting differential thermoregula-
tory strategies, wintering requirements,
feeding needs or microhabitat use among
age classes. These ontogenetic differences
in activity patterns may reflect variation in
metabolic requirements, predation risk,
and resource availability across life stages
(N1cHots et al., 2019).

The activity pattern observed in the
Llobregat Delta broadly aligns with data
from other Spanish populations. PErez-
SaNTIGOSA ef al. (2006) documented activi-
ty of T. scripta from February to November
in lagoon populations in Huelva (El
Acebuche and El Portil), with slight varia-
tions between sites (PEREZ-SANTIGOSA et al.,
2013). No active individuals were recorded
during January, indicating a period of re-
duced or absent activity during the coldest
months. The progressive increase in obser-
vations from late winter through late sum-
mer, followed by a decline in autumn,
therefore represents a consistent pattern
across multiple Spanish populations
(PErREZ-SANTIGOSA ef al., 2013). This pheno-
logical pattern is fundamentally similar to
that described for the species in its native
North American range, where activity
generally extends from early spring to late
autumn, with reduced activity during
winter (Spotira ef al., 1990). The consisten-
cy of this pattern across different geo-
graphic regions indicates that temperature
significantly influences the seasonal activi-
ty of the species, despite its capacity for
behavioural thermoregulation in aquatic
habitats (WILLETTE ef al., 2005).

The duration and intensity of winter

dormancy vary geographically in relation
to local climatic conditions. In the Llobre-
gat Delta, hibernation occurs from Decem-
ber to February, representing a relatively
extended dormancy period appropriate
for a population situated at higher lati-
tudes with comparatively cool winters
(PErEZ-SANTIGOSA et al., 2013). However,
residual activity, primarily basking behav-
iour, can be observed in small individuals
during these months (PEREz-SANTIGOSA et
al., 2013). This contrasts with observations
from the more southern region of Huelva,
which exhibits shorter winter dormancy
periods, with some residual activity even
in December (PErEZ-SANTIGOSA ef al., 2013).
This latitudinal gradient in winter inactivi-
ty reflects the influence of local thermal
regimes on overwintering physiology and
behaviour (WILLETTE ef al., 2005; Ramos et
al., 2009). During winter, freshwater turtles
typically reduce their metabolic activity
substantially, although many species re-
tain the ability to move or bask during
favourable weather conditions. Such resid-
ual activity may be particularly important
for juveniles and subadults, as occasional
thermoregulation can reduce energy de-
pletion and facilitate adjustments to
changing
(Costanzo et al., 2008; JacksoN & ULrTscH,
2010). This capacity may improve over-

environmental conditions

winter survival, especially for younger
individuals that are more vulnerable to
temperature extremes and predation when
confined to fixed hibernacula.

The reproductive phenology of T. scrip-
ta in the Llobregat Delta demonstrates a
remarkably extended breeding season
with multiple reproductive pulses. Hatch-
lings reached peak abundance between
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May and July, broadly coinciding with
observations reported by Francu et al.
(20064, 2007) for the same region and near-
by areas. However, the present study doc-
uments a longer period of hatchling emer-
gence than previously reported. While
FrANCH et al. (2006a, 2007) indicated hatch-
ing periods in March—-April for the Llobre-
gat Delta and March-May for La Selva, the
current data show the first hatchlings ap-
pearing in March and continuing through
October, and occasionally into November.
Early hatchlings observed in March may
correspond to late-emerging individuals
from clutches laid during the previous re-
productive season (GARCIA-SALMERON et
al., 2024). Earlier studies reported a laying
period extending from May to August
(MARTINEZ-SILVESTRE et al., 2001).

This prolonged hatchling emergence
period is consistent with the capacity of
female T. scripta to produce multiple
clutches within a single reproductive sea-
son. Different studies have reported that
females can lay several clutches annually
(Tucker, 2001;
2008b). Follicular and egg morphology
analyses suggest that up to four clutches
per year may be possible (PEREZ-SANTIGOSA
et al., 2008b). Given the documented inter-
nesting intervals, as many as five to eight
nests could be expected during the four-
month nesting season in the Llobregat Del-
ta. This reproductive strategy may explain
the observed presence of hatchlings into
late autumn, albeit in progressively lower
numbers. The decline in hatchling observa-
tions after July may reflect either reduced
reproductive output (as not all females
produce multiple clutches) or increased
mortality, as hatchlings are vulnerable to

PEREZ-SANTIGOSA et al.,

numerous avian and aquatic predators.
The extended reproductive period docu-
mented in this study represents an im-
portant adaptation to Mediterranean cli-
matic conditions, where long warm sea-
sons allow prolonged breeding activity.

The activity pattern of M. leprosa differs
markedly from that of T. scripta, with visu-
al observations concentrated between
April and September and remaining rela-
tively stable throughout this interval. This
corresponds to a shorter active season
compared with the invasive pond slider,
which remained active from March
through November. Francu et al. (2007)
reported a hibernation period for M. lepro-
sa extending from mid-November to early
March, suggesting earlier dormancy onset
and later emergence relative to T. scripta. It
should be noted, however, that methodo-
logical differences may influence estimates
of activity periods. Visual surveys, which
were used for M. leprosa, may underesti-
mate activity in cryptic individuals or dur-
ing periods of reduced surface behaviour
(FrancH et al., 2007).

The shorter activity period of M. leprosa
may reflect species-specific differences in
thermal tolerance, metabolic rates, or mi-
crohabitat preferences compared to the
invasive T. scripta. The coexistence of na-
tive and invasive turtles in the Llobregat
Delta involves complex interactions relat-
ed to niche overlap and resource partition-
ing (FrancH et al., 2022). The longer activi-
ty period of T. scripta may provide compet-
itive advantages in resource acquisition
during the prolonged warm season, as in-
dividuals of the invasive species may al-
ready be active and exploiting resources
when native turtles emerge from winter
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dormancy. Such temporal advantages may
contribute to its invasive success in Medi-
terranean wetland ecosystems (PERrez-
SanTiGosa ef al., 2013; FRaNCH et al., 2022).
These differences in activity patterns may
become even more significant under fu-
ture climate scenarios. Ficerora et al.
(2009) highlighted that Mediterranean re-
gions already provide favourable climatic
conditions for pond sliders and predicted
that climate change may further expand
suitable areas for the species. Consequent-
ly, the proportion of populations inhabit-
ing zones suitable for reproduction is ex-
pected to increase (Ficerora et al., 2009).
Climate change may thus enhance the fit-
ness and reproductive success of this alien
species, characterised by high reproduc-
tive output and ecological plasticity, po-
tentially amplifying both its activity peri-
od and its capacity for population expan-
sion.

An increased activity period may also
intensify interactions between native and
invasive species. ANDREU et al. (2003) ob-
served differences in growth rates in na-
tive species in areas occupied by invasive
turtles. Moreover, Diaz-Paniacua et al.
(2005) observed that M. leprosa abandoned
preferred basking sites when introduced
into the same pools occupied by T. scripta
elegans. Experimental work further demon-
strated the dominance of the invasive spe-
cies, with M. leprosa reducing its total
basking time, using shorter basking peri-
ods and avoiding basking near the exotic
individuals (Poro-Cavia et al., 2010).

A detailed characterisation of activity
patterns and reproductive phenology is
therefore essential to elucidate population
dynamics and predict future species inter-

actions across the global invaded range.
Such knowledge is critical for evaluating
the long-term ecological consequences of
biological
freshwater ecosystems such as the Llobre-
gat Delta.

invasions in Mediterranean
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