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Bioacoustics, breeding ecology and range of the Kerala warty frog
Minervarya cf. keralensis from north of the Palghat gap, central
Western Ghats

AMIT HEGDE & GIRISH KADADEVARU"

Breeding Behaviour and Bioacoustics Lab, Department of Zoology, Karnatak University, Dharwad 580003, India

*Corresponding author e-mail: kadadevarug@gmail.com

ABSTRACT — Minervarya cf. keralensis has been detected for the first time north of the Palghat gap in the central Western
Ghats, a range extension of about 85 km. This species calls and breeds in the post-monsoon period (Jan—March) and exhibits
axillary amplexus. Male call characteristics, natural history observations, and distributional complexities are described.
Currently, the Minervarya nilagirica group that includes M. keralensis, show a complex distribution pattern in peninsular India

that is worthy of further phylogeographic study.

INTRODUCTION

he genus Minervarya includes 31 species that are

distributed in South Asia where the majority of species
are known to occur in the Western Ghats (Frost, 2022);
most of the species are widespread while a few are range
restricted (Garg & Biju, 2021). They occupy a wide diversity
of habitats including those close to human habitation,
agricultural landscapes, open lands, and mud puddles. For
several decades this genus was known to be an “unresolved
long standing taxonomic enigma” due to its deeply
conserved morphological characters and crypticity (Garg &
Biju, 2021; Sanchez et al., 2018; Dinesh et al., 2015).

Frogs of the genus Minervarya have received more
attention from taxonomists than other anurans (Garg
& Biju, 2021; Dinesh et al., 2015). Several attempts have
been made to classify minevaryans into different groups
based on morphological traits, size and phylogenetic
analyses (Garg & Biju, 2017; Phuge et al., 2019; Hegde et
al., 2020). In peninsular India, the genus Minervarya is
currently classified into eight groups (Garg & Biju, 2021).
The Minervarya nilagirica group is endemic to peninsular
India and currently contains three species - M. nilgarica, M.
kalinga and M. keralensis which all occur in the Western
Ghats. This group is known to show complex distributional
patterns (Hegde et al., 2020; Garg & Biju, 2021) where M.
keralensis has been reported from the southern portion of
the Western Ghats with a northern limit at Poomala (Biju &
Garg 2021).

A previous study (Kuramoto & Joshy, 2001) claimed
to have described the advertisement call characteristics
of M. cf. keralensis (Limnonectes cf. keralensis) from
two sites in Karnataka (Talagini and Kudremukh) in the
central Western Ghats, but subsequently the subject
of their study was revealed to be M. kudremukhensis
(Fejervarya kudremukhensis) (Kuramoto et al., 2007) which
is currently synonymised as M. mysorensis (Garg & Biju,
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Figure 1. Distribution of the Minervarya nilagirica group from
peninsular India - Minervarya kalinga, Minervarya nilagirica,
Minervarya keralensis (range extension to the north of the Palghat
gap)

2021). Consequently, there are no studies on the breeding
behaviour, bioacoustics or natural history of M. keralensis.
Hence the present study reports the vocal repertoire,
breeding ecology and arange extension of M. keralensis from
central Western Ghats. However, although the morphology
of our study species is consistent with M. keralensis, we
have not undertaken the molecular sequencing that would
be needed to substantiate this identification, consequently
we refer to M. cf. keralensis throughout the study.

MATERIALS & METHODS

During this field study, M. cf. keralensis was observed
between January and March at the southern tip of central
Western Ghats in Kakandanmpoyii, Nilambur, Kerala 11°
20’36.24” N, 76° 6’16.56” E at an altitude of 700-800 m
a.s.l. (Fig. 1). To assess the anuran diversity in different
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regions of the central Western Ghats, we have undertaken
regular visual encounter and acoustics surveys (Rédel &
Ernst, 2004) throughout the year. Frogs were identified to
species level by observing morphological characters based
on the available taxonomic descriptions and literature
(Garg & Biju, 2021; Hegde et al., 2020; Raj et al., 2018).
The breeding ecology and the natural history of the species
encountered were observed and noted. No specimens were
collected during the study.

Call recording and analysis
Calling was observed from January to March, 2019 and calls
were recorded on 14 February 2019 in the winter season
(post-monsoon) when the air temperature ranged 22.0—
22.2 °C and the humidity ranged 60-61 %.
Callswererecorded with aZoom H1 portable digital audio
recorder connected to a unidirectional Rode microphone
attached to a Rycote Lyre shock mount (sampling rate of
44100 Hz/16 bit). After locating a calling adult male, the
unidirectional microphone was directed at its vocal sac, at
a distance of about 30-50 cm. Gain settings of the audio
recorder were kept constant throughout the call recording.
Calls were recorded choosing randomly selected males
without disturbing the frogs. Temperature was measured
using 310 CIE (Chung Instrument Electronics) digital
thermometer and relative humidity was measured using a
Barigo hygrometer (Germany) near the calling individual.
Calls with high background noise and overlapping calls
were excluded from the analysis. Recorded calls were
visualised and randomly analysed in Raven Pro 1.6.2 (K.
Lisa Yang, 2022). Temporal measurements were quantified
using the waveform/oscillogram window and included - call
per minute, call type, call series duration, call duration,
call series interval, call interval and the number of calls
in a call series. Using the spectrogram, we measured
the peak frequency and average entropy. We used a call
centred approach and call series parameters were based on
previous studies (Kohler et al. 2017; K. Lisa Yang Center for
Conservation Bioacoustics, 2022). Calls of six adult males
and 20 call series (159 calls) were recorded. These can be
played back in BHS video (2023).

Statistical analysis

Call measurements were graphically represented using the
R studio (ver. 0.7, R Core Team, 2022) and boxplots were
obtained using “ggplot2” (Wickham, 2016).

RESULTS

Morphological diagnosis and range extension

The snout vent length (SVL) of large adult males ranged
from 32-44 mm (n=9), the body was robust, head length
greater than the head width, the first finger was longer than
the second finger, a third subarticular tubercle was present
on the fourth toe, with long cylindrical inner metatarsal
tubercles, prominent discontinuous folds on the dorsal skin
and prominent glandular warts along a dorsal chevron, and
prominent reticulations on groin and thigh. The upper lip
had horizontal bands, minervaryan lines and rictal glands
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Figure 2. Adult male Minervarya cf. keralensis - A. Dorsolateral view,
B. On calling ground, C. Dorsal view

were visible. The digits on the forelimbs were shorter than
those on the hind limbs, fingers lacked interdigital webbing,
and toes were moderately webbed. Based on the above
morphological characteristics, individuals in the population
were identified as M. cf. keralensis (Garg & Biju, 2021;
Hegde et al., 2020)(Fig. 2).

The current study is the first report of M. cf. keralensis
from north of the Palghat gap. This species was commonly
observed close to the Nilgiris range of the Western Ghats,
near the Chaliyar river basin, which is situated on the south-
western side of the central Western Ghats (Fig. 1). In this
region, human modified landscapes are common within a
mosaic of other land-use types including teak plantations
and agriculture landscapes (tea, cocoa beans and other
crops).

Breeding biology

Breeding season: Calling and breeding activity was observed
from January to March; this frog species is a post-monsoon
breeder.

Breeding ground/spawning ground: The breeding areas
were typical wetlands, paddy fields and marshes, moist
microhabitat beside slow-flowing streams and temporary
streams which were about to dry out. The adult males called
from the banks of the ditches and wetlands, whilst perched
on stones, grass patches, gravel and wet soil surfaces that
usually had an open or partially open canopy. Spawning
grounds were close to the calling areas (Fig. 2).

Secondary sexual characters: Adult males possessed a
single subgular vocal sac that was highly distensible, the
skin near the vocal sac was lightly pigmented with black,
and slightly transparent. While calling, occasional irregular
inflation of the vocal sac was observed. Calling adult males
had an oval shaped nuptial pad on the first finger. Calling
males exhibited yellow colouration near and below the
tympanum and below the eye. Adult females were larger
than adult males.


https://youtu.be/xsC3264lVr8
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Figure 3. The three advertisement call series of male Minervarya
cf. keralensis, oscillogram showing amplitude (kU) and spectrogram
showing frequency (kHz) - A. Call series A, B. Call series B, and C. Call
series C (composite call series)

Amplexus and egg characteristics: Axillary amplexus was
observed (n=8). Multiple small egg clutches were laid in a
single spawning. Amplexed pairs moved slowly within the
spawning ground and the female laid 3-8 eggs at a time in
a clutch (n=8 clutches) and the clutches were laid in more
than one place at different distances apart. The eggs were
brown in colour and surrounded by a transparent jelly layer.
After the eggs were laid, this jelly layer slowly absorbed
water from the spawning habitat and the jelly layer swelled
gradually.

Bioacoustics

The calls of males were heard from 19:00 h and peak calling
time was between 20:00 h and 00:30 h. The majority of
amplectant pairs were seen during and after midnight (n=4)
and later. After 02:00 h calls slowly subsided.

Call series characters. Calls series contained acoustically
multi-call groups that were different and each call comprised
several pulsatile groups (Fig. 3). Call series duration/call
series length was 3.34 + 0.32 s and ranged 2.62-3.80 s;
Call series interval was 10.71 * 26.22 s and it ranged from
0.81-117.73 s. The number of calls per call series (n=20)
was 8.6 + 5.91, ranging from 2-25; the average number
of call series per minute (n=20) was 16 (range 11-21). The
call series contained structurally distinct and different calls,
hence we have established three call series categories - A,
B, and C.

Call series A: TarrahTarrahTarrah - this was the most
frequent call type (n=16), and was most commonly emitted
with repetitive and multiple calls, and was relatively long
when compared to the call series B and C (Fig. 3A, B & C,
Table 1).

Call series B: Kruhrkruhrkruhrrkruhrr - this was emitted
before call type A and was more commonly heard in the
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Figure 4. The two types of male advertisement calls (Type A &
Type B) of Minervarya cf. keralensis, oscillogram (blue trace) and
spectrogram (grey trace) - A. Call type A and B. Call type B

Table 1. The parameters of call series A, B, and C of male Minervarya
cf. keralensis

Call series Call parameters Mean + SD Range
Series A Call series duration (s) 3.45+3.57 0.51-12.82
(n=16)
Call series interval (s)  12.88+3.45 0.81-117.73
No. of calls in a call 9+6.59 2-25
series
Series B Call series duration (s) 2.83+1.16 2.01-3.66
(n=2)
Call series interval (s)  1.39+0.11 1.31-1.74
No. of calls in a call 9+3.53 6-11
series
Series C Call series duration (s) 2.52+2.28 0.91-4.14
(composite
call) (n=2) .
Call series interval (s) 4.81+2.33 3.16-6.46
No. of calls in a call 61+4.243 3-9
series

early hours of the night usually from 18:00 h to 19:30 h and
from 04:00 h to 06:00 h on the following day (Fig. 3B; Table
1).

Call series C: TarrahTarrahTarrahkruhr or
kruhrkruhrTarrahTarrah - this was a composite series that
consists of both type A and type B calls. These were not
emitted as frequently as series A calls. They were commonly
emitted after the series B calls or at the end of series A calls.

Herpetological Bulletin 164 (2023) 3
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Figure 5. Characteristics of the two types of male advertisement calls
of Minervarya cf. keralensis - A. Peak frequency, B. Entropy in bits, C.
Call duration, and D. Call intervals

They were frequently not repetitive. In this series, type B
calls were emitted at the beginning or at the end of the call
series. (Fig. 3C, Table 1).

Call description: Based on structural and audible complexity
we have classified calls into two types:-

1) Type A call

In this type, there were more pulsatile groups that were
more fused relative to call type B. As there were more
pulsatile groups, call duration was greater than in call type
B (Figs. 4 & 5, Table 2) and these pulsatile groups were
generally more uniformly distanced relative to type B. As
the length of call increased, a greater number of pulsatile
groups were emitted and pulsatile groups within the call
also increased. This call type was the most frequently
emitted (n=149). However, type A calls also showed within
call type diversity where the number of pulsatile groups
were fewer at the beginning of call and there were more
pulsatile groups at the end of the call (Fig. 4, Table 2). These
contribute to the series A call and were also components
of series C.

2) Type B call

These constitute non uniformly placed pulsatile groups
which were fused, and with a shorter call duration and with
shorter intercall intervals. Type B calls (n=10) were not as
frequently emitted as type A (n=149) (Figs. 4 & 5, Table 2).
Type B calls were emitted in series B calls and were also
components of series C calls.

According to the classification of anuran call guilds
(Emmrich et al., 2020), both Call type A and B belong to
Call Guild H, which are frequency-modulated, complex calls
with multi-unit and multi note or pulsatile groups.

DISCUSSION

During the present study, calling and breeding activities
were observed between January and March which is during
the dry season. Minervarya cf. kerlaensis is a post-monsoon
breeder, much like M. kalinga from the M. nilagirica group
(Raj et al., 2019; Hegde et al., 2020) (Fig. 6). Among the
minervaryans, the M. nilagirica group consists of large
bodied frogs and large body size may enable them to be
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Table 2. Parameters of call types A and B of male Minervarya cf.
keralensis

Call series Call parameters Mean * SD Range

Type A Peak frequency  1334.19+484.62 775.20-2239.45
(n=149)  (Hz)
Call duration (s)  0.16+0.04 0.05-0.31
Call interval (s) 6.73+0.08 0.08-0.63
Average entropy 3.2710.31 2.52-3.89
(bits)
Type B Peak frequency  809.641+92.59  689.06—947.46
(n=10) (Hz)
Call duration (s)  0.06+0.02 0.03-0.11
Call interval (s) 0.35+0.12 0.21-0.52
Average entropy 3.025%0.47 2.53-4.03

(bits)

active and reproduce after the monsoon (dry periods)
in peninsular India, as they are likely to be less prone to
desiccation than the smaller minervaryan frogs (Raj et
al., 2018; Hegde et al., 2020; unpublished data). Most
minevaryan frogs breed in the pre-monsoon period or
during the monsoon (Fig. 6) but as many of them are
sympatric (Garg & Biju,2017; 2021; Phuge et al., 2019; 2020;
Kadadevaru et al., 2002; Dubois et al., 2001) there may be
micro separation in breeding habitat, calling pattern, and
spawning pattern (Garg & Biju, 2017).

The secondary sexual characters observed in adult male
M. cf. keralensis include nuptial pad on the first finger of the
forelimbs and black colouration or glandular or transparent
skin in the vocal sac region and are typical of minervaryans
(Garg & Biju, 2017; 2021; Kadadevaru et al., 2002; Phuge
et al.,, 2019; 2020). In addition to these secondary sexual
characteristics, adult males also show different colouration
near the tympanum, close to mouth commissural region
and in forelimbs which have also been described in M.
mysorensis (Kuramoto & Joshy, 2001). All the minervaryan
species of peninsular India employ axillary amplexus (Garg
& Biju, 2017; 2021; Kadadevaru et al., 2002; Phuge et al.,
2019; Dubois et al., 2001) and lay their eggs in a variety
of sites including aquatic vegetation, wet soil, puddles, and
other moist places that are used as temporary spawning
grounds (Dubois et al., 2001; present study; unpublished
data), which may reduce the risk of predation and
desiccation of both the eggs and tadpoles.

The frog M. cf. keralensis exhibits call complexity. Call
type A is more frequent and may be related to male-female
interaction. Call type B was heard in the beginning or in
between multiple Call A types and these were typically
short (Fig. 4, Table 1). Playback experiment studies are
needed to ascertain the functionality of all the calls. There
is a further complication in our understanding of the calls
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Figure 6. Call phenology of Minervaryan frogs from Western Ghats (after Garg & Biju, 2017; 2021; Phuge et al., 2019; 2020; Kadadevaru et al.,
2002; Dubois et al., 2001; present study). Different coloured bars indicate different species groups.

of M. cf. keralensis as in this study occasionally irregular
symmetry was observed when the vocal sac was enlarged
during calling. This might have functional significance in
producing call variation or different calls, further detailed
study of this is needed.

The M. nilagarica group of frogs presents an interesting
distribution within peninsular India (Fig. 1). Minervarya
nilagirica is predominantly from the central Western Ghats
but is also reported from the southern Western Ghats and
the southern part of the Eastern Ghats (Biju & Garg, 2021).
M. kalinga is known from northern part of the Eastern Ghats
(Raj et al., 2018), central Western Ghats (Hegde et al., 2020)
and northern Western Ghats (Biju & Garg, 2021) while M.
keralensis is predominantly from the southern Western
Ghats (Biju & Garg, 2021) but this study reports it from
north of Palghat gap, in the central Western Ghats with a
range extension of about 85 kms. Within the Peninsular
India this group is distributed in highly elevated forest areas.
Further phylogeographic studies are needed to explain the
distribution patterns of the M. nilagirica group.
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ABSTRACT - Very little is known of the ecology and distribution of Vietnamese tortoises and freshwater turtles, even though
Vietnam is one of the world’s hotspots of chelonian diversity and, according to the International Union for the Conservation
of Nature (IUCN), almost all its species are threatened. We report the diversity of chelonians for two distinct areas of northern
Vietnam (in three provinces) characterised by forested hills and mountains, with ponds and streams. We observed ten species
in Lang Son/Bac Giang provinces and 11 species in Lao Cai province. Reportedly, the two most frequently recorded species were
Pelodiscus sinensis and Cuora mouhotii. Most species were Endangered or Critically Endangered according to IUCN, thus making
the protection of the forest habitats of these provinces of crucial relevance for the survival of these species. Reliable records for
the almost extinct Rafetus swinhoei were collected, but all of them refer to the end of the 1970s.

INTRODUCTION

here are currently about 90 species of Asian turtles, which

belong to just four families Geomydidae, Testudinidae,
Trionychidae, and Platysternididae. This chelonian fauna
is among the most diverse and the most threatened in
the world (Rhodin et al., 2018; Stanford et al., 2018), with
many species listed as Critically Endangered by the World
Conservation Union (IUCN, 2022). Since most of the Critically
Endangered (CR) and Endangered (EN) species are found in
south-eastern China, south-east Asia, Indonesia, northern
India and Vietnam (Rhodin et al., 2018), these regions need
to be particularly well studied in order to evaluate more
precisely the distribution and the ecology of the various
species. However, the information available is still scarce,
and relatively wide territories, especially in mountainous
and comparatively difficult-to-access areas, have to date
remained practically unexplored.

In order to cover, at least partially, these mountain
territories on which accurate research has never been
published, we document in this article the specific diversity
of tortoises and freshwater turtles in three provinces of
northern Vietnam. The method of investigation (interviews
with local hunters and specimens observed in villages) and
the short timespan of the study (two missions of a few weeks)
prevent us from providing indications on the status of the

populations. However, the data presented here significantly
increase our knowledge of chelonian communities in the
areas in question, and may be useful as a baseline for future
surveys and more detailed field studies.

MATERIALS & METHODS

Study areas

There were two study areas; Lang Son province (21° 50.357’
N, 106° 44.579’ E), including a small part of Bac Giang
province, and Lao Cai province (22° 20.285’ N, 104° 8.922’
E). These are mountainous areas of northern Vietnam near
the Chinese border (Fig. 1). Lang Son and Bac Giang province
are characterised by hilly forests and limestone forests
with altitudes of 252-1541 m a.s.l. (BKHDT, 2022). The
temperature range is about 17-22 °C, mean humidity about
80 % and with annual rainfall in the range of 1200-1600
mm. The forest cover is about 300,000 ha with the Huu Lien
Nature Reserve being the most important area for wildlife
(Bui et al., 2019; Lunde et al., 2007). In Lao Cai, the altitude
range is 100-3143 m a.s.l.,, with the Hoang Lien National
Park being the most important protected area of the region.
Temperature range 15-29 °C, mean humidity is about 80
%, and the annual rainfall is in the range of 1400-2000 mm
(Lao Cai, 2022). This province also contains several big river
systems such as the Red and Chay rivers.
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Figure 1. Map of northern Vietnam showing the interview localities and the sites where chelonians were observed directly (as reported in

Table 2)

Protocol

This study was based on questionnaire surveys within villages
in the study areas. The first survey was conducted in Lang Son
and Bac Giang provinces from 8—22 June 2018, and the second
survey (Lao Cai) was from 12—-28 August 2018. The field team
consisted of two persons who conducted semi-structured
interviews, in Vietnamese language. The initial interviewees
were used to help recruit other knowledgeable interviewees
(snowball procedure) who were then interviewed separately.
The interviewees were all males, all over 30 years old and
were previously hunters or even providers of turtles to
traders. The interviewees were informed of the scope of the
study in advance and their identities were kept anonymous.
Interviews lasted on average 40 minutes, but sometimes up
to two hours if the person appeared particularly well aware
of the status of turtles in his area. All interviews followed
ethical rules (British Sociological Association, 2017).

The interview was based on a semi-structured
guestionnaire and asked the following questions: (i) Do you
know any turtles from your area? (ii) If yes, what are their
local names? (iii) What do they look like (carapace colour,
hard or softshell, size of the animal, aquatic or terrestrial)?
(iv) Which morphological characteristics do you use to
determine the different species e.g. hinged (for Cuora spp.),
serration, size of the head, length of the tail (for Platysternon
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megacephalum)? (v) In what habitats are the various species
of turtle found?

After completing the interview, we showed interviewees
ID photos of chelonian species to cross-check their description
and to ensure uniformity in the descriptions used in their
answers. In order to gather further evidence of the various
chelonian species found in the area, we also examined any
specimens they had in their houses.

In order to evaluate whether the sample size of
interviewees was sufficient to obtain an accurate assessment
of the total number of species of the two study areas, we
applied a saturation curve methodology, calculating the 95 %
confidence intervals by 9,999 random bootstraps (Hammer,
2012). Bootstrapping is a re-sampling statistical methodology
that uses random sampling with replacement (e.g. mimicking
the sampling process) to assign measures of accuracy such
as bias, variance, confidence intervals, prediction error, to
sample estimates (e.g. Varian, 2005).

RESULTS

Overall, we obtained reliable data on turtle occurrences from
98 interviewees in Lang Son and 138 interviewees in Lao Cai.
InLang Son, a total of ten turtle species were clearly described
by interviewees, with the greater number of positive
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Table 1. A list of all the chelonian species that have been accurately described during interview surveys in northern Vietnam with the number
(and percentage) of interviewees describing each given species, and the districts where they were described

Dinh Lap, Loc Binh, Chi Lang, Huu Lung, Bac Son, Binh Gia, Van lang, Cao Loc

Loc Binh, Dinh Lap, Binh Gia, Bac Son, Chi Lang

Dinh Lap, Son Dong (Bac Giang province), Luc Ngan (Bac Giang province), Huu Lung,

Dinh Lap, Loc Binh, Chi Lang, Bac Son, Binh Gia, Lang Son city, Van Quan, Van Lang
Dinh lap, Loc Binh, Chi Lang, Bac Son

Dinh lap, Loc Binh, Chi Lang, Bac Son

Bat Xat, Van Ban, Bac Ha, Bao Yen, Bao Thang, Sa Pa

Bat Xat, Lao Cai city, Bao Thang, Bao Yen, Bac Ha, Sapa, Van Ban

Turtle species IUCN No. and Locations (Districts)
(2022) (%) of
red list interviews
status  in which
the species
was
mentioned
Lang Son & Bac Giang province (98 interviews)
Cuora mouhotii EN 40 (40.8)
Cuora trifasciata CR 6(6.1) Huu Lung
Cuora galbinifrons CR 14 (14.3)
Mauremys mutica CR 12 (12.3)
Bac Son, Binh Gia
Geoemyda spengleri EN 12 (12.3) Mau Son, Cao Loc
Pelodiscus sinensis VU 44 (44.9)
Palea steindachneri CR 12 (12.3)
Cyclemys oldhamii EN 3(3.1) Chi Lang, Bac Son, Binh Gia
Sacalia quadriocellata CR 13 (13.3)
Indotestudo elongata CR 8(8.2) Dinh Lap, Loc Binh
Lao Cai province (138 interviews)
Cuora mouhotii EN 55 (39.9)
Cuora galbinifrons CR 20 (14.5) Bat Xat, Van Ban, Bac Ha
Geoemyda spengleri EN 10(7.3) Bac Ha
Cyclemys oldhamii EN 5(3.6) Bat Xat, Bac Ha, Bao Yen
Sacalia quadriocellata CR 12 (8.7) Van Ban, Bat Xat, Bac Ha, Sa Pa
Pelochelys cantorii CR 4(2.9) Bao Yen, Bao Thang
Rafetus swinhoei CR 4(2.9) Bat Xat
Pelodiscus sinensis VU 73 (52.9)
Palea steindachneri CR 23 (16.7) Bat Xat, Van ban, Sapa, Bac Ha
Manouria impressa EN 20 (14.5) Sapa, Van Ban, Bac Ha
Platysternon megacephalum CR 32 (23.2)

Sapa, Muong Khuong, Van Ban, Bat Xat

descriptions for Cuora mouhotii and Pelodiscus sinensis and
the fewest accurate descriptions for Cyclemys oldhamii and
Cuora trifasciata (Table 1). In Lao Cai, 11 turtle species were
clearly described by interviewees, with C. mouhotii and P.
sinensis being the most frequently mentioned and three, C.
oldhamii, Pelochelys cantorii and Rafetus swinhoei, being the
least frequently mentioned (Table 1). All the turtle species
found in the two study areas are threatened according to
IUCN (2022).

Many interviewees from both study areas concurred in
saying that ponds within the mountain forests were the most
likely habitats to encounter turtles. A typical example of this
type of habitat is presented in Figure 2.

Interestingly, in Lao Cai province, different interviewees
mentioned that very large softshell turtles (locally called
“Giai mép vang” that means “yellow mouth corner” clearly
referring to Rafetus swinhoei) were caught and consumed
by local people in Bat Xat district. These turtles were 6070
kg, and were caught in a muddy swamp right next to the
Red river in the late 1970s. Local traders in Bao Yen and

Figure 2. Typical pond habitat where turtles are captured by local
hunters in the study areas

Bao Thang districts claimed to have bought two individuals
of “Ddm Dam” (meaning “punching softshell turtle”, thus

Herpetological Bulletin 164 (2023) 9



Table 2. Synopsis of the chelonians that were observed directly during interview surveys in northern Vietnam, including the geographic co-

ordinates of the various observations

Species name No.
observed/
total no.

Observation types

District Lat. Long.

Lao Cai province

Pelodiscus sinensis 12/100

Lang Song province

Geoemyda spengleri 5 Offered for sale
Cuora mouhotii 3

Palea steindachneri 1/100

surrounding area

Platysternon 2/30 The owner claimed to keep 30 individuals in his pond. He caught Bat Sat 22.62581 103.7708
megacephalum these individuals in forest streams near his village

Platysternon 5 Observed in Hoang Lien rescue center Sapa 22.34088 103.8221
megacephalum

Platysternon 1 Observed in market where it was offered for sale Muong 22.66334 104.1213
megacephalum Khuong

Manouria impressa 2 Observed in Hoang Lien rescue center Sapa 22.34088 103.8221
Geoemyda spengleri 1 Observed in Bac Ha town and kept as a pet Bac Ha 22.48781 104.327

Observed with a local hunter, and kept in captivity. He claimed to Bao Ha
have about 100 individuals in his pond, which were all caught by
himself in water bodies around his village

Observed with a local trader near Huu Lien Nature reserve

Observed in a Palea farm. The farmer claimed to have about 100 Huu Lung 21.49686 106.4501
individuals in his farm, but they did not necessarily come from the

22.15401 104.3859

Mau Son  21.84003 106.8978

Huu Lung 21.69848 106.3759

Figure 3. Some of the turtles actually observed in the study areas
- A. Platysternon megacephalum in Bat Xat district, B. Pelodiscus
sinensis in Bao Ha district, C. Manouria impressa in Sapa district, and
D. Geoemyda spengleri in Bac Ha district

referring to the typical defensive behavior of P. cantorii)
weighing 29 kg and 40 kg in 2009 and 2012 respectively.
These two individuals were captured in the Chay river, and
then sold to China across the border in Lao Cai city.

Direct observations were made of 32 turtles, these
belonged to six different species (Table 2). Pelodiscus sinensis,
Platysternon megacephalum and Geoemyda spengleri were
being kept by several interviewees (Fig. 3). All these species
had local names fitting exactly with those obtained in the
interviews, thus confirming that our interviewees had a good
and reliable knowledge of the turtle fauna of their areas. The
saturation curves for the number of interviewees (= sample
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Figure 4. Saturation curves for the two study areas Lang Son (blue)
and Lao Cai (red) showing that the number of interviewees was
sufficient to adequately capture the turtle diversity. Curves are
provided with 95 % confidence intervals, generated from 9,999
random bootstraps.

size) against the number of detected species revealed
that the sample size was sufficient for obtaining a reliable
estimate of the number of turtle species in the two study
areas (Fig. 4).

DISCUSSION

Our study detected a remarkable species richness of turtles
in both areas (Lang Son/Bac Giang and Lao Cai), with
respectively ten and 11 species reliably described by our
interviewees. However, some of these species may now be
extirpated. For example, R. swinhoei has been accurately
described to occur in the area until the end of the 1970s, but
there is no recent report showing its survival to the present
day. Rafetus swinhoei is a gigantic species occurring in large



river systems and associated ponds/lakes/marshlands (Le
Duc et al., 2020; Van Pham et al., 2022). Given its large
size it is much more likely to be known by hunters than
the other smaller species and therefore the absence of any
recent reports is likely to be a more accurate assessment.
In addition, the other smaller sized species are linked to
mountainous forest habitat and associated water bodies and
streams (e.g. lhlow et al., 2012; Wanchai et al., 2012; Ly et
al., 2013; Pham et al., 2018; Seateun et al., 2019), and these
habitats are often difficult to access and relatively remote,
thus making an even greater difference in the reliability of
absence reports.

The number of species detected in this study was slightly
lower than that previously observed in Bac Giang province
(n=12, see Pham Van et al., 2018). Results from this survey
showed a higher number of species than in Thanh Hoa
province (n=9) (Pham Van et al., 2020) but less than in Binh
Dinh province in central Vietnam (n=15) (Nguyen et al., 2014).
By comparison, in the ecologically similar Hainan province
(China), a total of eight native species were recorded so far
in villages and local markets (Shiping et al., 2006).

With regard to the habitat types in our study areas,
of particular interest are the ponds that are interspersed
within the forest patches (such as that shown in Fig. 2).
According to the interviewees, these support a remarkable
variety of species. Considering that all the species of the
two study areas are listed as Threatened by IUCN (2022),
careful management of these forest ponds is required by the
competent authorities if further declines of these species are
to be prevented. Although officially protected by law, these
turtles are still frequently offered for sale even on social
media (Pham Van et al., 2019), thus some effective protection
from hunting/collection should be assured. We would urge
the competent authorities to enhance the monitoring of the
forested territory by rangers and wildlife soldiers.
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ABSTRACT — Many species of vipers are known to use ambush sites repeatedly, a phenomenon presumably informed by
chemical cues from prey. Experimentally, we limited chemical cue availability and recorded site selection in five captive-born
sidewinders Crotalus cerastes during their first active season. Snakes showed individual differences among the study subjects
in spatial movement across the season and repeatedly reused specific sites in their enclosures, suggesting spatial memory
and individual differences in choices of resting sites. Individual variability in spatial- and object-use and associated memories
suggests attention to such should be considered in developing husbandry routines for these captive individuals.

INTRODUCTION

ultiple studies using different methodologies have

demonstrated spatial cognition abilities in a variety of
species of lizards, turtles and crocodiles, yet there are few
studies on snakes (Wilkinson & Huber, 2012; Burghardt,
2013). Studies of spatial cognition are often conducted using
active maze-based protocols (Healy & Jozet-Alves, 2010),
but such scenarios are likely to be unrealistic and arguably
irrelevant for stationary ambush-predators, such as viperid
snakes. Nevertheless, spatial memories have been found to
be somewhat similar between ambush-predator and actively
foraging lizard species (Day et al., 1999). Viperid snakes are
classicambush predators, and multiple viper species often re-
visit specific ambush sites (Greene, 1986; Secor, 1994; Sasa
et al., 2009; Reinert et al., 2011). Chemical cues from prey
appear to play an important role in selection of ambush sites
by snake ambush predators (Clark, 2004), but it is unclear
how snakes remember and re-locate previously used sites
across complex landscapes and sometimes over relatively
great distances. As chemical cues are strongly relied upon in
other aspects of feeding in vipers, such as post-strike prey
tracking behaviour (Chiszar et al., 1983; Clark, 2006; Teshera
& Clark, 2021), chemical cues may be used to identify both
novel and familiar ambush sites. Positive reinforcement from
prior feeding success may result in spatial memory of the
sites of previous success (Clark, 2006), but we are unaware
of any explicit tests of such a hypothesis in snakes.

In this study, we tracked the positions of captive neonate
sidewinder rattlesnakes Crotalus cerastes daily for their first
active season, prior to onset of brumation, to describe and
compare their individual movements and use of space. Our
design purposely excluded chemical cues from prey in the
environment in order to examine spatial use in the situation
where cues from prey would not influence site selection.

In general, our study was designed as a complement to the
work of Clark et al. (2016) who emphasised the challenges
of studying spatial patterns in wild juvenile snakes. We also
focused on intraspecific variation in the form of individual
differences in behaviours, which in non-avian reptiles has
mostly been in the form of anecdotal observations and
observations of anti-predator behaviours (Waters et al.,
2017).

MATERIALS & METHODS

Five snakes were born to one female on 24 May 2017 and
left with the attendant dam (sensu Greene et al., 2002) until
their first ecdysis. By 7 June 2017 all snakes had experienced
their first ecdysis and on this date all were placed in identical
enclosures in a single-rack unit in an off-exhibit area at Zoo
Atlanta. Enclosures were 60 x 30 cm in size with opaque
walls, except for clear acrylic doors at one end (Fig. 1).
Daytime temperatures were held between approximately
25-32 °C. Lights (compact fluorescent light bulbs within Zoo
Med Naturalistic Terrarium Hoods) in the enclosure were on
a timer to mimic natural light cycles and there was a window
in the room for natural light. Temperatures were maintained
by controlling ambient room temperatures, intentionally
equalising any possible heat gradients across the enclosure;
discrete sources of heat (e.g. heat lamp, heat tape) were not
used. Clark et al. (2016) reported typical daily patterns of
movement in C. cerastes involving refuge in burrows during
the heat of the day and emergence to adopt an ambush
posture during much of the evening. In the absence of both
temperature gradients and potentially lethal extremes,
our study is intended to represent a more simplified and
controlled environment than is possible when studying
wild snakes. Enclosures were fitted out identically with a 5
x 10 grid pattern printed on paper for a substrate, with two
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Figure 1. View of enclosure from the doorway, a schematic showing the grid-chart substrate and location of hide boxes and water bowl, and
sidewinder in enclosure. Based on location of the snout, this snake is situated in quadrant C10.

identical hide boxes and a water bowl placed consistently in
fixed positions through the study (Fig. 1). Each grid measured
6cmx6cm.

Data collection began on 13 June 2017 (when snakes
were first fed) and ran until 22 October 2017 (when cooling
conditions were applied to the room for brumation). The
position of each snake in its enclosure was recorded once
per day at approximately (within 1 hour, typically 30 min
of) 11:00 h. To standardise our data collection, we chose
to determine each grid location by using the position of the
tip of the snout, regardless of the direction in which it was
oriented. Unless actively moving (a rare event; recorded as
“no data”), snakes typically were in a tightly coiled position.
The matching hide boxes covered four grids each but had
a single entrance and were treated as single units of space
(e.g. in Hide box 2). Snakes that were not visible (e.g. deep
inside a hide box but could not ascertain which box, or
under the grid paper) were scored as “not visible.” Instances
of “no data” or “not visible” were not included in analyses
(3-6 % of observations). Percentage of time in each grid
were calculated for each individual and utilised to create
heatmaps in R using the lattice package (R Core Team, 2019;
Sarkar, 2008).

Feedings generally occurred once every nine days; prey
consisted of thawed young mice of appropriate size. Prey
were offered to all snakes at the same times and snakes were
offered food regardless of their location in the enclosure.
Nevertheless, not all feedings were at the same date across
snakes in the study because, for example, on a given day
an individual may refuse food because of their stage in a
shedding cycle. Offering food directly to the snake’s location
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regardless of location reduced the possibility of inadvertently
training the snakes to prefer certain sites because food
may function as positive reinforcement (response learning,
sensu Ruprecht, 2018). Each feeding was subsequently
given a number during data analysis. During ingestion, prey
items inevitably contacted the paper substrate, so data was
first taken on snake location, snakes were then fed, and
substrates were changed (which included both replacement
of the paper substrate and bleaching of the bottom of the
enclosure) immediately after each feeding to remove prey
cues; the same was done following defecation. After each
substrate change, clean hide boxes and water bowls were
replaced in their original positions relative to one another in
the enclosure.

To quantify movement, we measured the displacement
between each daily observation. Thus, we converted grid
locations to numerical co-ordinates to obtain positions for
any two consecutive days, denoting the previous position of
the snake the day before (Point x , y,) and its current location
(Point x,, y,). We then calculated the displacement from the
previous position during that day span using the formula:

v/(xz —x1)% + (2 —31)?

We also quantified how much each snake used its
enclosure by calculating Plowman’s modified spread-of-
participation index for each snake (Plowman, 2003). This
index provides a number from zero to one where numbers
closer to one indicate that an organism is using specific areas
of an enclosure preferentially.
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Figure 2. Mean displacement + standard deviation by all neonate
sidewinders after each feeding event. Feeding events began as soon
as a snake had eaten and ended on the observation before the next
feeding.

All statistical analyses were conducted using R software
(R Core Team, 2019). Our base model used displacement
between observations as our dependent variable and feeding
number and age in days as fixed effects. We included snake ID
as a random effect to control for individuals having multiple
data points. We checked the appropriateness of our model
using variance inflation factors of including age in days and
feeding number in the same model (examined with the car
package; Fox & Weisberg, 2019), Levene’s tests of variance,
normality (examined visually and though Kolmogorov-
Smirnov analyses), and by graphing the residuals using the R
package ggResidpanel (Goode & Rey, 2019). These analyses
suggested a generalised linear mixed-effects model to be
appropriate to deal with overdispersion due to zeros, which
we constructed using the package glmmTMB (Brooks et al.,
2017). The final model included days in age and feeding
events as predictors because both independently describe
age and experience.

RESULTS

Displacements (in cm) per snake varied markedly between
each snake (mean * standard deviation; snake 1: 24.0 + 20.5;
snake 2: 18.7 * 16.3; snake 3: 21.5 % 20.0; snake 4: 20.5 *
14.8; snake 5: 23.2 + 15.7). Time and feeding number were
not predictive across snakes for displacement (GLMM; z
=-1.079, p = 0.281 and 1.088 and p = 0.276, respectively).
Snake movements generally were highly variable per snake
over time. Most notable was a remarkable increase in
variability in displacements after the first feeding event (Fig.
2). We also ran two additional models with the variables
time and feeding number as one fixed effect in each, in
order to confirm that neither fixed effect masked the other.
Both model results support the findings of our main model.
Nevertheless, there is considerable variation, or “noise” in
our data.
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Figure 3. Heatmaps for all sidewinders representing where they
spent most of their time. The entrances for the hide boxes were
located at quads (3C) and (7D). Yellow represents grid where each
snake was most frequently observed, followed by deepening shades
of green, then deepening shades of blue.

Table 1. Modified spread-of-participation indices calculated for each
snake

Snake Modified spread-of-participation index
1 0.667
2 0.734
3 0.701
4 0.553
5 0.622

Heatmaps represent where each snake spent the most
time throughout the experiment (Fig. 3). Modified spread-
of-participation indices calculated for each snake indicate
that snakes were using their enclosure spaces preferentially
(Table 1). Most often, snakes were found in association
with the hide boxes and corners of the enclosure, but much
individual variation in specific locations was evident between
snakes. For example, snakes 2 and 3 never used one of the
hide boxes available to them, while all of the other snakes
used both boxes at varying frequencies. Snakes generally
spent approximately 20 % of their time in association with
at least one hide box and roughly equivalent amounts of
time at specific (but variable between snakes) corners of the
enclosure.

DISCUSSION

After an initial period of consistent, moderate movement by
all snakes at first feeding (Fig. 2), snakes were later highly
variable in their displacements. We attribute this, at least
in part, to a novelty effect - i.e. exploratory behaviours of
individuals in new environments (Reinert & Rupert, 1999;
Wolfe et al.,, 2018), as translocated snakes in the wild
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often move greater distances than do snakes in familiar
surroundings (Roe et al., 2010), which here may have
required a short acclimation period, and perhaps feeding, to
become manifest. Regardless, the variability of movement
across snakes suggests this may be reflective of individual
variation rather than a more general ontogenetic, or perhaps
seasonal, trend of spatial use. Bonnet et al. (1999) found
that mortality was highest among post-hatchling snakes
as they dispersed, and mortality decreased as older snakes
became more sedentary. Howze et al. (2021) found that wild
neonatal C. horridus increased their dispersal differences
during the three weeks after leaving their birth site, but
they had no information regarding their feeding. However,
both Secor (1994) and Clark et al. (2016) found that juvenile
and adult sidewinders had generally similar patterns of
movements, suggesting that our observations may be better
explained by the novel conditions upon introduction to the
enclosure rather than to ontogenetic trends.

The spatial-use heatmaps (Fig. 3) and modified spread-of-
participation indices (Table 1) indicate that snakes showed
individual differences in spatial use and did selectively re-
use specific sites in their enclosure. However, we noted no
general pattern across all snakes (e.g. all snakes preferring
one of the two hide boxes, or the furthest corner from
the enclosure door, etc.); such observations would have
indicated a potential systematic influence bearing upon all
snakes in the room. Site selection for hunting or retreat is
likely to depend on a variety of factors potentially including
thermoregulation, hunger, memory of past feeding events,
and perhaps substrate. Our focus here was on spatial use in
a purposely simplified experimental environment. Decisions
concerning site use by snakes are surely multi-modal
including, for example, information such as chemical cues
from potential prey items (Clark, 2004). However, our design
indicates that snakes do form individual spatial preferences
and repeated behaviours even in the absence of such cues.

The modified spread-of-participation indices and
heatmaps suggest that the snakes preferred to spend time in
specific hide boxes and corners; use of such spaces generally
is consistent with the thigmophilic tendencies of vipers (JRM
pers. obs.). The lack of similar patterns among the five snakes
is minimally an important demonstration of variability, or
individual differences, that may be indicative of personality
(sensu de Vere, 2017) in these snakes. Compared to other
groups of vertebrates (e.g. felid mammals; Gartner & Weiss,
2013), personality has been poorly investigated in the non-
avian reptiles; as is the case for most aspects of cognition (De
Meester & Baeckens, 2021). Repeated individual differences
in behaviours indicate awareness of objects and stimuli
in the environment and making cognitive decisions with
respect to them; this qualifies as the sentience discussed by
Learmonth (2019). Waters et al. (2017) reviewed literature
related to personality, much of which was anecdotal
or specific to predatory and anti-predatory behaviours.
However, they noted considerable evidence for individual
differences in a diversity or other behaviours, such as
boldness or exploratory tendencies, in lizards. As such, our
results contribute to their encouragement of more studies
in other non-avian reptiles.
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Our evidence of individual differences and choice in
these snakes suggests that their individual welfare may be
influenced by factors such as object and spatial recognition.
It may be appropriate to incorporate simple protocols into
husbandry routines, such as returning enclosure items to
their original positions after a cleaning event, for example.

Our small study suggests that future researchers should
take into account the growth of individual snakes during
the study period when designing their enclosures and grid
patterns. By the end of our study, the snakes occupied
multiple grids when at rest; however, this should not affect
our data as they were scored based only on position of
the tip of the snout. Nevertheless, future studies should
implement larger grids as the small size of our grids created
certain levels of non-independence among grids; a minor
repositioning of the snake would place the tip of the snout
in a different grid.
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he Matese Massif is a wide mountainous area that is

located between the Campania and Molise regions of
southern Italy. The only study of the local herpetological
fauna, although relating specifically to the Campania side of
the massif, is that of Guarino et al. (2002) in the protected
area of the Matese Regional Park (Province of Caserta),
where a total of six amphibian species were found. The
present work presents the results of original investigations
undertaken from 2008 to 2019 on the presence and
distribution of the amphibian species in the Matese Massif,
which we have reported alongside data taken from previous
studies. The purpose of the research was to acquire better
information on the presence and distribution of amphibians
in support of the conservation of local populations.

MATERIALS & METHODS

Study area

The study area corresponds entirely to the Matese Massif
(Fig. 1), including both the Campania side and the Molise side.
The massif spreads over an area of about 50,000 hectares
and extends, with an east/west orientation, between the
Volturno River and the upper valley of the Tammaro River,
and culminates with the Monte Miletto (2050 m a.s.l.). The
massif is characterised by a predominance of limestone soils
and karst phenomena. There are some lake basins, among
which Lake Matese stands out, lying in a karst depression
about 8 km long and about 2 km wide, at the foot of the
Monte Miletto. Some of the main protected natural reserves
of the Molise and Campania regions fall within the Matese
area. On the Molise side there are the WWF Guardiaregia-
Campochiaro Regional Nature Reserve, and the Callora
Torrent Nature Reserve, both falling within a special
conservation zone (ZSC IT 7222287) called ‘La Gallinola-
Monte Miletto-Monti del Matese’. On the Campania side
there is the Matese Regional Park, which extends for 33,327
ha. The Campania side is administratively assigned to the
provinces of Caserta and Benevento, while the Molise side
is assigned to the provinces of Isernia and Campobasso. On
both sides of the Matese Massif there is a mosaic of habitats:
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Figure 1. The survey grid of 15 UTM 10x 10 km squares superimposed
on the Matese Massif. At the top right there is a map of the Italian
peninsula showing the position of the study area.

plant formations typical of the Mediterranean scrub, semi-
desert stony ground on the south-western side, wood
formations consisting of beech forests, calcicolous and rocky
grassy formations of the sunny slopes, up to the mountain
and alpine calcareous scree.

On both sides of the massif the guide species for the
phytoclimatic type are: Fagus sylvatica, Taxus baccata, llex
aequilifolium, Acer lobelii, Ostrya carpinifolia, Sorbus aria,
Arum lucanum, Linum capitatum and Geranium cinereum.

Survey methodology
The current study is based mostly on records from field
surveys performed over a period of 12 years (2008-2019)
although also included were records from previous study
obtained by screening the scientific literature and records
from the herpetological database “Progetto Atlante degli
Anfibi e dei Rettili del Molise” (Capula et al., 2008; 2010;
2018).

Data on amphibians in the field were collected by visual
observation, and no individual was caught during the



Table 1. Amphibian species occurring in the study area, number of UTM 10 x 10 km squares in which the species were found, their altitudinal
range, and number of records. Records marked p.s. = previous study, c.s. = current study, all other records come from both sources.

Species No.of UTM % study area Altitudinal range No. of
squares occupied by the (min—-maxm a.s.l.) records
species
Salamandra salamandra (Linnaeus, 1758) 4 27 864-1259 41
Salamandrina perspicillata (Savi, 1821) 2 13 456-1128 76
Salamandrina terdigitata (Bonnaterre, 1789) (p.s.) 2 13 403-832 5
Salamandrina sp. (c.s.) 6 40 427-959 18
Lissotriton italicus (Peracca, 1898) 5 33 340--1400 50
Lissotriton vulgaris (Linnaeus, 1758) 4 27 105-1400 16
Triturus carnifex (Laurenti, 1768) 8 53 790-1330 27
Bombina pachypus (Bonaparte, 1838) 5 33 552-1269 49
Bufo bufo (Linnaeus, 1758) 10 67 140-1459 47
Bufotes balearicus (Boettger, 1880) 1 7 172 1
Hyla intermedia Boulenger, 1882 27 187-1076 11
Pelophylax bergeri (Giinther, in Engelmann, Fritzsche, Glnther & 9 60 94-1330 44
Obst, 1986) / P. kl. hispanicus (Bonaparte, 1839)
Rana dalmatina Fitzinger, in Bonaparte, 1838 3 20 450-1105 20
Rana italica Dubois, 1987 10 67 235-1341 105

research. Surveys were mainly undertaken during spring
and summer months (March—October), according to the
methodologies reported by Maio et al. (2000). These surveys
each lasted one day (for a total of 103 research days) and were
undertaken mainly during daylight hours by travelling along
predetermined transects that were based on cartographic
and vegetational characteristics. During field investigations,
data relating to distribution, frequency and type of activity
(reproduction, feeding) of the observed species were
collected, and the macro-environmental characteristics of
the observation sites were recorded. Particular attention was
paid to the collection of data relating to the species included
in the Habitat Directive 92/43/EEC, and to the threatened
species included in the Italian and European Community red
lists (Rondinini et al., 2013; IUCN, 2022). During the 12 years
of monitoring, we covered 93.3 % of the study area, i.e. 14
out of the 15 10 x 10 km grid cells of the Matese Massif (Fig.
1).

The records were collected from 26 municipalities that
are listed in Table S1 (see Supplementary Material). Both the
original records from the field and those from previous study
werescreened, validated and entered as recordsin a database
prepared using Microsoft EXCEL software. Each record was
geo-referenced using WGS 84/UTM33N. The database was
projected to the same co-ordinate system (WGS84) and
transformed into a 10 x 10 km grid. We aggregated the
occurrence records to the Universal Transverse Mercator
(UTM) grid system at a spatial resolution of 100 km? (UTM 10
x 10 km). We mapped the species occurrence by assigning
each species to the corresponding UTM 10 x 10 km square
following Sillero et al. (2005).

Species were identified according to their morphology and
coloration following Lanza et al. (2007). The nomenclature
adopted for the species in this paper is that proposed by Di
Nicola et al. (2019).

RESULTS & DISCUSSION

Overall, a total of 510 records were collected, 170 from field
investigations and 340 from an analysis of the literature
(Table 1). This gave a total of 14 autochthonous species of
amphibians (Caudata n=6, Anura n=8) that are listed in Table
1. The 14 species listed correspond to the total number
of amphibian species occurring in much wider regions of
southern Italy, i.e. Campania (13.670 km?; Guarino et al.,
2012) and Molise (4.438 km?; Capula et al., 2018). To date,
the Matese Massif has the greatest number of recorded
amphibian species of any mountainous area of central
or southern ltaly (Table 2). The large number of species
probably reflects the mosaic of natural habitats, the optimal
biological and chemical conditions of local waterbodies, and
the absence of threats such as water pollution.

As to the species richness, the analysis shows that in five
outof 15 UTM 10 x 10 km squares, that is one third of the area
investigated, the number of recorded species ranges from 7
to 11, and in two UTM squares (13.3 % of the investigated
area) this number ranges from 4 to 6 (Fig. 2). In one UTM
10 x 10 km square no amphibian species were recorded.
Two localities (Guardiaregia and Campitello di Sepino) can
be considered as very important hotspots for amphibians
within the study area as well as in southern Italy. In
Guardiaregia, nine species have been recorded - Salamandra
salamandra, Salamandrina perspicillata, Lissotriton italicus,
Bombina pachypus, Bufo bufo, Hyla intermedia, Rana italica
and Pelophylax bergeri / P. kl. hispanicus. In Campitello di
Sepino, six species were found - Salamandra salamandra,
Salamandrina perspicillata, L. italicus, Lissotriton vulgaris,
Triturus carnifex, and R. italica.

The distribution maps of the species recorded in the study
area can be found in the Supplementary Material (Figs. S1
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Table 2. Number of amphibian species recorded in some mountainous
areas of central and southern Italy

Mountainous area No. of Reference
species
Sibillini Mounts (Sibillini National . .
Park, Central Italy) 1 Al 2003
Majella Massif (Majella National 13 Scalera et al.,
Park, Central Italy) 2006
. . . Crucitti et al.,
Simbruini Mountains (Central Italy) 9 2010
Prenestini Mountains (Central Italy) 10 sl eeel,
2001
L . Corsetti &
Lepini Mountains (Central Italy) 11 Capula, 1992
- . Carpaneto,
Lucretili Mountains (Central Italy) 9 2000
. Romano et al.,
Aurunci Mounts (Central Italy) 9 2007
. . Corsetti &
Ausoni Mountains (Central Italy) 8 Romano, 2007
Vesuvio (Vesuvius National Park, 3 Maio et al.,
Southern Italy) 2000
. . Caputo et al.,
Alburni Massif (Southern Italy) 11 1985
Matese Massif (Southern Italy) 14 Current study

— Fig. S14). The most widespread species in the 15 UTM 10
x 10 km squares of the study were R. italica (10 squares), B.
bufo (10 squares), P. bergeri / P. kl. hispanicus (9 squares),
and T. carnifex (8 squares) which were found in more than 67
% of the monitored localities (Table 1). Species with relatively
narrow ranges were R. dalmatina (3 squares), S. perspicillata
(2 squares), S. terdigitata (2 squares), and Bufotes balearicus
(1 square). Bombina pachypus, though recorded in the past
in a number of sites (> 40 literature records), now appears
to be very rare and extremely localised. The current rarity
of the latter species seems to be real and not due to lack of
field investigations, since its range is currently shrinking fast
throughout the Italian Peninsula (Bulgarini et al., 1998; Stagni
et al., 2004; Rondini et al., 2013; Di Nicola et al., 2019) and
it is considered as Endangered in the Red List of the Italian
threatened species (Rondini et al., 2013). The altitudinal
range for Caudata (6 species) was 105—-1400 m a.s.l.,, and the
Anura (8 species) was very similar at 94—1459 m a.s.l. (Table
1); L. vulgaris and B. bufo were respectively Caudata and
Anura with the widest altitudinal ranges.The Matese Massif is
extremely interesting from the herpetological perspective as
it is the only Italian geographic area in which the two species
of the genus Salamandrina (S. perspicillata and S. terdigitata)
- which is strictly endemic to the Italian Peninsula - are
sympatric. Salamandrina perspicillata is present on both sides
of the Matese Massif, and would be the only Salamandrina
species occurring in the Molise region according to Romano
et al. (2009). Salamandrina terdigitata has been reported
with certainty in some localities sited on the Campania
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Figure 2. Number of amphibian species in the Matese Massif
recorded for each of the UTM 10 x 10 km squares investigated

Figure 3. Adult Salamandrina perspicillata from the Molise side of
the Matese Massif

side (province of Benevento, Romano et al., 2009)(Fig. S3).
Extremely interesting are the populations of S. perspicillata
occurring in some localities of the Molise side (see Romano
et al.,, 2009 for the list of localities), as they are characterised
by a genome in which alleles of S. terdigitata are present
(Fig. 3). This could be the evidence of past hybridisation and
introgression between the two species (Hauswaldt et al.,
2011; Mattoccia et al., 2011). However, it should be noted
that the taxonomic distinction between S. perspicillata and S.
terdigitata is based on mitochondrial (Mattoccia et al., 2005;
Nascetti et al., 2005) and nuclear analyses (Nascetti et al.,
2005), while no morphological traits allow a clear and easy
distinction between the two species in the field (Angelini
et al., 2007). Although some small and hardly noticeable
differences in size and coloration could allow a tentative
distinction between adults of the two species (Romano et al.,
2009), neither young individuals nor larvae can be identified
exclusively on the basis of morphological characters. Since
our observations were based on field investigations it did not
allow the unambiguous taxonomic attribution to one or the
other species. In the present contribution the original data



Table 3. Phenology of 11 amphibian species in the Matese Massif, *
= adults; E = eggs; L= larvae. The months indicated are those in which
there were field investigations.

Mar Apr May Jun Jul Aug Sep Oct
Salamandra e h L *
salamandra
Salamandrina . ¥ *L L *
perspicillata
Lissotriton o *E *E L L L L
italicus
Lissotriton * o * %
vulgaris g L. .
Triturus * * *E *| *| L
carnifex
Bombina o * * * *
pachypus z . L .
Bufo bufo *E OFEL *L *L L L * *
Hyla intermedia * *E O *EL  *L *L *
Pelophylax

bergeri/P. kl. * BE OB YL S L ® &
hispanicus

Rana italica * *EL  *EL L *L L * *

relating to specimens (adults, young, larvae) observed in the
wild on the Campania side, where both species are known
to occur, were treated as Salamandrina sp. (Table 1; Fig. S4).

As in other regions of central and southern Italy, green
frogs are represented in the Matese Massif by a sinklepton,
that is, by two closely related taxa from the genetic point of
view, one of which is the parent species, Pelophylax bergeri,
and the other is the hybridogenetic hybrid or klepton hybrid,
Pelophylax kl. hispanicus (Dubois & Ohler, 1994; Giinther &
Plotner, 1994; Capula et al., 2007; Dubey & Dufresnes, 2017).
The genetic makeup of the Italian hybridogenetic hybrids
has recently been analysed and a new endemic lineage of
eastern-Mediterranean origin as one parental ancestor
of P. kl. hispanicus identified. Apparently, this ancestor
“is nowadays extinct in the wild but its germline subsists
through its hybridogenetic descendant (P. kl. hispanicus),
which can thus be considered as a semi living fossil” (Dubey
& Dufresnes, 2017). Pelophylax bergeri and P. kl. hispanicus
are morphologically and chromatically very similar (Capula
et al., 2007) and in Molise and Campania, as in the rest of
central and southern ltaly, they usually coexist in the same
habitat (Capula et al., 2007; Di Nicola et al., 2019). As the two
taxa can only be distinguished with certainty by genetic and/
or molecular analyses, all records relating to the presence of
green frogs in the study area were processed in the database
as P. bergeri / P. kl. hispanicus (Table 1, Fig. S14).

The most commonly observed reproductive habitats by
the three newt species (L. italicus, L. vulgaris, T. carnifex)
and B. pachypus were drinking troughs and small ponds
located in small valleys or pastures along the border of dry
grassland and woods (Fig. 4). For reproduction Salamandra
salamandra, Salamandrina perspicillata, S. terdigitata and

Figure 4. Drinking trough in which adults and larvae of Lissotriton
italicus, Bufo bufo, Hyla intermedia and Pelophylax bergeri / P. kI.
hispanicus were observed

R. italica mainly frequented streams and water springs
located inside or at the edge of mixed oak woods and
beech woods. Rana dalmatina was only found in localities
characterised by riparian hygrophilous woods close to ponds
and swamps. B. bufo, H. intermedia and the taxa of the genus
Pelophylax were eurytopic species and reproduced in several
wet habitats, i.e. swamps, ponds, streams, small lakes and
drinking troughs, either in woods or pastures. According to
the available records, the phenology of 11 amphibian species
is summarised in Table 3.

The observation of uncommon levels of species richness,
with 7 to 11 species in certain UTM 10 x 10 km squares,
suggests that the Matese Massif area is important for the
conservation of amphibian species as well as their natural wet
and freshwater habitats, and thus it should be continuously
monitored and strictly protected by local authorities. Within
this area intensive agriculture and pastoral activities and
the increase in the extension of land used for agricultural
purposes should be avoided as much as possible. It has
been mentioned that drinking troughs are important for
the reproductive biology of the three species of newts as
well for B. pachypus and, occasionally, for other amphibian
species (B. bufo, H. intermedia, P. bergeri [ P. kl. hispanicus).
These small water bodies are widespread, but they are under
threat due to 1) periodic clearing and emptying by farmers
and shepherds, and to 2) introduction of fish by humans,
causing the rapid disappearance of eggs, larvae and adults
of amphibians as well as the aquatic invertebrate fauna
(Scoccianti, 2001; Peria et al., 2016). Streams and fresh
water springs are extremely important for conservation of
local populations of some species that tolerate only a narrow
range of environmental conditions (Salamandra salamandra,
Salamandrina perspicillata, S. terdigitata and R. italica) and
they should be strictly protected from water pollution,
drying up of springs, introduction of fish and alien species
of vertebrates and invertebrates (Scoccianti, 2001; Capula &
Contini, 2009; Peria et al., 2016). It should be noted that the
species considered in the present study are monitored and
strictly protected inside the WWF Guardiaregia-Campochiaro
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Regional Nature Reserve, and the Callora Torrent Nature
Reserve (Province of Campobasso, Molise side), and within
the Matese Regional Park (Province of Caserta, Campania
side). Moreover, all species of amphibians are formally
protected by the regional law of Molise (Regional Law
26/1996), and some species (S. perspicillata, S. terdigitata, L.
italicus, T. carnifex, B. pachypus, R. dalmatina and R. italica)
are also included in the Appendices of the European Council
Directive 92/43/EEC (Habitat Directive on the conservation
of natural habitats and wild fauna and flora) as deserving
high conservation priority.
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Hindlimb anomalies are the most widespread among
all developmental anomalies of tailless amphibians
(Meteyer et al., 2000; Ballengee & Sessions, 2009). Severe
limb malformation may reduce the viability and reproduction
success of an individual. Herein we report noticeable
hindlimb malformations in froglets of European water frogs
Pelophylax Fitzinger, 1843, from one particular locality.

In September 2018, we collected a sample of 21 water
frog froglets in the old artificial pond, the Lower Dobrytskyi
pond (NP “Homilshanskilisy”, Kharkiv region, Ukraine, 49°
37’40” N, 36° 16’58” E). It was previously shown that the
Lower Dobrytskyi pond was inhabited by a population system
of hybrid edible frogs Pelophylax esculentus Linnaeus, 1758,
(both diploid and triploid forms) and one of its parental
species, the marsh frog Pelophylax ridibundus, Pallas, 1771
(Meleshko et al., 2014; Kryvoltsevych et al., 2022). Adult
hybrids are usually easily distinguishable from P. ridibundus
by a complex of morphological traits that include colouration
of hips and vocal sacs (for males) and shape of the inner
metatarsal tubercle (e.g. Kierzkowski et al., 2013). However,
these differences are not reliable for the identification of

subadults, consequently we refer to all the froglets only
as Pelophylax. We assessed the froglets sex and ploidy, by
examination of gonadal morphology and chromosomal slides
prepared from intestine and/or bone marrow (Macgregor &
Varley, 1983). For this purpose, the froglets were euthanised
with ethylacetate vapours and dissected; specimens were
further stored in 96 % ethanol. Data from the investigation
of ploidy is described in detail in Fedorova et al. (2018).
Water frogs are not listed as Endangered species either in
IUCN Red List or Red Data Book of Ukraine. All manipulations
were undertaken according to the Guidelines for Use of Live
Amphibians and Reptiles in Field and Laboratory Research
(ASIH, 2004).

In most literature sources, the terminology concerning
hindlimb malformations lacks consistency. Here we follow
Nekrasova (2008) by referring to the total absence of any part
of the limb as ectromelia and shortened limb as hemimelia.
The disturbed body plan of the limb is described as taumelia.

Among the 21 froglets studied, 13 were females, and eight
were males. All froglets were diploid. Seven individuals (33
%, five females and two males) had severe malformations of

Figure 1. Pelophylax froglets with serious hindlimb malformations- A.—E. Ectromelia, F. Hemimelia, and G. Taumelia (arrow) and hemimelia
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hindlimbs. Five individuals had ectromelia (Fig. 1A-E), one
had hemimelia (Fig. 1F), and one had hemimelia accompanied
by taumelia (Fig. 1G). The presence of malformations was not
associated with the sex of froglets (x*= 0.2074, p = 0.6488).

Our previous research on 190 adult water frogs from the
same locality showed only one frog with a missing hindlimb
and one with taumelia (Kryvoltsevych et al., 2022). Based on
that research and our data on the froglets presented in the
current study we applied Fisher’s exact test to estimate the
difference between the frequency of hindlimb malformations
among froglets and among adults. The test results showed a
significant difference (two-tailed, p < 0.0001), indicating that
such types of malformations may affect the viability of frogs.

Revealing the primary reason of each malformation would
be a complex task because malformations could result from
either natural or anthropogenic factors, including parasitic
infections, exposure to UV radiation and chemical pollutants,
physical traumas, and genetic defects (Johnson et al., 1999;
Ouellet, 2000; Henle et al., 2017). Furthermore, Ballengee
& Sessions (2009) showed that the most likely reason for
missing limbs and missing limb segments is predation by
dragonfly nymphs who can injury or even amputate the limbs
of tadpoles. The extent of subsequent limb regeneration,
and as a result the extent of limb deformity, depends on the
tadpole’s stage of development: younger tadpoles have a
greater chance of full limb regeneration. The local occurrence
of this phenomenon may indicate a link to genetic traits of the
quite complex local population system. Such frequent limb
malformation has not been reported from other Pelophylax
populations in this national park, although they have been
monitored for almost a decade.

Currently, we are unable to state why there was such
a high frequency of missing hindlimbs in these froglets.
Additional investigations with larger samples (including both
larvae and metamorphosed individuals) are required.
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ypopigmentary anomalies (HAs) are chromatic disorders

of various etiologies that result in lighter colourations
due to a decrease or lack of pigments. A standardised
terminology for chromatic anomalies in reptiles has recently
been proposed by Borteiro and colleagues, including
definitions for the main HAs such as amelanism, albinism,
hypomelanism, leucism, and piebaldism (Borteiro et al.,
2021). Among wild reptiles, HAs are mostly known in snakes
while they are rarer in other squamates, including geckos.

In the case of wild geckos, HAs have been reported in less
than 0.4 % of the known species (Table 1). There have been
no previous reports of HA in the Moorish gecko Tarentola
mauritanica Linnaeus, 1758, which may be a complex of six
cryptic species (Rato et al., 2016). The species is chromatically
variable with a grey or brown colouration dorsally,
sometimes with yellowish tones, and a ladder-shaped dark
pattern (Aprea et al., 2011). Moreover, T. mauritanica is
able to quickly darken or lighten the dorsal ground colour
and pattern in relation to the substrate and light conditions
(Vroonen et al., 2012).

On 1 September 2022 at 22:40 h, in the seaside locality
Triscina di Selinunte (Province of Trapani, Sicily; 37° 34’'57”
N, 12° 48’44” E; 10 m a.s.l.) a young Moorish gecko with
a freshly shed tail (Fig. 1) was observed on the ground of
a private garden. Specific identification was made on a

Figure 1. Two young Moorish geckos Tarentola mauritanica from
Sicily - A. Dorsal and ventral views of a specimen affected by an
hypopigmentary anomaly, and B. An individual of normal colouration
and similar size observed at the same location

morphological basis (Aprea et al., 2011). The gecko snout-
vent length (SVL) was 27 mm, which is compatible with a
recently hatched individual (Martinez-Rica, 1974). The dorsal

Table 1. Overview of gecko species for which hypopigmentary abnormalities in the wild have been reported in scientific literature, there is only

a single record in each case

Species Family Declared Age class (sex) References
anomaly
Woodworthia maculata Diplodactylidae Leucism Adult (female) Baling, 2015
Cyrtodactylus deccanensis  Gekkonidae Xanthism Unspecified Mayekar et al., 2022
Lygodactylus capensis* Gekkonidae Amelanism Unspecified Raw, 2021
Homonota taragui Phyllodactylidae Partial albinism  Unspecified Courtis et al., 2015
Tarentola boettgeri Phyllodactylidae Piebaldism Adult (male) Rocha & Rebelo, 2010
Tarentola mauritanica Phyllodactylidae Amelanism Young This study
Euleptes europaea Sphaerodactylidae  Albinism Young Delaugerre, 1981
Gonatodes albogularis Sphaerodactylidae  Leucism Adult (female) Grisalez-Martinez & Arias-Alvarez, 2018

*The individual is likely young from what can be assessed from the photo
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ground colour was whitish with pinkish hues, marbled with
a very faint yellow pattern, while the ventral parts were
whitish and slightly translucent. The subdigital lamellae
also appeared depigmented (Fig. 1). The iris was pale pink,
affected by a faded whitish part around the pupil, the latter
appearing distinctly reddish when dilated. The chromatic
condition of the gecko would appear to be amelanism sensu
Borteiro et al. (2020; i.e. lack of melanin expression -dark
colours-, including eyes).

Although T. mauritanica is a common, widespread, and
adaptive species (Speybroeck et al., 2016), no cases of HAs
have been described previously in the scientific literature
suggesting a low survival rate of affected individuals in
nature.
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population of introduced wall lizards Podarcis muralis in

a small (15 m x 8 m) undisturbed garden in the village
of Newton Ferrers in Devon, England, has been studied
intensively for 4 years. The lizards correspond in appearance
to the subspecies nigriventris Boneparte, 1838, and so
probably originated from central Italy. Individuals were
identified by the pattern, shape and colouration of the scales
around their eyes and cheeks, which, with one exception out
of 18, were the same on both cheeks. In 2021, three adult
males and six adult females were observed and photographed
on 105 days, often three times a day, for periods from one
minute to one hour, providing 4800 photographs. In 2022,
one male and eight females were photographed on 161 days
providing 6400 photographs. In 2021, a male lizard (M1) was
seen to have suffered tail loss, as was a gravid female lizard
(F2) in 2022. The subsequent progress of tail regeneration in
these two cases was documented with photographs and tail
measurements.

Measurements of total body length and tail length were
made using a ruler which was laid horizontally beneath
a paving slab that was often used as a basking place (Fig.
1). Regrowth was measured on the computer screen by
enlarging the known part of the lizard’s length to its actual
size, enabling the new growth to be measured. The error
in this measurement system was not determined but
measurements over time gave progressive increases in the
length of regenerated tails, indicating a reasonable degree
of accuracy.

The male lizard (M1) was observed with a recently broken
tail on 13 July 2021 and photographs and measurements
were taken on five subsequent occasions until 16 August
(Figs. 2 & 4). In this 34-day period the tail had regrown 83
mm. This occurred at a minimum rate of 0.7 mm/day and
a maximum of 2.6 mm/day, as determined between the
intervals that photographs were taken.

The gravid female lizard (F2) was observed with a recently
shed tail on the 27 May 2022 (Figs. 3 & 4) and laid eggs 13 to
15 days later (9—11 June). At that time the regenerated tail
(blastema) measured only about 1 mm in length, i.e. there
was negligible regrowth before egg laying. Between 11 June
and 18 July, the tail grew 53 mm, at an average rate of 1.6
mm/day.

The observations on male and female specimens were
made in two different years, 2021 and 2022. In the period April
to the end of July, these years showed marked differences
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Figure 1. A female lizard on the paving slab with the ruler used to
measure length

Figure 2. Tail regeneration in an adult male Podarcis muralis (M1)
in 2021 - A. Soon after tail loss (13 July), B. After 12 days (25 July)
with significant tail regeneration, and C. After 34 days (16 August)
with further regeneration (the male indicated by red arrow, tail tip
by white arrow)



Tail regrowth in wall lizards Podarcis muralis from a population introduced in England

Figure 3. Tail regeneration in an adult female Podarcis muralis (F2)
in 2022 - A. Soon after tail loss on 27 May while still gravid, B. After
33 days (30 June) when eggs had been laid and with significant tail
regeneration, and C. After 52 days (18 July) with further regeneration
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Figure 4. Tail regrowth of a male and a female wall lizard Podarcis
muralis that were photographed and measured several times after
tail loss. The male was assessed from 13 July to 16 August 2021
and the female from 27 May to 18 July 2022 (red arrow indicates
approximate time of egg laying)

from long-term average weather conditions; 2021 was
relatively cool and moist while 2022 was exceptionally hotand
dry. These differences would be expected to have impacted
physiological processes in the lizards and also perhaps even
food availability. Consequently, no direct comparisons can
be made between male and female tail regrowth rates.
There appear to be no data in the literature with which the
current observations can be compared directly, although
under laboratory conditions the tail of P. muralis is said to
be able to regenerate in 20-30 days (Alibardi, 2010; 2018)
which concurs with at least the male in this study. The lack
of regeneration during the period that the female was gravid
is particularly interesting, especially as it is known that the
rate of tail regeneration in Zootoca vivipara is reduced in
individuals that are heavily infected by blood parasites
(Oppliger & Clobert, 1997). The extra physical stress involved

in reproduction may account for very slow regrowth rate
until after egg laying although this could in part be attributed
to the more extreme weather conditions of 2022, which may
have been an important stress factor.
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he worm snake Xerotyphlops vermicularis Merrem,

1820, is a small semi-fossorial snake, distributed in the
southern parts of the Balkan Peninsula (along the Adriatic
coast, parts of North Macedonia, parts of southern Bulgaria,
reaching north to the Central Black Sea coast, and most of
Greece including many Aegean islands), Turkey, the Middle
East, Caucasus and eastwards to Iran and Afghanistan
(Speybroeck et al., 2016; Koynova et al., 2021). Due to its
secretive life, the species’ biology and ecology have been
little studied across its range. In Bulgaria between the end
of April and the end of June, X. vermicularis is found during
the day under stones, and rarely on the surface (only at
dusk and at night, or after heavy rains); in July and August it
is not usually found under stones, but comes to the surface
at night; in September it migrates to the deeper soil layers
and it is almost impossible to find (Naumov, 2007; Stojanov
et al., 2011). Copulation is in May and June, and the eggs
(2—8) are laid in July—August in deep layers of soil (Naumov,
2007; Stojanov et al.,, 2011; Speybroeck et al., 2016). To
date, there are apparently no published descriptions of
the mating behaviour of X. vermicularis or of other blind
snakes of the families Typhlopidae, Anomalepididae and
Leptotyphlopidae. In this report, we provide some insights
into the courting ritual and the copulation behaviour of X.
vermicularis.

On 16 May 2022, during an ecological study of snakes in
Bulgaria, we found two adult X. vermicularis under a stone
at 23:44 h (local time), near Dositeevo Village (41° 55’44”
N, 26°0’51” E; 149 m a.s.l.) in south-eastern Bulgaria, aided
with an artificial light. We noticed that the two snakes were
coiled together and appeared to be conducting courting
behaviour, prior to copulation. We carefully removed the
stone, then started observing and filming their behaviour
without disturbing the snakes. Following copulation, we
captured the snakes to measure snout to vent length (SVL)
and tail length (TL) (precision 0.1 cm), and weigh (W) them
(precision 0.01 g) before releasing them at the site of
capture.

During the courtship, the larger snake (SVL = 26.8 cm,
TL =0.5 cm, W = 5.32 g), which we presumed was female,
was laying relatively still on a sandy-soil substrate, its body
positioned in a W-shape form with the head at one end,
hiding in the grass, and the tail exposed on the surface at
the other (Fig. 1A, BHS video 2023a). The smaller snake (SVL
=20.5cm, TL=0.6 cm, W = 2.43 g), which we presumed was
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Figure 1. Mating behaviour of Xerotyplops vermicularis observed
in situ on 16 May 2022 - A. Courting behaviour, in which the male
coiled its body along that of the female, B. Copulating behaviour,
during which the two snakes align and press their cloacae together.
White dotted arrow indicates the presumed female snake (F); white
continuous arrow indicates the presumed male snake (M). For more
details see BHS videos 2023a & b.

the male, was coiled and moving around the body of the
female. The head and the interior 1/3 of the male’s body
was coiled tightly around the mid-part of the female’s body
while the other 2/3 of the male’s body, including its tail,


https://youtu.be/V6jcQZEd-6c

was coiled more loosely around the female’s body. The
male was making spiral movements along the axis of the
middle part of the female’s body, without releasing the
tight grip, with the head leading the way and gently rubbing
the female’s body, while the tail was providing a loose hold
and was slowly moving along the female’s body (Fig. 1A,
BHS video 2023a). This courting behaviour of the male
continued for about two minutes. However, since it had
already begun at the time the snakes were first observed,
its full duration remains uncertain.

After these two minutes, the two snakes started
to copulate. During the copulation, the female’s body
remained in its previous position, although the snake was
slowly moving forward. The head and the anterior 1/3 of
the male’s body was positioned away from the female’s
body. The middle 1/3 of the male’s body was positioned
on top of the mid-part of the body of the female, while
the posterior 1/3 of the male made two tight coils around
the corresponding parts of the female body, followed by a
slightly loosened coil, and ending with the cloacae of the
two snakes being pressed together. During this phase, the
male tried to remain in this fixed position, so he adjusted
the posterior part of its body after each movement of the
female (Fig. 1B, BHS video 2023b). The cloacae of the two
snakes remained pressed together for around 1.2 minutes,
after which the male removed his cloaca for 3 seconds, and
then pressed again against the cloaca of the female for an
additional 10 seconds. Thereafter, the male released the
hold on the female’s body and moved away from her (BHS
video 2023b).

As is generally the case in the Typhlopidae, sexual
dimorphism in X. vermicularis is very weak, which makes
determining the sex of an individual difficult and uncertain
without dissection. Because of the species’ small size and
frail body structure, the usual methods for determining
the sex of live snakes, such as probing (Schaefer, 1934) or
squeezing the base of tail to reveal the hemipenes (Gregory,
1983) cannot be applied. Males and females differ to a
small degree in the tail length and the number of subcaudal
scales, with males usually having longer tails with more
scales (Perry, 1984). However, because of the small size of
those scales, a magnifying glass should be used for accurate
counting (Perry, 1984). Additionally, at least in another
member of Typhlopidae, Anilios nigrescens Gray, 1845,
females are larger than males (Shine, 1978). Although sex
determination in our case could not be confirmed, based
on the difference between the body proportions of the two
individuals (the larger snake was approximately 6 cm longer
than the smaller one but its tail was 0.1 cm shorter), as well
as the clear difference between the behaviours of the two
individuals, it is reasonable to assume that the smaller and
more active individual was the male.

The mating behaviour of snakes is usually rather complex
and includes specific mating rituals where males are much
more active and involved than females (Shine, 1978; Andrén
& Nilson, 1983; Andrén, 1986; Vitt & Caldwell, 2014).
This usually includes three phases: tactile-chase, tactile-
alignment, and intromission coitus (Vitt & Caldwell, 2014).
The tactile-chase phase includes the initial contact between

the snakes, when males often use chemosensory sampling
to determine the sex of the other snake. During this phase,
the male places his body alongside or over the dorsal
surface of the female, contracting segments of his body
musculature in a wave-like manner, while often also rubbing
his chin on the females back, or even biting her. The tactile-
alignment phase begins when the first attempt to copulate
occurs, which involves tail-searching and alignment of the
male’s tail with that of the female, by rapid caudal vibrating
movements. The tactile behaviours expressed during the
first phase may also continue during the tactile-alignment
phase. During the intromission coitus phase, the female
gapes her cloaca and allows the insertion of one of the
hemipenes of the male (Vitt & Caldwell, 2014). It appears
that courtship and copulating behaviour of X. vermicularis
involves the same three phases. However, because of the
species’ very short tail, the end of each phase and the
respective beginning of the next is hard to distinguish. We
suggest that such behaviour with coiled body and tight grip
on the female along with the strong pressing of cloacae are
required considering the general morphology of the species
and males’ typical non-ornamented hemipenes (Heyder,
1968).
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he Aesculapian snake Zamenis longissimus (Laurenti,

1768) is widely distributed in Europe from north-eastern
Spain through central and southern Europe to the Caspian
Sea, northern Asia Minor and Caucasus region, with many
isolated populations in Britain, Czech Republic, Germany,
Poland, Ukraine, south-western Russia, and Elba Island (Italy),
while its presence in Sardinia is disputed (Musilova et al.,
2010; Di Nicola, 2020). In Greece, the species has been found
in various parts of the mainland including the Peloponnese
(Fig. 1), Samothraki island in the Aegean sea, and the islands
of Corfu and Paxos in the lonian Sea (Valakos et al., 2008; Stille
& Stille, 2017; Pafilis & Maragou, 2020), while recently it was
also confirmed in the north part of Euboea island (Strachinis,
2021). The species prefers woodland areas, especially
deciduous forests, however it can be found in many habitat
types, provided there is dense vegetation, shrubs, maquis,
open forests, and thickets. It tends to frequent humid places,
from sea level up to an altitude of 2,000 m (Valakos et al.,
2008; Geniez, 2018).

The geographical region of Greek Thrace is located in the
north-eastern part of Greece; bordering the Marmara Region
(Turkey) to the east, and Eastern Macedonia (Greece) to the
west, the Aegean sea to the south, and south-central Bulgaria
to the north (Fig. 2). The region of Thrace consists of three
prefectures (Xanthi, Rhodope and Evros), with a total area of
8,578 km? and is mainly characterised by lowland areas (46.2
%) followed by mountainous (28.5 %) and semi-mountainous
(25.3 %) areas. Most of its land is covered by agro-pastoral
(cultivations and pastures) activities (61 %), forests (32.3
%), and wetlands (2.6 %) (NSSG, 1995). There have been
some herpetological surveys in Thrace, in which a total of
15 amphibian and 31 reptile species have been recorded
(Valakos et al., 2008; Cattaneo & Cattaneo, 2014; Georgiev
& Mollov, 2016; Cattaneo, 2017; Pafilis & Maragou, 2020;
Christopoulos & Kotselis, 2021; Christopoulos, 2022). Most
of these species occur in all three of the prefectures, while
some are limited to one or two of them. The Aesculapian
snake has been recorded in the Xanthi and Evros prefectures.
According to the literature and our knowledge, in Xanthi the
species is known from the Nestos River Delta, and in Evros
it has been located in two areas: in the north-western part
and in the wider area of the Dadia-Lefkimi-Soufli Forest

Figure 1. Map of Greece showing confirmed areas of distribution (in
red) of the Aesculapian snake Zamenis longissimus

in the central part of the prefecture. Here, we report the
Aesculapian snake for the first time from Rhodope prefecture
in two locations, as we have also identified it in new locations
of Xanthi and Evros prefectures.

In spring—summer 2021 and 2022, we undertook small-
scale herpetological surveys in several areas of the three
prefectures of Greek Thrace region. To locate the animals,
we used line transects combined with searching for possible
shelters and sunny spots that are frequently used by reptiles
for basking. Furthermore, snakes were detected both on
asphalt and on dirt roads when we were travelling by car. On
roads, we recorded both alive and roadkill specimens. In all
cases, we noted total length (TL) and snout-vent length (SVL),
as well as the weather conditions, a brief habitat description,
and geographical co-ordinates. Some specimens that were
found dead on roads were collected and preserved in 96 %
ethanol.

We found at total of eight specimens (Table 1) from
widely ranging locations (Fig. 2), with the very first records
for the Rhodope prefecture. Full details, including habitat
descriptions and weather conditions, are given in Table 1S
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Aegean Sea

Figure 2. Location of Greek Thrace in Greece (inset) and map of the
three prefectures of Greek Thrace and the areas it borders. The red
stars show the localities where we found Zamenis longissimus, and
the red dots show some other published records close by in Greece
and Bulgaria. The records in Rhodope are the first for this prefecture.

Figure 3. Photographic documentation of the Zamenis longissimus
individuals found in Greek Thrace (specimen numbers refer to
Table 1) - A. Young road-killed specimen within the protected area
of Lefkimmi forest (#1), B. Subadult road-killed snake between the
villages of Organi and Smigada, dorsal and C. ventral view (#2),
D. Juvenile individual, within the protected forest of Dadia (#3),
E. Adult individual between the villages of Dadia and Giannouli
(#4), F. Juvenile individual (axanthic) within the protected area of
Mountainous Evros-Dereio Valley, next to Hilia Plateau (#5), and
G. A road-killed juvenile snake in the same area (#6). H. Juvenile
individual within the protected area of Filiouris River Valley, close to
the village of Kechros (#7)
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Figure 4. Detail of the axanthic juvenile Zamenis longissimus, next to
Hilia Plateau (#5, see Table 1)

(see Supplementary Material). Photographs of seven of
the eight specimens recorded are given in Figure 3.

Our observations include new records for the
Aesculapian snake in the prefectures of Xanthi and Evros,
while the species is reported for the first time from
Rhodope prefecture. The presence of the species in our
survey area was expected, as the area falls within the
species’ geographical range limits and its habitat type.
To the best of our knowledge, there are a large number
of published records in southern Bulgaria (Petrov, 2004;
Petrov et al., 2006) and some from north-eastern Greece
(Valakos et al., 2008; Pafilis & Maragou, 2020) (Fig. 2).

During our survey we made two unusual observations.
Two juveniles (#3 & #7, Table 1) vibrated their tails
when captured. Tail vibration was recently reported
for the first time in an Aesculapian snake from Bulgaria
(Dyugmedzhiev, 2020) and has also been observed in the
Italian Aesculapian snake Zamenis lineatus Camerano,
1891 (Di Nicola et al., 2022). In addition, we observed (Hilia
Plateau - 16 May 2022) a young axanthic individual (Fig. 3F
& Fig. 4). The typical colouration of juvenile Aesculapian
snakes is brown to dark brown on the head and back, with
white or pale-yellow streaks and yellow labial plates and
collar (Geniez, 2018). In axanthic juveniles, the yellow
colouration is absent and replaced by light grey, while
the brown colouration of head and back is replaced by
dark brown or black, with numerous small light markings.
Axanthic colouration in Aesculapian snakes has rarely
been seen in Greece, but has been reported from other
countries (Zadravec & Laus, 2011; Cattaneo, 2015).

New knowledge concerning the distribution and ecology
of forest reptile species, such as the Aesculapian snake,
can contribute to more appropriate and targeted actions
in managing and protecting a sensitive faunal group that
live in an ecosystem that is increasingly exploited, leading
to deforestation, fragmentation and degradation.



Table 1. Aesculapian snake individuals recorded in Greek Thrace, 2021 and 2022

of Lefkimmi

2 10 May 2021
14:20 h

TL: 673 mm Subadult, fresh
SVL: 545 road-kill
mm limit

3 13 May 2022
19:06 h

TL: 282 mm Juvenile,

SVL: 233

village of Dadia

4 13 May 2022 TL: 974 mm Adult, crossing
dusk SVL: 785 road

as record #3

5 16 May 2022
15:10-17:00 h SVL: 265 road

6 Ditto #5 TL: 323 mm Juvenile, road-

SVL: 267 killed

7 16 May 2022
18:50 h

TL: 342 mm Juvenile,
SVL: 285

8 13July2022 TL:481 mm Young, road-

41°15'55" N, 25° 42'47" E, 582 m a.s.l.
Near north-western Filiouris River valley

41°7'22" N, 26° 10'47" E, 184 m a.s.l.
basking on road Protected area of Dadia-Soufli Forest -
mm Evros Mountains, about 3.7 km west of the known

41°9'26" N, 26° 13'29" E, 95 m a.s.l.
Between the villages of Dadia and
mm Giannouli, within the same protected area

TL: 317 mm Juvenile, on dirt 41°17'28" N, 25°55'12" E, 803 m a.s.l.

North-western part of the protected area

mm of Mountainous Evros-Dereio Valley close
to the Rhodope Prefecture’s borders

41° 17'54" N, 25° 55'14" E, 800 m a.s.l.
Ditto #5 but about 430 m further north

41°15'54" N, 25° 54'17" E, 752 m a.s.l.
basking on road North-eastern part of the protected area
mm of Filiouris River Valley, at about 5.3 km
north-east of the village of Kechros

41°21'18" N, 24° 58'14" E, 515 m a.s.l.

# Date & time Dimensions Life stage Location Notes
1 8 May 2021 TL: 536 mm Young, road-kill 41°2'25" N, 26° 9'54" E, 228 m a.s.l. Fig. 3A, specimen deposited in the first
09:56 h SVL: 445 Protected area of Dadia-Soufli Forest, author’s collection
mm Evros. About 3 km north-west of the village

Fig. 3B & C, specimen deposited in first
author’s collection. Appears to be first
record of the species in the prefecture of
Rhodope

Fig. 3D, released where captured.
Presence of the species in the area already

Fig. 3E, released where captured. Presence
of the species in the area already known

Fig. 3F, species not reported previously
from this area of Evros

Fig. 3G, ditto #5

Fig. 3H. Specimen released back into its
habitat. Second record of the species in
the prefecture of Rhodope

Presence of the species has not been

17:45 h SVL: 398 kill in poor Northern part of the prefecture of Xanthi, reported previously reported from this
mm condition in the area of Thermes settlements area of Xanthi
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Missing toes in the graphic spiny lizard Sceloporus grammicus from
central Mexico
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ne of the most reported morphological anomalies in

lizards is missing toes. This may occur naturally for
various reasons, including attempted predation (Hudson,
1996; Vervust et al., 2009), intraspecific aggression (Gvozdik,
2000; Vervust et al., 2009; Passos et al., 2013), or progressive
digital necrosis (Hazell et al., 1985). The incidence of missing
toes may vary across habitats (Vervust et al., 2009) and follow
different sexual patterns, such as male-bias (Gvozdik, 2000;
Vervust et al., 2009), female-bias (Passos et al., 2013), or no
sexual bias (Hudson, 1996); longer digits are more likely to be
missing (Vervust et al., 2009).

The graphic spiny lizard Sceloporus grammicus is widely
distributed throughout most of the northern and central
states of Mexico (Sites, 1982). During studies on the
ecological aspects of this species in four different localities
in central Mexico (three in Hidalgo and one in Puebla
states), several lizards were captured (by hand, rubber
banding, or noosing) that had missing toes (Table 1S - see
Supplementary Material). Once captured, we photographed
all lizards and measured their snout-vent length and body
mass with a digital caliper (x 0.01 mm, Mitutoyo) and a
spring balance (+ 0.02, Pesola®), respectively. Considering all
localities from the years 2018, 2021 and 2022, we collected
a total of twelve adult lizards that had some missing toes,
which we believe were missing naturally. Two thirds (8)
were male and one third (4) were female. According to the
definitions of Rothschild et al. (2012), six of these lizards had
ectrodactyly (absence of one or more digits, Fig. 1A), two had
brachydactyly (shortened digits, Fig. 1B), and four had both
anomalies (Fig. 1C-D). All of these lizards were seen perching
and performing their usual activities so that initially we failed
to notice their missing toes. After inspection, all individuals
were returned to their capture site.

Other Sceloporus species have been reported to have
lost toes naturally (e.g. Sceloporus merriami and Sceloporus
occidentalis [Huey et al., 1990]) but this is the first account
of this anomaly in S. grammicus. It is interesting to note that
the removal of toes as a means of marking lizards is claimed
to have no apparent effect on either locomotor performance
(Huey et al., 1990, Vervust et al., 2009) or the ability of lizards
to climb (Paulissen & Meyer, 2000). Given that all the lizards
we observed with missing toes were large adults (54.18-
71.5 mm) and were performing their activities as usual, we
consider that the naturally missing toes also probably had
no effect on performance; as was the case in S. merriami

Figure 1. Naturally missing toes in Sceloporus grammicus from
central Mexico - A. Male with ectrodactyly (absence of one or more
digits), B. Male with brachydactyly (shortened digits), C. Female with
both ectrodactyly and brachydactyly, D. Male with both ectrodactyly
and brachydactyly. Red arrows show the missing toes.

and S. occidentalis (Huey et al., 1990). It appears from our
study that male S. grammicus may lose toes more frequently
than females; this could result from intraspecific aggression
(Gvozdik, 2000; Vervust et al., 2009). However, given the
small sample size no definite conclusion can be drawn about
this. Further data collection is required.
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Burrow-creating species are considered ecosystem
engineers, and armadillos are one of the most important
burrow digging animals in the Neotropics (Rodrigues et
al., 2019). Their burrows can be used by other animals
as shelter from fire (Friend, 1993), predators (Layne &
Jackson, 1994; Waterman & Roth, 2007), as foraging sites
(Desbiez & Kluyber, 2013), and can be used as a thermal
refuge to escape from extreme environmental conditions
(Walde et al., 2009; Pike & Mitchell, 2013). Even in some
areas where armadillos are considered invasive species,
33 native species have been reported to use their burrows
(Butler, 2020).

Many species of reptiles may exhibit hibernation-like
behaviours, when faced with lack of food or drought,
remaining inactive for long periods (Fagundes et al., 2016;
Campos et al.,, 2004). This behaviour has already been
recorded for many crocodilian species during droughts,
including the yacare caiman Caiman yacare (Campos,
2020). The yacare caiman is a medium-sized crocodilian
that occurs throughout the Pantanal wetlands, in Brazil,
Bolivia and Paraguay (Campos et al., 2010). They can bury
themselves in mud, hide in leaf litter, and remain in a
comatose state for long periods as a way to save energy
(Campos et al., 2004; Campos & Magnusson, 2011; Farias
et al., 2013).

On 14 February 2022 at about 21:40 h, during fieldwork
in the southern Pantanal, we found an individual C.
yacare (Fig. 1) deep inside an armadillo burrow. This was
at Pousada Aguapé, in the municipality of Aquidauana,
state of Mato Grosso do Sul, Brazil at (20° 5'7.9296” S, 56°
1’36.8436” W). The armadillo burrow was likely made by
either Dasypus novemcinctus (nine-banded armadillo) or
Euphractus sexcinticus (six-banded armadillo). The burrow
identification was based on the size of the hole, and that
these are the most common armadillo species in the region
(Abba & Superina, 2010; Rodrigues, 2002). The burrow was
only 84 m away from a vazante (a drainage field) (Bazzo,
2012; Leite, 2021). It is well known that February is not
the usual time for C. yacares to aestivate (Campos 2020),
since it is one of the wetter and rainy months of the year
(Faria et al., 2010). Nonetheless, the lack of rainfall in the
last three year’s rainy season could trigger such behaviour.
The Pantanal has been facing one of the worst droughts

Figure 1. Use of an armadillo burrow by a Caiman yacare - A. General
view of the burrow B. Medium sized C. yacare taking refuge in the
armadillo burrow

in its history (Marengo et al.,, 2021; Naumann et al.,
2022), which is consequently affecting the population of
Pantanal caimans, which depend on water for their food,
reproduction, and development.

Behaviours such as burying in mud or under leaf litter
have already been recorded for C. yacare (Campos &
Mourdo, 2020; Campos et al., 2003). However, this is
the first record of a C. yacare using an armadillo burrow
as a refuge. The nearby vazante, which would normally
be at least 30 cm deep in water at this time of year, was
completely dry (Bazzo et al.,, 2012; Leite et al., 2021). It
was so dry that there was no mud for the caiman to bury
itself. We believe that the presence of the caiman in the
burrow was an attempt by the animal to protect itself
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from this irregular dry period, avoiding hot temperatures,
and minimising energy expenditure until its environment
becomes more favourable. Since both D. novemcinctus (nine-
banded armadillo) and E. sexcinticus (six-banded armadillo)
are common in the region, their burrows may represent an
important landscape feature for caimans, and even other
Pantanal ectothermic species, during this severe drought.
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he blue-sided leaf frog Agalychnis annae is currently

assessed by the IUCN as Vulnerable (IUCN, 2020). The
species was considered endemic to Costa Rica, but a single
individual has since been observed in Panama (Hertz et al.,
2012). Within Costa Rica the known range of the species
has recently been extended (Hildalgo-Mora et al., 2021).
Despite these recent extensions the species is still found
predominantly in a few, isolated populations within urban
areas of the Central Valley of Costa Rica (Hoffmann, 2005;
Hildalgo-Mora et al.,, 2021; Arguedas et al., 2022), and
remains extirpated from previously known sites of more
natural habitat, such as Monteverde and Tapanti national
parks, where the species was once considered common
(IUCN, 2020).

On 15 September 2022 at approximately 18:30 h in
Heredia province Costa Rica, 1188 m a.s.l., during a visit
to a breeding site for A. annae within an urban area, the
authors observed a juvenile specimen at Gosner stage 45
(Gosner, 1960) with a missing right eye, where instead
there was a small fold or scar, and a normal left eye (Fig.
1A & B). The specimen was active, observed on the upper
surface of a leaf approximately 1 m above the ground and
within 0.5 m from a breeding pond. It appeared otherwise
in good health and body condition when compared to
numerous individuals observed at the site at a similar
developmental stage. Anophthalmia, the absence of one or
both eyes, is a deformity that has previously been recorded
in both anurans (Ramalho et al., 2017; Castro-Torreblanca
& Blancas-Calva, 2021) and urodeles (Ayres et al., 2022).
Individuals with this condition exhibiting the loss of a
single eye have been known to survive to adulthood whilst
appearing in otherwise good health (Ramalho et al., 2017).

This observation is the first recorded account of
anophthalmia in a wild individual of this vulnerable species.
Due to the fragile nature of amphibian populations, and
observed dramatic declines recorded previously in this
species (Hoffmann, 2005; IUCN, 2020), it is important to
keep a record of observations that may be indicative of the
health of their populations.
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mooth newts Lissotriton vulgaris are a widespread and

common newt species found throughout Europe, growing
to approximately 11 cm in length (Speybroeck et al., 2016).
The species is widespread in Great Britain and is well adapted
to urban environments, often being observed in garden ponds
(Beebee & Griffiths, 2000) and may also inhabit natural ponds,
lakes, and slow-flowing streams (Speybroeck et al., 2016). In
February or March, adults enter water to breed and by July most
have left water for terrestrial habitats, although some remain
in water until September or October and then leave to locate
hibernation sites in the terrestrial environment. Metamorphs
remain on land until they are sexually mature.

The Eurasian kingfisher Alcedo atthis is an unmistakable
blue bird found throughout Eurasia, that may grow to 16 cm in
length (Fry & Fry, 2010). The species inhabits clear, slow-flowing
streams and rivers, ponds and lakes where they tend to perch
on branches and rushes, near open water within a few metres
of the surface (Fry & Fry, 2010). The majority of the diet of the
Eurasian kingfisher is freshwater fish (Raven, 1986; Reynolds &
Hinge, 1996). However, other prey items are occasionally taken
including aquatic invertebrates and amphibians such as the pool
frog Rana esculenta, fire-bellied toads Bombina sp., and newts
(Cech & Cech, 2015; Novei¢ & Simonovié, 2018), although such
instances are apparently rare (Fry & Fry, 2010; Cech & Cech,
2015). When diving for prey, kingfishers usually reach depths of
less than 25 cm, and on removal from water the prey is beaten
head first on a hard surface until subdued, after which they are
swallowed head first (Fry & Fry, 2010).

On 31 October 2022 at 10:44 h, a male Eurasian kingfisher
was videoed by a trailcam (Browning Defender BTC 9-D) feeding
on a smooth newt (Fig. 1) that it had caught in a pond at Cory
Manor, West Putford, Devon. Throughout the next two days
the kingfisher was videoed a number of times catching more
smooth newts at the same location, and feeding upon them
on a wooden jetty where they were subdued (BHS video,
2023). Before the trailcam was set up, the kingfisher had been
observed to capture and consume 11 smooth newts in a single
day, prompting further investigation of this behaviour.

The pond where the newts were caught was 180 cm at the
deepest point, with the kingfisher catching them from a part
of the pond that was approximately 120 cm deep, indicating
that the newts were active within the water column. These
observations provide the first evidence of smooth newts as
more than purely occasional items in the diet of the Eurasian
kingfisher.

Figure 1. Frame taken from video footage (slightly blurred) of a male
Eurasian kingfisher Alcedo atthis feeding on a smooth newt Lissotriton
vulgaris in the grounds of Cory Manor, West Putford, Devon, England
(for more details see BHS video, 2023)

REFERENCES

Beebee, T.J.C. & Griffiths, R.A. (2000). Amphibians and Reptiles.
London, HarperCollins. 270 pp.

BHS video (2023). A Eurasian kingfisher Alcedo atthis feeding
on a smooth newt Lissotriton vulgaris. Recorded by Nigel
Davies. https://youtu.be/a4j_j3G5LJs.

Cech, M. & Cech, P. (2015). Non-fish prey in the diet of an
exclusive fish-eater: the Common Kingfisher Alcedo atthis.
Bird Study 62: 457-465.

Fry, C.H. & Fry, K. (2010). Kingfishers, bee-eaters and rollers.
A&C Black.

Novci¢, 1. & Simonovié, P. (2018). Variation in the diet of the
Common Kingfisher Alcedo atthis along a stream habitat.
Ornithological Science 17: 79-85.

Raven, P. (1986). The size of minnow prey in the diet of young
kingfishers Alcedo atthis. Bird Study 33: 6-11.

Reynolds, S.J. & Hinge, M.D.C. (1996). Foods brought to the
nest by breeding Kingfishers Alcedo atthis in the New
Forest of southern England. Bird Study 43: 96-102.

Speybroeck, J., Beukema, W., Bok, B. & Van Der Voort, J. (2016).
Field Guide to the Amphibians and Reptiles of Britain and
Europe. London, Bloomsbury Publishing. 432 pp.

Accepted: 9 December 2022

Herpetological Bulletin 164 (2023) 43


https://youtu.be/a4j_j3G5LJs
https://youtu.be/a4j_j3G5LJs
https://youtu.be/a4j_j3G5LJs

https://doi.org/10.33256/hb164.4445

African Spurred Tortoise Centrochelys sulcata: Range extension to
Algeria

BELKACEM AIMEN BOULAOUAD®?, BADIS BAKHOUCHE"?, BENHAFID FRIEL® & DANIEL ESCORIZA*

Laboratory of Biological Oceanography and the Marine Environment (LOBEM), Faculty of Biological Sciences, University of
Science and Technology of Houari Boumediene (USTHB), BP 32, El Alia, Bab Ezzouar, 16111 Algiers, Algeria
2Université Mohamed El Bachir El Ibrahimi de Bordj Bou Arréridj, EI-Anasser, 34030 Bordj Bou Arréridj, Algeria
3Laboratory of Eco-Biology Animals (L.E.B.A.), Ecole Normale Supérieure de Kouba Bachir El Ibrahimi, BP 92, 6050 Algiers, Algeria
4GRECO, University of Girona, 17001 Girona, Spain

* . . . . .
Corresponding author e-mail: drdanielescoriza@gmail.com

he African spurred tortoise Centrochelys sulcata (Miller,

1779) is the largest extant continental tortoise and
the largest tortoise in Africa (Petrozzi et al., 2021). This
species extends throughout the Sahel, between Mauritania
(where it reaches the Atlantic coast) to the coast of Eritrea
(Red Sea) and in Yemen and Saudi Arabia, where it may
now be extirpated (Petrozzi et al., 2021) (Fig. 1). In recent
assessments its presence in Algeria has been considered
Uncertain (IUCN Red List; Petrozzi et al., 2021) even though
there are geographically close records from northern Mali
and Niger (Petrozzi et al., 2020).

In October 2022 a female of this species (Fig. 2) was
found by BAB & BB in the region of Timiaouine, close to
the border of Mali (20° 2729.59” N, 1° 51°29.35” E). The
only species of tortoise previously reported from Algeria is
the Mediterranean spur-thighed tortoise Testudo graeca, a
small-sized tortoise present along the Mediterranean coast,
Haut Plateaux and pre-Saharan Atlas, but not in the central
Sahara and Sahel (Escoriza et al., 2022). Individuals of both
species show pronounced thigh spurs, but the tortoise
from Timiaouine differs from T. graeca by having sharp and
triangular anal scutes (Fig. 2) (more rectangularin T. graeca),
more sculptured plastron, larger cuspidal scales in forelimbs,

Figure 1. Map of north Africa showing the known range of
Centrochelys sulcata based on IUCN (blue polygon) and the newly
discovered population (red dot)
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Figure 2. Female of the Centrochelys sulcata (dorsal, ventral),
Timiaouine southern Algeria

and yellow claws on the foot (black in Algerian specimens of
T. graeca; Escoriza et al., 2022).

In Timiaouine, C. sulcata was found in an Acacia savannah,
which is the typical habitat for this species throughout the
Sahel (Petrozzi et al., 2020). The south of Algeria has not
been intensely surveyed and range extensions of several
vertebrate species, including reptiles, have recently
been reported from there (e.g. Bendjeddou et al., 2014;
Bakhouche & Escoriza, 2017). The presence of C. sulcata in
regions bordering Mali suggests that these Timiaouine and
Malian populations could be contiguous. Future studies
will allow us to assess the extent of the range of C. sulcata
in southern Algeria and the genetic affinities of this newly
discovered population.
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We present here the first documented case of albinism
in Salamandrina terdigitata. This is a tiny terrestrial
salamander (maximum total length: females 88 mm; males
75 mm) endemic to southern Italy, where it occurs from
Campania to Calabria (Angelini et al., 2007; Di Nicola et al.,
2019).

The specimen (collection number MSNC 116) was
identified in the herpetological collection of the Museo
di Storia Naturale e Orto Botanico dell’Universita della
Calabria (Rende, Cosenza, southern lItaly). It was an adult
male (Fig. 1 A & B) 61 mm long (head-body length: 26 mm,
tail length: 35 mm), weighing 3 g. Intergumentary pigment
was completely lacking on the back, head, belly, limbs and
tail (Fig. 1B). It was collected on 24 April 1992 in the Vallone
del Gardo (municipality of Pietrapaola, Province of Cosenza,
Calabria, southern Italy; 39° 29°17” N, 16° 48’20” E) during
an entomological survey (Mazzei et al., 2006).

The genus Salamandrina is endemic to Peninsular Italy
and includes two species: Salamandrina perspicillata and
S. terdigitata. In the case of S. perspicillata there have
been reports of individuals with partially depigmented
backs (Lanza & Canestrelli, 2002; Crucitti et al., 2016)
and partial leucism (Ramorino, 1863; Lanza, 1946). In
the case of S. terdigitata, Angelini et al. (2007) reported
a personal communication (without year and month) by
S. Tripepi concerning an observation in the field (Pollino
Mount, southern Italy) of an albino (leucistic?) individual S.
terdigitata but gave no other relevant details. Thus to our
knowledge the case we report here is the first documented
record of complete albinism for both Salamandrina
terdigitata and the genus Salamandrina.
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egional guides to herpetofauna are often labours of love

by highly dedicated fieldworkers, who spend much of their
lifetimes surveying wetlands, woodlands, mountains and
moorlands in pursuit of the greater cause. Such publications
can take many forms, ranging from a few distribution maps
for a given state or county, to more comprehensive natural
histories. Given that they often reflect the life’s work of an
individual (or a small group of individuals) regional accounts
are frequently a snapshotin time. Consequently, itis unusual
for regional surveys to be continued on a timeframe that
spans decades, and therefore comprehensively document
the changes that have occurred in the interim. This lavishly
produced volume does all of this, and much more.

In 1993, Michael Klemens authored ‘Amphibians and
Reptiles of Connecticut and Adjacent Regions’. In over 300
pages of lucid natural history based on his PhD research as
one of the very first herpetology students at the University
of Kent, the author described the results of some 17
years of painstaking fieldwork on all of the amphibian and
reptile species that occur in this region (Klemens, 1993). In
this entirely new volume — and with the assistance of his

mental Protection

co-authors — Dr Klemens provides an equally comprehensive
update about the status and distribution of herpetofauna in
Connecticut some thirty years after his original surveys.

An introductory chapter sets the scene and provides some
background to Connecticut and its herpetological fauna. At
5543 square miles Connecticut is the third smallest state in
the USA, but comprises a remarkable diversity of habitats
and species. Indeed, the Introduction to the book lists 12
salamanders, 11 frogs, 8 (non-marine) turtles, 1 lizard and
14 snakes. In addition to these, there are two non-native
turtles and the introduced Italian wall lizard Podarcis
siculus. A concise table neatly summarises how conservation
challenges have changed between 1993 and 2021. As in
the United Kingdom and elsewhere, inconsistency in the
scope, intensity and standardisation of surveys by consultant
biologists has remained largely unchanged over recent
decades. The authors cogently point out the limitations of
reaching conclusions from mapped data. Point locations
are not indicative of viable populations, an issue neatly
illustrated by records of bog turtles. Many records of bog
turtles were of individuals crossing roads while vacating sites
that were no longer suitable, so sightings have increased
while populations have declined.

Chapter 1 goes on to describe the biogeography of the
State and the landscapes and habitats that these species
occupy. Interestingly, power-line rights-of-way in rural
areas can provide important areas for some species and
can be managed sensitively, including the incorporation of
wetlands. The implications of life history for conservation are
introduced here, as are the principles of the ‘conservation
guilds’ that underpin the conservation strategies that emerge
later on in the book.

Chapter 2 moves on to discuss anthropogenic stressors.
Connecticut has 65 % of its area comprising wildlife-urban
interfaces, which is the highest of any state in the USA.
Intriguingly, timber rattlesnakes are attracted to areas
of fractured stones that cover gas pipelines. Because the
pipelines are warm, the rattlesnakes have shifted their
hibernation and birthing sites accordingly, but by doing so put
themselves at risk of disturbance. Given ongoing discussions
about how significant railway lines in Britain are as barriers
to amphibians and reptiles, | was also intrigued to read that
— with the possible exception of turtles — most amphibians
and reptiles can traverse railroads in Connecticut. Railroads
also seem to have provided a conduit for the dispersal of
non-native Italian wall lizards. These are just examples of
numerous nuggets of useful information in this chapter,
contained within a lucid narrative with sections on habitat
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fragmentation, climate change, harvesting, disease and
invasive species. Indeed, | would recommend this chapter to
anyone seeking a synthetic and readable account of these
threats to herpetofauna in general.

Some two-thirds of the book (Chapters 3—7) apply the
concept of conservation guilds to classify the habitats, threats
and management to the Connecticut herpetofauna. The
authors point out that traditional conservation management
tends to focus on individual species, threat or habitats. Given
the complex interactions between these factors, a more
cost-effective methodology may be to adopt an assemblage-
based approach where the issues facing a ‘guild’ of species
can be tackled collectively. Research has shown that the
wider, ecological impact of a development may be an order
of magnitude higher than that on the development footprint
alone. Classifying species into one or more of ‘Rare habitat
dependent’, ‘Early successional habitat dependent’ and
‘Habitat mosaic dependent’ or ‘Long-lived/delayed sexual
maturity/low fecundity’ can inform the state-level listings
and status of each species. Each species is assigned in this way
along with an informative map of past and present records
in relation to geographical features. A fascinating interlude
at the end of Chapter 3 is a history of bounty hunting of
rattlesnakes in the state. With habitat fragmentation and
roadkills now taking their toll, the authors predict that just
8-10 % of the state’s timber rattlesnake population may
remain by 2050.

Chapters 4-7 systematically discuss the challenges facing
each of the four conservation guilds that the species have
been assigned to. These embrace ecology, habitat succession
and resilience, and land-use planning. When it comes to
mitigation banking, the authors rightfully point out the
importance of distinguishing between remnant populations
of long-lived species that are effectively the ‘living dead’,
from more viable populations that have a chance of a long-
term future.

Chapter 8 concludes the volume by focusing on local
governance with an assessment of the issues concerning
gaps in federal and state protection. In a densely
populated state such as Connecticut, the key word here is
‘fragmentation’, and the chapter concludes with twelve
strategies to improve land-use decision making. All of these
recommendations (e.g. ‘Avoid check-the-box conservation’,
‘Standardize assessment methods’, ‘Know your resources’),
should resonate with anyone who has tried navigating the
ecological, logistical, financial and political minefield that
is land-use planning. Their relevance therefore goes way
beyond the state boundaries of Connecticut.

It is refreshing — and indeed quite rare — to see long-
term scholarly survey and research translated so effectively
into a volume that is directly related to on-the-ground
conservation. Apart from the maps, the whole book is lavishly
illustrated with superb photographs of the species and the
habitats and some colourful and informative diagrams of
different habitats and landscapes and how they are used.
There is a comprehensive glossary, list of acronyms and
extensive reference list, but where these are incorporated
into the text they do not detract from a readable and incisive
narrative. This book is much more than a regional guide.
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Anyone seeking a general and well-informed introduction
to herpetological conservation that uses Connecticut as a
detailed case study would benefit from reading it.

All proceeds from the sale of the book go toward the
conservation of reptiles and amphibians. This publication
is available for purchase via the Connecticut Department of
Energy and Environmental Protection’s online bookstore:
https://www.ctdeepstore.com/Wildlife_c24.htm. At $54.95,
this is a quality publication at a very competitive price.
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