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New perspectives on Iberian vipers monitoring: camera
trapping on Vipera aspis and V. latastei populations,
methodological insights and behavioural records
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Camera trapping (CT) is a widely used tool for wildlife monitoring, yet its application to small
vertebrates remains limited despite its potential for detecting secretive species such as vipers.
Within the Iberian Vipers Population Monitoring Network, we tested CT as a complementary
method to capture-recapture surveys. We conducted CT surveys in two Iberian viper populations:
one of Vipera aspis in La Rioja (northern Spain) during autumn 2024 and spring 2025, and one of V.
latastei in Teruel (eastern Spain) during spring—autumn 2025. Cameras were deployed targeting
microhabitats used by vipers and were set to record 30-second videos. To facilitate individual
recognition in the V. latastei population, zoom lenses were installed on the cameras from June on-
wards. Despite the large volume of data, viper presence was recorded in only 14% for V. aspis and
1% for V. latastei. Video data indicated frequent camera activation by wind-induced vegetation
movement in both populations and high small mammal activity in the V. latastei population. Nota-
bly, we documented behaviours rarely reported in Iberian vipers, including male-male combat (in
both populations), as well as pre-mating behaviour and caudal luring (in the V. aspis population).
Zoom lenses enabled photo-identification of two individuals in the V. latastei population. Overall,
although the CT setup requires further optimisation to improve detection rates and image quality,
our pilot study supports its usefulness for obtaining information on viper activity and behaviour,
and highlights the value of simple technical adjustments, such as the use of zoom lenses, to en-
hance data quality and complement capture-recapture surveys.

Key words: animal photo-identification; caudal luring; male-male combat; reptile camera trapping;
viper behaviour; Viperidae.

Camera trapping (CT) is a useful tool to unveil activity patterns (PeraLr et al.,
for monitoring wildlife. Besides its wide- 2022), estimate population parameters
spread use in species inventories (ToBLEr  (Iijima, 2020; SANTINI et al., 2022) and doc-
et al., 2008), CT has been consistently used = ument behaviour (PaLEncia et al., 2021),
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particularly in medium and large-sized
vertebrates (Burton et al., 2015). Although
the capacity of CT to detect small organ-
isms has been rapidly developing (e.g.
small animals in general, HoBBs & BREHME,
2017; Dunpas et al.,, 2019; particularly in-
sects, Naov1 et al., 2022; and small mam-
mals, OsTERBERG, 1962; GRACANIN ef al.,
2022; MEeexk & Cook, 2022; PORTER &
Dueser, 2024), its application to reptile
monitoring remains challenging
(WELBOURNE et al., 2015, 2017; Dunpas et
al., 2019).

Reptiles have an ectothermic physiolo-
gy, meaning that their body temperature
depends conditions
(SEEBACHER & Frankuin, 2005). Besides
their often small body size, they are rather
slow-movement creatures that rely on
camouflage to blend into their surround-
ings (Stuart-Fox et al., 2004; BaNFI et al.,
2023). From an automated-survey method-
ological perspective, these characteristics
not only reduce the probability of detect-
ing individuals but also limit the ecologi-
cal information that can be obtained from
them (WELBOURNE et al., 2017). Specific CT
setups have been developed to overcome

on environmental

these issues, and such surveys can be more
efficient and less invasive than other meth-
odologies, such as pitfall traps, for several
small vertebrates, including snakes
(Dunpas et al., 2019; Samugts et al., 2025).
For instance, for elongated and highly se-
cretive reptiles such as snakes, which are
particularly challenging for CT surveys,
artificial barriers such as drift fences are
commonly used to guide individuals to-
wards CT setups and thus increase detec-
tion (HosBs & BreaMmE, 2017; NEUHARTH et
al., 2020; AMBER et al., 2021; WALKuP et al.,

2023). Setting up drift fences, however, is
time-consuming and laborious and may
also influence animal behaviour, potential-
ly biasing detectability (Apawms et al., 2017;
AMBER et al., 2021; BoyNTON et al., 2021).
Depending on the aim of the study, this
approach may be substituted by placing
CT in specific habitats and/or features fre-
quently used by snakes, such as burrows
and rock outcrops (e.g. Cove et al., 2023;
JesPER et al., 2023).

European vipers (Family Viperidae,
genus Vipera) are a monophyletic group of
medium-sized venomous snakes, widely
distributed across the Mediterranean Basin
(PueLps, 2010; Durresnes ef al., 2024). In
the Iberian Peninsula, three viper species
occur, each with distinct ecological affini-
ties and  parapatric  distributions
(CuamoRrro et al., 2021; LuccHint et al.,
2023): one Euro-Siberian species, Vipera
seoanei (Lataste, 1879), distributed in the
north; one para-Mediterranean, V. aspis
(Linnaeus, 1758), distributed in the north-
east; and one Mediterranean, V. latastei
(Bosca, 1878), distributed throughout most
of Iberia except the northern regions.
While the Euro-Siberian V. seoanei is con-
sidered near threatened on the IUCN Red
List (LuccHINI et al., 2024), V. aspis and V.
latastei are listed as vulnerable due to sig-
nificant population declines associated
with human activities (MARTINEZ-FREIRIA
et al., 2024; UrSeNBACHER et al., 2024).
Knowledge of life-history, demographic
and ecological traits of these populations
could support conservation management,
but such information remains limited to a
few populations (in the case of V. aspis and
V. latastei) or is practically non-existent (in
the case of V. seoanei). To obtain such
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knowledge and assess temporal trends in
population effectives, a citizen science
population monitoring program based on
capture-mark-recapture (CMR) surveys,
the “Iberian Vipers Population Monitoring
Network”, was launched in spring 2024.
Within the framework of this program, we
are testing alternative tools such as CT to
complement the information acquired dur-
ing CMR surveys.

In this study, we report the results of
two CT surveys conducted in two Iberian
viper populations: V. aspis and V. latastei.
By placing cameras near features used by
vipers, we aimed to obtain data on viper
activity and behaviour and to test whether
individuals could be identified based on
their colouration patterns (Moore et al.,
2020). Given the limited number of studies
applying CT to monitor European vipers,

P - % 7 =

we expect that our results will provide
valuable methodological insights for fu-
ture surveys.

MATERIALS AND METHODS

Vipera aspis population

To monitor the population of V. aspis,
CTs were deployed in an abandoned plot
surrounded by intensive agricultural land
near Santo Domingo de la Calzada, La Ri-
oja (North-Central Spain). In autumn 2024
and spring 2025, five and three passive
infrared (PIR) cameras (Victure HC100
and HC300) were installed, respectively.
Cameras were set at approximately 0.8 m
above the ground and at focal distances of
less than 1.5 m from bushes and rock out-
crops where vipers are known to emerge
(Fig. 1a). In this population, cameras were
deployed with relatively long focal dis-
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Figure 1: Camera field setups used in the camera-trap (CT) survey. (al-3) Setups used in the Vipera
aspis population, with flexible orientations and longer focal distances (inset: camera installation). In
the V. latastei population, cameras were deployed at shorter focal distances using two orientations:
(b) two with zenithal view, and (c) four with lateral view (inset: lateral setup).
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tances and flexible orientations to maxim-
ise the field of view and increase the area
monitored for detecting viper activity. All
cameras were programmed to record 30-
second videos, testing two PIR sensitivity
settings (medium and high), with the trig-
ger interval set to the minimum value (5
seconds).

Vipera latastei population

To monitor the population of V. latastei,
a CT survey was conducted on a hill domi-
nated by sparse juniper shrubland
(Juniperus spp.) in the north-western part
of Teruel province (East-Central Spain). In
2025, six PIR cameras were deployed: one
in April and five in June (BG-256, n = 1;
TrailCam A280, n = 1; and Wolfang WT01,
n = 4). The sampling period extended from
mid-April to early December. Cameras
were installed close to the ground (up to
0.5 m above ground) at locations frequent-
ly used by vipers, such as stone walls and
rock outcrops, at a focal distance of 0.5-1.0
m from the target microhabitats (Fig. 1b,c).
Camera placement was designed to max-
imise detection probability while minimis-
ing false triggers caused by vegetation
movement or wind. All cameras were pro-
grammed to record 30-second videos at
maximum image quality, with medium
PIR sensitivity, using the shortest available
trigger interval (1-5 seconds, depending
on the model). From 7 June 2025 onwards,
zoom lenses were fitted to all cameras to
reduce focal distance and improve image
resolution (MEeek & Cook, 2022; Fig. S1). In
addition, two camera orientations were
tested: zenithal (Fig. 1b) and lateral views
(Fig. 1c).

REesuLTs

Vipera aspis — La Rioja

In the V. aspis population, a total of
2560 videos were obtained over 25 days of
camera monitoring in autumn 2024 and 32
days in spring 2025, corresponding to a
total sampling effort of 221 camera-days.
Animal activity was detected in 387 videos
(15% of all recordings). Vipers were de-
tected on two of the five cameras deployed
in autumn 2024 and on one of the three
cameras deployed in spring 2025. Viper
activity was recorded during September—
October 2024 and April 2025.

Detailed inspection of the video data
indicated that most camera activations
(approximately 80%) were caused by wind
-induced vegetation movement rather than
animal activity. All reptile recordings cor-
responded to vipers (14%), while the pres-
ence of other taxonomic groups was resid-
ual (1% in total): six videos of small mam-
mals (Apodemus sylvaticus and Mus spre-
tus), five of medium-sized mammals (Felis
catus) and twelve of passerine birds, in-
cluding Turdus merula, Cyanistes caeruleus,
Passer hispanolensis and Emberiza sp. The
remaining videos corresponded to camera
maintenance activities.

Despite the low detection rate, several
rarely documented behaviours of Iberian
vipers were recorded, including male—
male combat (twice, in late September and
early October 2024; Fig. 2), pre-mating be-
haviour (once in April 2025; Fig. 3) and
caudal luring (once in April 2025).

Video recordings generally had insuffi-
cient image resolution to allow individual
recognition, as image quality and focal
distance were not adequate for detailed
pattern comparison. These videos are
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Figure 2: Video frames showing male-male
combat in Vipera aspis.

available at:
zenodo.18602891.

https://doi.org/10.5281/

Vipera latastei — Teruel

Across the V. latastei study area, six CTs
recorded approximately 3250 videos over
233 days of monitoring between April and
November 2025. The total effective sam-
pling effort amounted to 781 camera-days,
accounting for differences in deployment
duration among cameras. Of all recorded
videos, 1837 (57%) captured animal activi-
ty. Viper presence was detected by only
two of the six cameras and exclusively
during April (three days), October (four
days), and November (two days). Regard-
ing videos containing other animal activi-
ty, CT recorded: 156 videos of reptiles
(5%), including V. latastei (31 videos, 1%),
as well as Zamenis scalaris, Natrix maura,
Timon lepidus, Psammodromus algirus and
Chalcides bedriagai; 1135 videos of small
mammals (35%), such as A. sylvaticus, M.

Figure 3: Video frames illustrating pre-mating
in Vipera aspis.

spretus, Microtus sp., Eliomys quercinus and
Crocidura russula; 79 videos of medium-
sized mammals (2%), including Vulpes vul-
pes, Martes foina, Mustela nivalis, Lepus
granatensis, Oryctolagus cuniculus and Cap-
reolus capreolus; 328 videos of passerine
birds (10%), such as Lanius meridionalis,
Petronia petronia, Phoenicurus ochruros, Qe-
nanthe oenanthe, O. hispanica, Linaria canna-
bina, Sylvia undata, S. conspicillata, T. meru-
la, T. philomelos and several species of the
Alaudidae family; and 139 videos of ar-
thropods (4%), including species from or-
ders such as Hymenoptera, Lepidoptera,
Coleoptera, Orthoptera and Araneae. A
substantial proportion of recordings (40%)
were empty, primarily due to wind-
induced vegetation movement, while the
remaining videos corresponded to camera
maintenance and other human activities,
including transect surveys. Representative
examples of non-target species recorded
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are shown in Figure S2. Camera activation
was mainly driven by small mammal ac-
tivity, indicating an abundant small mam-

mal community, with species belonging to i/

at least four families (Muridae, Cricetidae,

Soricidae, and Gliridae; Fig. S2).

Recorded videos documented typical
viper behaviours, including basking and
movements in and out of refuges. Addi-
tionally, a male-male combat was record-
ed in mid-November at a relatively low
ambient temperature (12 °C in the shade;
Fig. 4).

. Dok
As zoom lenses were installed from

June onwards, only autumn recordings
provided sufficient image resolution and
quality to allow individual identification
of vipers (Fig. S1). During this period, vi-
pers were recorded on only two cameras.
Photo-identification based on dorsal

pattern comparison with CMR surveys

allowed confident identification in two /% %

videos from one camera (Fig. 5). Identifica-

tion was not possible in other recordings )

due to absence of matching individuals in
the CMR photographic catalogue, continu-
ous movement during male-male combat
(Fig. 4), incomplete visibility of diagnostic
dorsal patterns, or suboptimal recording
conditions (e.g. excessive illumination,
very short focal distance, or motion blur).
The video documenting male-male com-
bat in V. latastei can be viewed at: https://
doi.org/10.5281/zenodo.18602891.

DiscussioN

Our findings provide new insights into
the applicability of CT for monitoring rep-
tiles, particularly viper populations, high-
lighting its value as a complementary
method for long-term snake monitoring
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Figure 4: Sequence of video frames showing
male-male combat in Vipera latastei recorded by
a camera with a lateral view (see Fig. 1c).

programs. Although viper detections were
infrequent, as expected for cryptic ecto-
thermic species (NEuHARTH et al., 2020;
Warkur et al, 2023), CT yielded infor-
mation on activity, behaviour and commu-
nity context that is difficult to obtain
through conventional transect surveys
alone. In particular, continuous use of CT
increased temporal and spatial coverage,
allowing detection of activity outside sur-
veyed hours and across extended seasonal
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windows.

Despite vipers representing a minor
proportion of total videos, detection rates
were comparatively elevated relative to
those reported in other CT studies target-
ing snakes (0.004-0.16% of total record-
ings; Dunpas et al., 2019; NEUHARTH et al.,
2020; RyBerG et al., 2021, WaLkupr et al.,
2023; FIeLDER et al., 2024). This pattern is
likely explained by the targeted placement
of cameras in microhabitats frequently
used by vipers, which increases encounter
probability without the need for logistical-
ly demanding approaches such as drift
fences (HoBBs & BreumE, 2017; AMBER et al.,
2021; Warkup et al., 2023). However, such
targeted deployment implies that detec-
tions are spatially constrained and should
be interpreted as representative of activity

Figure 5: Video frames from
J independent recordings of Vi-
il pera latastei illustrating the po-
4 tential for individual recognition
| based on dorsal pattern charac-
teristics. Frame (a) shows two
vipers (centre-lower and left
portions of the image), with in-
sets (right) showing enlarged
8 views of the dorsal pattern al-
lowing individual recognition of
the viper appearing on the left;

at specific microhabitats rather than as in-
dicators of population density or broader-
scale distribution. Within this framework,
microhabitat-focused CT provides addi-
tional behavioural and temporal infor-
mation at relatively low field effort.
Camera activation in our surveys was
largely driven by wind-induced vegetation
movement, resulting in a high proportion
of empty recordings. This pattern is con-
sistent with previous studies targeting
snakes and other reptiles, where false trig-
gers are an inherent consequence of the
high-to-medium sensitivity required to
detect small-bodied and ectothermic ani-
mals using PIR sensors (Dunpbas et al.,
2019; WELBOURNE et al., 2019). Reducing
PIR sensitivity under field conditions
would likely increase the risk of missing
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viper detections altogether, given their
limited thermal contrast with the environ-
ment (WELBOURNE, 2013; AmBER et al,
2021). Installing cameras close to the
ground and minimising surrounding veg-
etation may help reduce wind-related acti-
vations, particularly in open habitats such
as stone walls, where zenithal orientations
can further limit false triggers compared to
lateral views. However, this configuration
also reduces the field of view and may
constrain the range of detectable behav-
iours. Alternative approaches, such as
time-lapse configurations, can improve
snake detection by operating independent-
ly of thermal or motion triggers (RYBERG et
al., 2021; McCampBeLL et al., 2024), but at
the cost of substantially increased data
volumes and  logistical  demands
(NEUHARTH et al., 2020). Thus, the high pro-
portion of empty videos observed here
reflects a known trade-off of PIR-based
monitoring rather than a methodological
failure, underscoring the need to align
camera configuration with specific study
objectives (BurTon et al., 2015).

Camera placement, orientation and
optical configuration also strongly influ-
enced the type and resolution of infor-
mation obtained, particularly with respect
to individual identification. In the V. aspis
population, cameras were deployed pri-
marily to document activity patterns and
infrequent complementing
transect surveys; under this objective, flex-
ible orientations and longer focal distances
were sufficient but resulted
resolution recordings that precluded relia-
ble photo-identification. In contrast, in the
V. latastei population, cameras were delib-
erately placed at close range within fre-

behaviours

in low-

quently used microhabitats (SamuELs et al.,
2025), with the additional objective of ena-
bling individual recognition. Short-range,
downward-oriented views became partic-
ularly relevant, as they enhanced the cap-
ture of dorsal patterning and reduced de-
tection biases associated with body size in
ectothermic vertebrates (FIELDER et al.,
2024). The incorporation of zoom lenses, or
camera models with shorter focal distance,
substantially improved image sharpness
(Fig. S1) and allowed dorsal colouration
patterns to be resolved in a subset of re-
cordings, enabling individual identifica-
tion (MEEx & Cook, 2022). Although photo-
identification was not consistently achiev-
able, these results demonstrate that appro-
priately configured cameras can provide
individual information,
effectively complementing capture-mark-

non-invasive

recapture data from foot transects and en-
hancing demographic inference without
increasing handling effort or disturbance.
Beyond detection metrics, CT provided
access to behavioural information that is
rarely documented through direct obser-
vation or standard transect surveys. In
both study populations, we recorded male
—-male combat (two events in V. aspis and
one in V. latastei), a behaviour infrequently
observed in the field due to its short dura-
tion, low predictability and seasonal re-
striction (MapseN et al., 1993; Aronso-
Aronso et al., 2021). In the V. aspis popula-
tion, cameras additionally documented
pre-mating interactions in spring, support-
ing previous evidence of bimodal repro-
ductive cycles in Iberian vipers, with mat-
ing occurring in either spring or autumn
(MARrTINEZ-FREIRIA et al., 2010; MARTINEZ-
Freria, 2014); this pattern is further sup-
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ported by foot transect surveys in the V.
latastei population, where mating behav-
iour has been observed in both seasons
(PLEGUuEzUELOS et al., 2007; MARTINEZ-
FreIria et al., 2010, 2014), highlighting the
complementarity between automated and
direct observation methods. Furthermore,
CT recorded caudal luring behaviour in
one V. aspis individual; this predatory tac-
tic, rarely observed in European vipers,
involves movement of the distal portion of
the tail, usually conspicuously coloured, to
attract prey (see PARELLADA & SANTOS,
2002). Together, these observations high-
light the potential of CT to document low-
frequency behaviours that are difficult to
capture through conventional field meth-
ods, reinforcing its value as a complemen-
tary tool for advancing behavioural and
ecological knowledge of secretive snake
species.

Finally, the frequent detection of other
vertebrate groups, such as small mammals
that could be consumed by vipers or other
snake species that could act as competi-
tors, provides additional ecological context
by allowing a qualitative characterisation
of the local vertebrate community. This
ancillary information further reinforces the
value of CT as a multifaceted tool that ex-
tends beyond simple presence-absence
data and contributes to a more integrated
understanding of viper ecology.

Conclusion and recommendations

Our study reinforces the usefulness of
CT for acquiring information on viper ac-
tivity and behaviour, suggesting this tool
as an important complement of field sur-
veys. Although CT should not replace
standard survey methods, its continuous
operation extends temporal and spatial

coverage and provides additional ecologi-
cal information relevant to long-term mon-
itoring programs.

Our results indicate that the perfor-
mance of CT is strongly influenced by de-
ployment strategy and camera configura-
tion. In both study areas, cameras were
targeted to places and microhabitats fre-
quently used by vipers. Traditional setups,
such as those used in the V. aspis popula-
tion, were mainly effective for recording
activity and occasional behavioural events
but had limited capacity for individual
identification. In contrast, short-range con-
figurations, as applied in the V. latastei
population, improved individual visuali-
sation and allowed occasional individual
recognition, providing information that
complements CMR data from transect sur-
veys.

Based on our findings, we recommend
that camera orientation, focal distance and
optical configuration should be selected
according to specific study objectives. Zen-
ithal, close-range setups may be more suit-
able when individual-level information is
sought, whereas lateral orientations can be
adequate for documenting activity and
behaviour. Combining different CTs de-
ployments may therefore provide a more
effective solution. Nevertheless, careful
considerations of methodological limita-
tions and spatial constraints remain essen-
tial to maximise the effectiveness of this
approach. Overall, integrating CT with
established field methods provides a flexi-
ble and non-invasive approach for im-
proving the monitoring and ecological
understanding of secretive species such as
vipers.
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