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Abstract—Photo-identification is widely used for individual recognition in capture-recapture wildlife monitoring;
however, the rapid coloration changes exhibited by some species may mask their distinct body patterns and lead to
misidentifications. This is especially true for many reptiles that may show significant skin darkening or lightening
in response to environmental variations. In this study, we assessed the effect of total dorsal reflectance changes of
threatened European Leaf-toed Geckos (Euleptes europaea) on the performance of Wild-ID and Hotspotter, two
of the most commonly used individual recognition software for wildlife monitoring. We exposed 30 European
Leaf-toed Geckos to two substrate types, natural temperature, and light variations to induce coloration changes
and obtain a wide range of reflectance, using standardized measurements. For each gecko, we tested Wild-ID and
Hotspotter on two photographic databases (n =2 x 280) including minimum and maximum reflectance differences.
In both conditions, Wild-ID and Hotspotter proved to be extremely reliable with a 100% recognition rate. The
analysis of similarity scores further suggested that Hotspotter is less sensitive to reflectance changes than Wild-ID.
Our results provide the first evidence that significant darkening does not impede computer-assisted individual
recognition. We advocate the use of Hotspotter for monitoring populations of European Leaf-toed Geckos. This
study should motivate biologists to evaluate the effectiveness of this individual recognition software on other saurian

species whose body patterns may be concealed by pronounced changes in reflectance.
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INTRODUCTION

Photo-identification is a non-invasive and low-
cost method widely used in capture-recapture
wildlife monitoring (Bengsen et al. 2011; Bagskale
and Kaya 2012; Pace et al. 2017; Schofield et al.
2020). It limits the pain and discomfort caused
by more invasive individual marking techniques
(e.g. toe clipping) to only the stress induced by the
capture and photography of the individual. This
method, however, requires distinctive body patterns
(e.g. spots, stripes, notches) from the studied species
that remain stable over time (Bolger et al. 2012).
Although visual matching of photos is considered
a valid methodology to monitor small populations
during limited time periods, it can become tedious,
time consuming, and prone to misidentifications
when used to monitor large populations over several
years (Morrison et al. 2011; Cruickshank and
Schmidt 2017). To increase efficiency and reliability
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of individual recognition, several pattern recognition
algorithms have been developed and integrated
into photo-identification software. Such software
allows users to automate the matching between two
images of the same individual based on characteristic
body patterns or easily identifiable morphological
features (e.g., scale morphology; Sacchi et al. 2016).
Based on the Scale-Invariant Feature Transform
(SIFT) algorithm, Wild-ID (Bolger et al. 2012) and
Hotspotter (Crall et al. 2013) are two of the most used
open-source individual recognition software for the
study of animal population dynamics.

Body patterns are not always visible in species
showing physiological color changes. This phenom-
enon is induced by the movement (dispersion or ag-
gregation) of pigment granules in the chromatophores
in a fast process that can take only a few seconds
(Bagnara and Hadley 1973). A common example in
reptiles is the movement of melanosomes (organelles
containing melanin pigment) within melanophores,
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FIGURE 1. An adult male European Leaf-toed Geckos (Euleptes
europaea) moving on a Eucalyptus (Eucalyptus sp.) tree on the Ile
du Levant (Var, France). (Photographed by Julien Renet).

which enables them to darken their skin by dispersing
melanosomes to increase heat absorption or lighten
their skin by contracting melanosomes to avoid over-
heating (Langkilde and Boronow 2012; Smith et al.
2016). Such reflectance changes can also occur in re-
sponse to stress (Boyer and Swierk 2017; Lewis et al.
2017) or social interactions (Stuart-Fox and Mous-
salli 2008; Ligon and McGraw 2013; Ligon 2014).
Significant skin darkening may, however, obscure
body patterns, increasing the risk of misidentification
and bias in demographic estimates. No quantitative
studies have been conducted to assess the impact of
color changes on individual algorithmic recognition.

European Leaf-toed Geckos (Euleptes europaea)
are the smallest European geckos (snout-vent length
<5 cm) and are endemic to the western Mediterranean
area (Delaugerre 1997). Melanophores are mainly
responsible for the pigmentation of the species
(Delaugerre 1981). The dorsum, with cream to black
pigmentation, has a constellation of lighter scales
(Fig. 1). A pale dorsal line with light transverse
bands is usually found on the back of individuals.
This species has the particularity of reflectance
changes, from a light to a darker coloration, revealing
or attenuating the dorsal patterns. Despite being
classified as Near Threatened on a global scale
(Corti et al. 2009) and Endangered in the French
region Provence-Alpes-Cote d’Azur (Marchand et
al. 2017), no individual-level population monitoring
has been conducted due to the lack of acceptable
permanent marking techniques. The small size of
the species precludes the use of transponders, while
color markings, which are generally used for short-
term recognition (Salvidio and Delaugerre 2003;
Salvidio and Oneto 2008; Costa et al. 2019; Radi
and Zuffi 2022), are not persistent due to the molting

phenomenon and rubbing in crevices.

We evaluated the reliability of Wild-ID and
Hotspotter on European Leaf-toed Geckos. For
this purpose, we kept 30 captive geckos in the
field, exposing them to two substrate types, natural
temperature, and light conditions, to collect dorsal
photographs at different reflectance levels. We then
estimated error rates of Wild-ID and Hotspotter under
minimum and maximum reflectance differences.
We compared the results for each software between
both conditions and provided recommendations for
the individual monitoring of European Leaf-toed
Geckos.

MATERIALS AND METHODS

Experimental design—To collect dorsal photo-
graphs of the European Leaf-toed Geckos at different
reflectance levels, we captured 30 adults (13 males and
17 females) in May 2021 on the islet of La Tradelicre
in the French Lérins archipelago (43°30°58.686”N,
7°4°21.226”E). We kept the individuals in captivity
for four consecutive nights and days in six 35 x 27 x
30 cm terraria installed outdoors at the capture site,
away from direct sunlight. Each terrarium contained
a group of five individuals (males and females com-
bined). We kept these groups together for the dura-
tion of the experiment. During captivity, we fed the
individuals with invertebrates collected on the islet of
La Tradeliére. We released all individuals in the area
of their capture on the fourth day.

We coated the four walls of the three terraria with
light-colored cement and lined the bottom with mineral
material from the islet La Tradeliére. Using glue,
we covered the four walls of the other three terraria
with topsoil and placed plant material, collected on
La Tradeliére, in the bottom of the boxes. We also
equipped all terraria with two transparent Plexiglas
walls perforated for aeration. This experimental
design allowed us to mimic two micro-habitats used
by European Leaf-toed Geckos: a light-colored rocky
micro-habitat and a dark-colored vegetated micro-
habitat. Throughout the experiment, we exposed each
group of individuals equally to both substrate types
(for more details, see Appendix Text). Because we
placed the terraria outdoors, the groups of individuals
were exposed to the natural day/night cycle (i.e.
under natural light) as well as local temperature
variations. While reflectance change in reptiles is
typically associated with thermoregulation, studies
in controlled conditions suggest that background
matching and light effects are predominant in two
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FIGURE 2. Characteristics of the portable photographic studio (25 x16 x 11 cm) allowing the standardization of shots. (A) Base for the
digital camera. (B) Background of the photographic studio where the individual is held next to the greyscale. The arrows indicate the
holes (9.5 cm diameter) for passing the hands and holding the animal. (C) Digital camera base added for shooting.

gecko species: the Mediterranean House Gecko
(Hemidactylus turcicus; Zaidan and Wiebusch 2007)
and the Moorish Gecko (Tarentola mauritanica;
Vroonen et al. 2012). Exposing European Leaf-Toed
Geckos to variations in temperature, background,
and light maximized the chances of obtaining a wide
range of reflectance in a species for which the factors
influencing coloration changes are poorly understood.

We inscribed a number on the side of the individuals
using a non-toxic edding® brand paint pen (edding
International GmbH, Ahrensburg, Germany) for
individual recognition. ~We assessed reflectance
changes from photographs of the dorsal surface of
individuals. We took dorsal photographs from the
first night (capture of the individuals) to the fourth
and last day (release of the individuals), excluding
the first day to allow the geckos to acclimate in the
terraria. We always photographed lizards during
the same time slot (at 1230 and at 2330). To
capture images of their dorsum, we gently removed
geckos from their terraria and positioned them in a
photographic studio offering standardized conditions
(position of the animal, distance between the digital
camera and the animal, angle of view, luminosity;
Fig. 2, Appendix Table 1). A first handler held the
gecko while a second one took the photograph of
the dorsum. The handling of the individuals did
not exceed 3 min to minimize stress. We took the
photographs in RAW format (dimensions 4,000 x
3,000 pixels) in macro mode using an Olympus®
TG-6 camera equipped with an LG-1 LED ring (OM

Digital Solutions Corporation, Tokyo, Japan).

Reflectance analysis—The dorsal coloration of
E. europaea is mainly determined by melanophores
resulting in achromatic and neutral colors (black,
white, gray). Hence, this study is based on total
reflectance, which refers to the ability of individuals
to lighten (higher reflectance) and darken (lower
reflectance) their coloration, without reference
to chroma. We measured total reflectance from
digital photographs, using the method developed
by Hamilton et al. (2008). The darkness of a body
area is determined by measuring the percentage of
reflected white light, through a comparison of the
coloration pattern with a standard gray scale. Using a
photograph, the reflectance of each pixel is measured,
ranging from 0 (black) to 1 (white) and corresponding
to a reflectance of 0 to 100%. The average reflectance
is then defined as the sum of the reflectance values
of all pixels included in the selection divided by the
number of pixels. Each day and night, excluding
the first day, we determined the average total dorsal
reflectance of each of the 30 tagged geckos. In this
way, we identified the pairs of images exhibiting the
maximum and minimum reflectance differences for
each individual (Appendix Table 2).

We converted all photographs to TIFF format
using XnConvert 1.90.0 (XnSoft Corp., Reims,
France). We measured total reflectance of the dorsum
of geckos in ImageJ 1.53a (Schneider et al. 2012).
We first standardized images to 8-bit greyscale and
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then calibrated them using the standard Tiffen Q-13
greyscale positioned next to each individual, with 20
shades representing grey reflectance values equal to
0.891 (89.1%) down to 0.011 (1.1%) (Fig. 2). We
extracted the average total reflectance of the dorsum
of the lizard by delineating the contours of the back,
from the humerus to the iliosacral joint area. The
reflectance of the terrarium walls, measured from
one rocky micro-habitat and one vegetated micro-
habitat terrarium, corresponded to 0.386 and 0.071,
respectively.

Software for individual recognition.—Wild-ID:
Wild-ID (Bolger et al. 2012) uses the SIFT algorithm
(Lowe 2004) to identify distinctive features in each
greyscale transformed image. It then evaluates pattern
similarities for each pair of images by comparing the
arrangement of SIFT features. A similarity score is
then computed based on how well the features of the
two images fit. Wild-ID provides the observer with
20 candidates, the best being the one with the highest
score (a score of 1 indicating a perfect match). It is
recommended to crop the images on the body area of
interest with another software to eliminate spurious
features in the background. Thus, for the use of
Wild-ID, we cropped dorsal photographs of geckos
using XnView 2.49.3 software (XnSoft Corp., Reims,
France).

Hotspotter: Hotspotter (Crall et al. 2013) uses
two algorithms. First, a one-versus-one algorithm,
comparable to SIFT, extracts SIFT features based on
RootSIFT (Arandjelovi¢ and Zisserman 2012) and
the Hessian-Hessian operator (Perd’och et al. 2009).
Second, a one-versus-many algorithm employs
LNBNN methods to identify images with similar
groupings of features. While the one-versus-one
matching algorithm compares the query image against
each database image sequentially, the one-versus-
many matching algorithm compares each descriptor
from the query image against all descriptors from
the image database. Based on the results of both
algorithms, Hotspotter assigns a similarity score to
each match. By default, it proposes five candidates
(which can be adjusted by the user), the best
candidate having the highest score. Unlike Wild-ID,
Hotspotter includes a tool for cropping the images to
the region of interest, called chips. For both Wild-ID
and Hospotter, the user is presented with suggested
candidates and must visually compare them to the
subject individual, deciding whether or not there is a
match.

Wild-ID and Hotspotter evaluation procedure—
To assess the effect of reflectance changes on
the performance of Wild-ID and Hotspotter, we
conducted the analyses using dorsum photographs
with maximum and minimum individual reflectance
differences. Thus, we created two photographic
databases for each of the 30 individuals identified by
photograph number and paired for both reflectance
levels (i.e., minimum and maximum; Appendix
Figure). We standardized all the photographs
collected for this study under the same conditions
(Fig. 2, Appendix Table 1), despite the diversity of
localities. Because Wild-ID and Hotspotter do not
support RAW and TIFF image formats, we converted
all images selected for photo-identification analyses
to JPEG using XnConvert 1.90.0 (XnSoft Corp.,
Reims, France).

The first database aimed to assess the ability
of the software to recognize the individual when
the reflectance difference was at a minimum. This
database consisted of 249 photographs of individual
E. europaea collected by our team prior to this
study in various localities (Riou, Frioul, and Lerins
archipelagos) and therefore distinct from the 30
geckos studied. First, we included a photograph of
each of the 30 individuals studied showing minimum
reflectance differences representing a photographic
base of 279 different individuals. We then added one
by one the second photograph corresponding to the
image pair of the individuals studied and launched
a recognition analysis for each new inclusion.
After obtaining the result (i.e., ranks and similarity
scores) the photograph of the individual studied was
replaced by the photograph of a new individual so
as to maintain a numerically stable database for each
individual (i.e., one image vs. 279) for both software
packages (Appendix Figure).

We created the second database to assess the ability
of the software to recognize each of the 30 individuals
studied when the reflectance difference was at a
maximum. This compilation also incorporates
the same 249 photographs collected from various
locations before this study. The process followed
an identical protocol, although under conditions of
maximum reflectance difference (Appendix Figure).
The comparison analysis was carried out 120 times
(i.e., 60 times for each software tested).

We quantified the error rates by calculating the
False Rejection Rate (FRR) for the top-ranking
candidate. The FRR corresponds to the probability
that a recapture event is falsely identified as a
new capture (i.e., the software fails to match two
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difference (P < 0.001). Black diamonds represent the means of the similarity scores.

between the two potential matches.

photographs of the same individual; Jain 2007;
Morrison et al. 2011; Bolger et al. 2012; Bendik et
al. 2013; Dunbar et al. 2014). FRR is calculated
as the ratio between the number of false rejections
and the total number of identification attempts, and
thus ranges from 0 (100% success in matching two
different images) to 1 (0% success).

Because data failed to approximate normal
distribution, we used a non-parametric Wilcoxon-
Mann-Whitney test to evaluate the differences
between the similarity scores obtained by the same
software in conditions of maximum and minimum
reflectance differences. The comparison of the
similarity scores between Wild-ID and Hotspotter
could not be performed because each software has a
specific method of calculating the scores (Appendix
Figure). We performed analyses using R software,
v.4.1.0 (R Development Core Team 2021) and we
generated plots with the ggplot2 package (Wickham
2016).

RESuLTS

The total dorsal reflectance of the 30 European
Leaf-toed Geckos varied from a minimum of 0.088
and maximum of 0.310 (median = 0.190). The mean
reflectance was 0.189 + 0.047 (standard deviation).
For Wild-ID and Hotspotter, the top ranked candidate
was always the true matching image for both minimum
and maximum reflectance differences (FRR = 0).
Thus, both software packages correctly recognized
the image pairs for each individual. For Wild-ID, the
scores obtained for maximum reflectance differences

The higher the score, the greater the similarity

(mean = 0.143 + 0.090) were significantly lower
than minimum reflectance differences (mean = 0.333
+ 0.182; W =165, P < 0.001; Fig. 3). Conversely,
for Hotspotter, the similarity scores obtained for
maximum reflectance differences (mean = 364.9 +
170.1) were not significantly different from the scores
obtained for minimum reflectance differences (mean
=506.9 +297.6; W=321.5, P=0.057; Fig. 3).

DiscussION

Consequences of reflectance changes on
algorithmic performance—Our study is the first to
investigate the use of photographic identification for
individuals subject to physiological color change,
specifically focusing on the ability of the European
Leaf-toed Gecko to darken and lighten their skin.
With a 100% success rate (FRR =0) in the top-ranking
candidate match for both minimum and maximum
reflectance differences, Wild-ID and Hotspotter
proved to be extremely reliable in recognizing
individual European Leaf-toed Geckos. Despite the
large reflectance differences, both software programs
were highly successful in identifying SIFT features
and matching them (Fig. 4). By performing a
series of image transformations including greyscale
conversion, contrast, and brightness adjustment
(Lowe 2004), SIFT algorithm allows the dorsal
patterns (i.e. pale dorsal line and transverse bands) to
reappear. Thus, the SIFT algorithm seems to identify
the contours of the patterns by selecting the darkest
scales, contrasting with the light dorsal patterns.
Other studies have shown that SIFT algorithm relies
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FiGURE 4. The SIFT features extracted by Wild-ID (white points) and Hotspotter (blue points) for European Leaf-toed Geckos (Euleptes
europaea) that are similar for the image pair of individual 13 in minimum and maximum reflectance difference condition. The reflectance
(r) is specified for the investigated individual (top) and the suggested candidate by the software (bottom). The red lines connect the SIFT
features identified by Wild-ID and the green points correspond to the location where the SIFT features of the suggested candidate should
be after affine transformation of the investigated individual. Note that Wild-ID does not provide a visual of the greyscale images.

on the most contrasting patterns of the photograph
(i.e., with large reflectance differences) that can be
easily localized (e.g., giraffe spot contours, zebra
stripe contours; Bolger et al. 2012; Crall et al. 2013).
The contrasting patterns between dark (lighter
insertions) and light (darker insertions) scales may
facilitate recognition of individuals by the algorithm,
potentially explaining this very high recognition rate
of both software types on the species.

Because scale shapes and combinations are
individual-specific and generally stable over time
for adults, many researchers have already relied on
these features for individual identification in reptiles
(Steinicke et al. 2000; Perera and Pérez-Mellado
2004; Sacchi et al. 2010; Rotger et al. 2019; Hoefer
et al. 2021). When photo-identification software
is used, however, it often requires a pre-processing
step by manually defining scale edges and vertexes
(Sacchi et al. 2016). The application of automated
photo-identification software incorporating the
SIFT algorithm in reptiles has received limited
exploration, with most studies focusing on turtle
species (Cross et al. 2014; Long and Azmi 2017;
Suriyamongkol and Mali 2018; Dunbar et al. 2021;
Tabuki et al. 2021). Interestingly, for studies based
on turtle face identification, SIFT appears to rely on
the scale contours (Dunbar et al. 2021). Sacchi et
al. (2016) warned that the application of individual
photo-identification could be difficult in some taxa,
particularly in geckos because they exhibit similar
morphologies in scale structuring. Therefore, gecko
photo-identification is usually based on visual
comparisons of color patterns (Wanger et al. 2008;

Knox et al. 2013; Hoare et al. 2013; Lettink and
Monks 2016; Cheeur et al. 2023). Recently, Gewiss
et al. (2021) demonstrated the success of Wild-ID for
individual recognition of yellow reticulations in the
Psychedelic Rock Gecko (Cnemaspis psychedelica).
Our study highly suggests that scale structure may
play an important role in individual recognition in E.
europaea, and coupled with contrasting pigmentary
patterns, provides reliable algorithmic individual
recognition. Further studies on reptiles showing
pronounced reflectance changes would allow a better
assessment of the role of skin structure in computer-
assisted individual recognition.

Similarity score analyses revealed small variations
in the performance of the two software packages
in recognizing individuals of European Leaf-toed
Geckos. Wild-ID displayed significantly lower
similarity scores for maximum reflectance differences
compared to minimum reflectance differences. In
contrast, Hotspotter’s similarity scores did not differ
significantly between the two reflectance conditions.
This finding indicates that Hotspotter is less sensitive
to reflectance changes than Wild-ID, and therefore
may be less likely to generate false rejection errors as
sample sizes of unknown individuals increase. The
combination of the two algorithms, one-versus-one
and one-versus-many, probably provides Hotspotter
with a highly reliable identification procedure. Such
performance differences between the two software
(Wild-ID vs Hotspotter) were also attested by several
authors in mammalian species (Crall et al. 2013;
Chehrsimin et al. 2018; Nipko et al. 2020).

A major limitation of our study is the very short
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time interval between each photograph (maximum
4 d), which does not allow for the evaluation of the
timescale of photo-identification reliability. Ad-
ditionally, we only focused on adult specimens. If
scale pigmentation appears to be a criterion used by
the SIFT algorithm, this trait may change over time,
particularly during ontogenetic development. Some
authors have noted a negative relationship between
similarity scores and the increasing time intervals
marked by the evolution of natural color marks in
amphibians (Bendik et al. 2013; Bardier et al. 2020).
Morphological color changes, however, occurring on
facial scutes do not prevent the individual recogni-
tion of juvenile sea turtles (Chew et al. 2015; Carpen-
tier et al. 2016; Dunbar et al. 2021), suggesting that
stable arrangement of large scales allow for reliable
identification. Current documentation on the evolu-
tion of scales, both morphologically and pigmentally,
throughout the life cycle of the European Leaf-toed
Gecko is very poor. Assessing the reliability of com-
puter-assisted photo-identification over a longer time
scale would allow evaluation of features stability in
adults and determination of the minimum age or body
size for a successful use.

Conclusion—When monitoring species with
computer-assisted photo-identification, the standard-
ization of photographs is imperative to obtain sharp
and high-quality images (Kelly 2001; Bendik et al.
2013; Morrison et al. 2016; Sacchi et al. 2016), which
will be more likely to match (Nipko et al. 2020). For
this purpose, the use of a portable photographic stu-
dio comparable to the one suggested here for moni-
toring a small gecko is essential to ensure safe han-
dling and stability of photographic parameters (i.c.,
consistent angle of view, distance between the animal
and the camera, non-reflected light). With such a de-
vice, two people are enough to hold and photograph
the individuals in the field. Within the framework
of a capture-recapture study of European Leaf-toed
Geckos, we advise to carry out the photographs at
night to conform with the activity time of this spe-
cies.

Hotspotter offers more options and tools to ease the
pre-processing of images and their analysis (Nipko et
al. 2020; Dunbar et al. 2021). The creation of chips
allows for quick extraction of the region of interest
from the photographs being compared without
relying on any external software. The orientation
of the animal can also be defined, allowing oblique
postures. Users can visualize the SIFT features on
which Hotspotter relies to compare images. Such

software can integrate individuals over the course
of capture-recapture sessions without the need to
reprocess old photographs, unlike Wild-ID. The
user can label identified individuals for referencing.
The automated greyscale conversion of the chips
makes the visual recognition of European Leaf-
toed Geckos possible and allows the user to make
the final decision (i.e., if the candidate suggested by
the software corresponds or not to the investigated
individual). In light of all these advantages,
Hotspotter appears to be the ideal software for the
demographic monitoring of the European Leaf-toed
Geckos. As a first step, conducting field studies with
increasing time intervals (e.g., several months, then
several years) would allow verifying the reliability
of Hotspotter in real conditions. A next step may be
to assess its effectiveness on younger age classes. A
better understanding of the population dynamics will
allow the implementation of relevant conservation
actions for this threatened species.
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APPENDICES
AppenDIX TEXT. Experimental design to generate reflectance variations in European Leaf-toed Geckos.

Thirty European Leaf-Toed Geckos (Euleptes europaea) were maintained in captivity, distributed equally
with five individuals per terrarium. The terraria were organized to mimic two types of micro-habitats: three
terraria represented a rocky micro-habitat (RMH) and three represented a vegetated micro-habitat (VMH). The
experiment was conducted over four consecutive nights and days, during which groups of individuals were
moved between terraria. Specifically, individuals were transferred to the other “type” of micro-habitat on the
second day and transferred to another terrarium of the same micro-habitat on the third day.

Dorsal-side photographs (i.e., dorsal-side reflectance) were taken at each session, from night 1 (capture of
the individuals) to day 4 (release of the individuals), excluding day 1. On night 1, the geckos were placed in the
terraria and not handled on day 1 to allow for acclimatization. Photographs were always taken at thesame times
each day (1230 and 2330). After being photographed one last time, the individuals were all released in their
original capture area on day 4.

2020 2021

30 captive geckos from La Tradeliere to

249 photos collected from distinct

collect photos of minimum (min) and
individuals in different field locations s (min)

maximum (max) reflectance differences

1. Collection of
dorsal photographs

) Minimum reflectance difference : Maximum reflectance difference :
lv_ 249 photos 249 photos
+ 15 photo of the min pair for the 30 geckos + 1% photo of the max pair for the 30 geckos
2. Database + 2" photo for one of the 30 geckos + 2" photo for one of the 30 geckos
construction ¥ = 280 photos ¥ = 280 photos
Wild-ID Hotspotter
Sequential analysis of the second photo Sequential analysis of the second photo
i of reflectance pairs for the 30 geckos of reflectance pairs for the 30 geckos
3. Batch analysis =
of images minimum maximum minimum maximum
J x False Rejection Rate Similarity score
For the top ranking candidate For the top ranking candidate
— —— e —— T ——
4. Error rates and Wild-ID  vs Hotspotter Wild-ID Hotspotter
. . . 1 1 1 1 1 | 1 |
Slm'lanty scores min max min max min vs max min vs max

APPENDIX FIGURE. Diagram outlining the method used to assess the reliability of Wild-ID and Hotspotter
for individual photo-identification of the 30 European Leaf-toed Geckos (Euleptes europaea) under mini-
mum (min) and maximum (max) reflectance changes.
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APPENDIX TABLE 1. Parameters applied to (A) European Leaf-toed Geckos (Euleptes europaea) and (B)
the digital camera for standardized dorsal photographs. The photographs were taken using the portable
photographic studio illustrated in Figure 2.

Parameters Indications/Values
(A) European Leaf-toed Geckos
Angle of view Back view
Position of the animal Horizontal
Holding By the posterior legs and/or the anterior legs
(B) Digital camera (Olympus® TG-6)
Distance between the lens 7 cm

and the animal

Macro Yes

Flash No

ISO 200

F-number F2.3

White balance Automatic

Resolution 300 pixels/inches minimum

Image size 4000 x 3000

Registration format RAW converted to TIFF and JPEG

Additional equipment LG-1 LED ring (for diffused and constant light)
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APPENDIX TABLE 2. Reflectance values of image pairs illustrating minimum and maximum reflectance
differences for each of the 30 European Leaf-toed Geckos (Euleptes europaea) kept in captivity for 4 d. The
absolute value of the difference (JA|) between the two reflectance values for each pair is provided.

Reflectance values

Minimum reflectance pairs Maximum reflectance pairs
Individuals  1stimage 2nd image |A| Istimage 2ndimage |A|
1 0.241 0.233 0.008 0.241 0.095 0.146
2 0.214 0.214 0.000 0.216 0.088 0.128
3 0.279 0.286 0.007 0.310 0.171 0.139
4 0.158 0.157 0.001 0.230 0.121 0.109
5 0.224 0.230 0.006 0.302 0.145 0.157
6 0.114 0.118 0.004 0.210 0.114 0.096
7 0.239 0.243 0.004 0.153 0.243 0.090
8 0.204 0.203 0.001 0.268 0.156 0.112
9 0.119 0.129 0.010 0.264 0.119 0.145
10 0.250 0.250 0.000 0.278 0.149 0.129
11 0.208 0.205 0.003 0.208 0.106 0.102
12 0.150 0.149 0.001 0.239 0.124 0.115
13 0.180 0.180 0.000 0.265 0.102 0.163
14 0.229 0.232 0.003 0.260 0.164 0.096
15 0.212 0.212 0.000 0.222 0.155 0.067
16 0.227 0.233 0.006 0.117 0.248 0.131
17 0.190 0.185 0.005 0.237 0.125 0.112
18 0.147 0.143 0.004 0.219 0.143 0.076
19 0.238 0.238 0.000 0.302 0.162 0.140
20 0.162 0.164 0.002 0.109 0.231 0.122
21 0.092 0.101 0.009 0.092 0.226 0.134
22 0.216 0.216 0.000 0.218 0.123 0.095
23 0.224 0.226 0.002 0.100 0.234 0.134
24 0.213 0.214 0.001 0.133 0.253 0.120
25 0.209 0.198 0.011 0.251 0.154 0.097
26 0.185 0.188 0.003 0.117 0.224 0.107
27 0.162 0.159 0.003 0.098 0.176 0.078
28 0.216 0.215 0.001 0.110 0.232 0.122
29 0.188 0.194 0.006 0.101 0.194 0.093
30 0.234 0.233 0.001 0.234 0.127 0.107
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