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Amphibians are experiencing global population 
declines due to threats such as climate change, 

habitat loss and infectious diseases (Antwis et al., 2014) 
and there is a need for adequate monitoring of wildlife 
populations to guide conservation activities. Methods 
including capture-mark-recapture (CMR) and capture-
recapture (CR), are commonly used to assess population 
parameters in naturally occurring and reintroduced 
populations (Lagrange et al., 2014). Individuals are either 
identified by unique skin markings or artificial markers 
such as pit-tags, however, these methods can be time-
consuming and cost ineffective (Bendick et al., 2013; 
Sannolo et al., 2016, Guimaraes et al., 2014; Griffiths et 
al., 2015; Chevalier et al., 2017). 
 The pool frog (Pelophylax lessonae - previously Rana 
lessonae) Camerano, 1882 is distributed across Europe 
but went extinct in the United Kingdom during the 1990s. 
Since then a reintroduction program has established a 
viable population at sites in England using individuals from 
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Photographic identification of individual animals is a 
non-invasive and cost-effective method that can provide 
demographic information on wild populations. This study 
aims to compare two photo-matching algorithms (Wild-
ID and I3S-Spot) using a reintroduced population of pool 
frogs (Pelophylax lessonae) in the UK as a case study. We 
compared the following parameters 1) sex and age, 2) 
image quality, 3) image collection size and 4) processing 
time to evaluate successful image match rates.  There were 
no significant differences in successful match rates found 
between sex and age groups.  Wild-ID was more sensitive 
to image quality than I3S-Spot. There was a significant 
negative relationship between image collection size and 
successful match rates for I3S-Spot, however, no such 
relationship for Wild-ID. The findings of our study can be 
used by conservation practitioners to reduce workload and 
improve accuracy during population monitoring activities. 
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the northern-clade in Sweden (Zeisset & Hoogesteger, 
2018). Globally, the species is listed as ‘Least Concern’ 
on the IUCN Red List of Threatened Species but has a 
declining population trend and a need for conservation 
intervention has been recognised (Kuzmin et al., 2009). 
Pool frogs have distinctive and variable spotted skin 
patterns with a pale dorsal stripe, and exhibit some sexual 
dimorphism whereby adult males have paler dorsal base-
colours than females (Hoogesteger et al., 2013). The 
presence of distinguishable morphological features and 
a need for adequate and minimally invasive population 
monitoring, mean that pool frogs are a suitable 
species for non-invasive photographic monitoring 
techniques. Photographic records of individuals from 
the reintroduced UK population are currently captured 
throughout the year, from which population estimates 
are currently calculated based on CR techniques (John 
Baker, pers. comm). However, this process is very time 
consuming for conservation practitioners.
 There are now several automated software algorithms 
available that can aid this process and have been 
employed across a range of taxa, including amphibians 
(Elgue et al., 2014; Sannolo et al., 2016; Matthé et al., 
2017; Speybroeck & Steenhoudt, 2017; Patel & Das, 
2020), reptiles (Treilibs et al., 2016), large terrestrial 
mammals such as the Thornicroft’s giraffe (Giraffa 
cameleopardalis thornicroft) (Halloran et al., 2014) and 
several species of elasmobranch (Gonzalez-Ramos et al., 
2017; Navarro et al., 2018).  However, such algorithms 
require varying amounts of input by the user and image 
quality (Yoshizaki et al., 2009; Halloran et al., 2014; Urian 
et al., 2015; Treilibs et al., 2016; Gonzalez-Ramos et al., 
2017; Matthé et al., 2017; Gatto et al., 2018), data-set 
parameters (Matthé et al., 2017), morphological features 
of the study species (Yoshizaki et al., 2009; Urian et al., 
2015; Matthé et al., 2017) and performance rates differ 
between software types.
 This study aims to compare two commonly used 
photo-matching algorithms on a reintroduced population 
of pool frogs. We quantify differences between the 
algorithm types by 1) sex and age, 2) image quality, 3) 
image collection size and 4) processing time with respect 
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to successful image match rates. Temporal efficiency is 
important for population monitoring activities (Iijima 
et al., 2013) and we aim to make inferences on which 
algorithm practitioners should use to achieve maximum 
accuracy with the least amount of user effort.
 To achieve this, a total of 1255 pool frog images 
taken between May and August from 2010 to 2017, 
were visually examined and 37 % (465) were deemed 
suitable as they had previously been identified to the 
individual-level by a species expert and for the purposes 
of this study, are accepted as being known matches. 
These images were also visually examined prior to 
analysis ensuring all were of appropriate quality and 
key morphological features were identifiable (examples 
of good quality and poor quality photographs available, 
see Supplementary Material Fig. S1). Reasons for poor 
quality images included poor lighting, light reflection 
from the skin of the individual and obstruction due to 
submersion in water. Image matches were confirmed 
and collated by year, sex (male/female) and age (adult/
juvenile), thus forming ‘image collections’. To identify 
individuals, we used the characteristic spotted dorsal 
pattern which is common amongst the species and is 
unique at the individual-level (Hoogesteger et al., 2013). 
To control for potential operator error, we repeated 
the image matching process three times for all image 
collections and each software.  We recorded the number 
of successful first-time matches along with the time 
taken to process each collection. Time-per-image was 
calculated by dividing collection processing time by 
image collection size. We defined ‘image collection size’ 
as the number of images in each collection. We used the 
quantitative measure dots-per-inch (DPI) to assess image 
quality (Zhang & Gourley, 2008) and basic summary 
statistics (mean, standard deviation and standard error) 
were calculated for each image collection. Successful 
match rates between the two algorithms were compared 
based only on images that presented with the highest 
match-likelihood score, as determined by each algorithm. 
We used a similar method to Sannolo et al. (2016) and 
calculated successful match rates as a percentage of 
known matches in each collection. 
 We compared the algorithms Wild-ID (Bolger et al., 
2012; http://www.teamnetwork.org:8080/Wild.ID) and 
I3S-Spot (Hartog & Reijns, 2014; http://www.reijns.
com/i3s) as they have previously been used in similar 
studies (see Bendick et al., 2013; Sannolo et al., 2016). 
Technical differences between algorithms are available 
in the Supplementary Material and Figure S2, and a 
step-by-step overview of our methods are available in 
Figure S3. Images were confirmed as matches if the first 
image presented by the algorithm was an identifiable 
match to the image it was being compared to. Overall 
match rates and time-per-image means were compared 
between algorithms using a paired t-test. Average match 
rate variance between sexes and ages was tested using a 
One-Way ANOVA. This was also analysed by algorithm, 
however, for Wild-ID we used a Kruskal-Wallis test due to 
non-parametric data.  Simple linear regression was used 
to test for significant linear relationships between image 
quality (DPI) and match rates (overall vs. Wild-ID vs. I3S-
Spot), image collection size and match rates (overall vs. 

Wild-ID vs. I3S-Spot), and time-per-image and match 
rates (overall). All statistical tests were performed using 
SOFA Statistics version 1.4.6 using an α value of 5 %.
 Overall, the mean successful match rate was 
significantly greater for I3S-Spot (54.1 % ± 0.1 (SE)) 
than Wild-ID (40.8 % ± 0.2) (t1,50 = 4.528, P <0.001). The 
average processing time per image (seconds) was also 
significantly greater for I3S-Spot (35 ± 3.7) than for Wild-
ID (6 ±1.5) (t1,50 = 65.956, P <0.001). 
 There were no significant differences in successful 
match rates between images of adult females (49.7 % ± 
0.2 (SD)), adult males (48.4 % ± 0.2) and juveniles (40.2 % 
± 0.2) (F1,2 = 2.327, P > 0.05).  When filtered by software 
type, there were no significant differences between 
median successful match rates for images of adult males 
(43.8 %; range 16.7-55.6 %) than adult females (42.9 
%; 25-77.8 %) and juveniles (33.3 %; 12.5-54.6 %) using 
Wild-ID (H1,2 = 3.116, P > 0.05) or I3S-Spot (match rates for 
images of adult males 57.7 % ± 0.1 compared with adult 
females 53.7 % ± 0.2 and juveniles 46.7 % ± 0.1) (F1,2 = 
2.070, P > 0.05).  An overview of pool frog demographics 
in each dataset is provided in Supplementary Table S1. 
 When filtered by algorithm, there was a siginificant 
positive relationship between mean DPI and successful 
match rate for Wild-ID (R2

1,49 = 0.209, P <0.001; Fig. 1a). 
There was no significant relationship between mean DPI 
and successful match rate for I3S-Spot (R2

1,49 = 0.018, P 
>0.05; Fig. 1b).
 There was also no significant relationship between 
image collection size (number of images) and successful 
match rate for Wild-ID (R2

1,49 = 0.007, P >0.05; Fig. 1c). 
However, there was a significant negative relationship 
between image collection size and successful match rate 
for I3S-Spot (R2

1,49 = 0.065, P <0.05; Fig. 1d) with higher 
match rates for smaller collections. 
 When combining data from both algorithms, there 
was a significant positive relationship between processing 
time-per-image and successful match rate (R2

1,100 = 
0.083, P <0.01). Furthermore, there was no significant 
relationship between time-per-image and successful 
match rate for Wild-ID (R2

1,49 = 0.019, P >0.05; Fig. 1e), 
however, there was a significant negative relationship for 
I3S-Spot (R2

1,49 = 0.173, P <0.01; Fig. 1f). 
 This study is one of the first comparing between two 
commonly used photo-matching  algorithms to monitor 
reintroduced pool frog populations. Our results are 
comparable to similar studies with sample sizes ranging 
from 92 to 852 (Elgue et al., 2014; Sannolo et al., 2016; 
Treilibs et al., 2016; Gonzalez-Ramos,et al., 2017; Navarro 
et al., 2018; Patel & Das, 2020). Unlike other studies, we 
applied minimal operator effort (considering only the first 
potential matches presented as correct or not and only 
selecting the minimum requirement of 12 feature points 
when using I3S-Spot) to achieve our findings whereas 
others used greater levels of user effort (Sannolo et al., 
2016; Treilibs et al., 2016; Matthé et al., 2017). Whilst 
not compared directly in this work, it is recognised that 
automated image processing can achieve successful 
match rates at least equal to manual observation, with 
potential for an increase in accuracy in several cases 
(Bendick et al., 2013; Treilibs et al., 2016; Matthé et al., 
2017; Pawley et al., 2018). When comparing processing 
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Table 1.  Results from linear regression analyses a) Wild-ID match rate and mean image dots-per-inch (DPI), b) I3S-Spot 
match rate and mean image DPI, c) Wild-ID match rate and image collection size, d) I3S-Spot match rate and image collection 
size, e) Wild-ID match rate and time taken (seconds) and f) I3S-Spot match rate and time taken (seconds).
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times, Wild-ID significantly outperformed I3S-Spot, with 
the latter taking more than six times longer on average 
to process images.  However, the images used in this case 
were highly standardised due to a retrofit application of an 
existing image collection.  It has been noted that feature-
based algorithms, such as Wild-ID, benefit from image 
and pattern stability (Matthé et al., 2017) and it is likely 
that without such uniformity, the software would have 
performed less successfully.  Despite this, we argue that 
in regards to time effciency both algorithms outperform 
manual efforts.  This is similar to the findings of Halloran 
et al. (2014), who found that photo-id software could 
reduce processing time by up to 78 % compared with 
manual undertakings.  We recommend users consider 
finding a balance between image processing time and 
successful match rates when using automated algorithms 
for accurate population assessments.  Treilibs et al. (2016) 
recorded a 13 % increase in successful match rates when 
investing more time in image processing.  We also found 
a positive relationship between image processing time 
and successful match rates for both algorithms.
 Existing studies have revealed several influencing 
factors to be considered when using automated 
algorithms for photo-identification.  Such aspects include 
changing features of indiviudals over time (Yoshizaki et 
al., 2009; Urian et al., 2015; Matthé et al., 2017), dataset 
size (Matthé et al., 2017) and image quality (Yoshizaki et 
al., 2009; Halloran et al., 2014; Urian et al., 2015; Treilibs 
et al., 2016; Gonzalez-Ramos et al., 2017; Matthé et al., 
2017). Sex and age group did not significantly influence 
successful match rates. Other similar studies have found 
differences between the sexes, for example in Italian 
crested newts (Triturus carnifex) (Sannolo et al., 2016), 
however, there was no such difference in our study. 
This may be due to more extreme sexual dimorphism 
in Italian crested newts compared to pool frogs. There 
was a significant negative relationship between image 
collection size and successful match rates for I3S-Spot, 
which are similar to findings by Matthé et al. (2017). Our 
findings are also similar to other studies (Yoshizaki et 
al., 2009; Elgue et al., 2014; Halloran et al., 2014; Urian 
et al., 2015; Treilibs et al., 2016; Matthé et al., 2017; 
Gatto et al., 2018), however, these have been limited 
by qualitative approaches to assess image quality such 
as visual examination and manual scoring.  It may be 
more appropiate to measure image quality via the user’s 
ability to identify key morphological features, albeit this 
could be regarded as subjective and is dependent on 
user skill and effort. We used a quantitative approach in 
the form of DPI. Whilst DPI is a valid measurement of an 
image’s quality, it does not classify an image based on the 
visibility of key features. 
 Our results have compared two existing automated 
photo-identification algorithms and highlighted 
differences between them. However, such algorithms 
are an asset when monitoring reintroduced populations 
allowing for the reduction in workload for conservation 
practitioners, but limited by differences between 
algorithms and identifying features between species. It 
is important that practitioners consider 1) an appropriate 
algorithm to use, 2) their project design and 3) balancing 
image processing time with successful match rates. 

This will improve accuracy and efficiency of in-situ 
conservation and offer automated tools as a viable, if not 
preferable, alternative to other more-invasive and time-
consuming monitoring techniques. 
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