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Introduction

Capture-mark-recapture methods [START_REF] Otis | Statistical inference from capture data on closed animal populations[END_REF] are frequently used to estimate the size of animal populations, for many taxa [START_REF] Schaub | Migrating birds stop over longer than usually thought: an improved capture-recapture analysis[END_REF][START_REF] Schtickzelle | Modelling insect demography from capturerecapture data: comparison between the constrained linear models and the Jolly-Seber analytical method[END_REF][START_REF] Jackson | Estimating snow leopard population abundance using photography and capture-recapture techniques[END_REF][START_REF] Lyet | Prescribed fire and conservation of a threatened mountain grassland specialist: a capture-recapture study on the Orsini's viper in the French Alps[END_REF]. They are based on the identification of individuals by durable marking [START_REF] Otis | Statistical inference from capture data on closed animal populations[END_REF]. Various techniques have been used for many years to recognise individual reptiles, such as cutting off scales, tattooing or painting [START_REF] Ferner | Marking and measuring reptiles[END_REF], fitting transponders [START_REF] Ursenbacher | Résultats de 5 années de suivi d'une population de Vipère péliade (Vipera berus) dans le Jura Suisse : estimation des effectifs et discussion des méthodes d'estimation[END_REF], hot marking by burning the ventral scales [START_REF] Prestt | An ecological study of the viper Vipera berus in southern Britain[END_REF][START_REF] Ursenbacher | Estimation de l'effectif et analyse du risque d'extinction d'une population de Vipère péliade (Vipera berus L.) dans le Jura vaudois[END_REF] or cold marking by icing the snake's epidermis with dry ice (Monney 1988 in [START_REF] Ursenbacher | Estimation de l'effectif et analyse du risque d'extinction d'une population de Vipère péliade (Vipera berus L.) dans le Jura vaudois[END_REF]. Today, non-invasive techniques are increasingly used thanks to the development of digital photography via photo-identification. Photoidentification has the advantage of being harmless and less stressful for the animal [START_REF] Sannolo | Photo-identification in amphibian studies: a test of I 3 S Pattern[END_REF]) and of enabling long-term identification of the individual [START_REF] Sacchi | Photographic identification in reptiles: A matter of scales[END_REF]. This technique consists of identifying body patterns that are specific to each individual (arrangement of scales or colour patterns) and that do not change over the course of a lifetime, despite successive moults. However, manual photo-identification is a relatively time-consuming and complex method, especially when the sample size is large, as a large number of visual comparisons have to be made [START_REF] Sacchi | Photographic identification in reptiles: A matter of scales[END_REF][START_REF] Cruickshank | Error rates and variation between observers are reduced with the use of photographic matching software for capture-recapture studies[END_REF]. In order to improve this method, photos taken in the field can then be analysed using individual recognition software, which can be a faster and cheaper method [START_REF] Sacchi | Digital identification and analysis[END_REF]). However, semi-automated photoidentification using software does not always show greater reliability than manual photo-identification, even in reptiles [START_REF] Dunbar | Recognition of juvenile hawksbills Eretmochelys imbricata through face scale digitization and automated searching[END_REF]. Success depends in particular on the quality of the photos. More and more software have been developed in recent years and are available free of charge. There are two types of software, those requiring image pre-processing (e.g. I 3 S Pattern, APHIS SPM) for which the user must manually define the distinctive body features of each photograph and conversely those for which this step is non-existent (e.g. Wild-ID) [START_REF] Sacchi | Digital identification and analysis[END_REF]. Some of these semiautomated photo-identification software have been used successfully on snakes [START_REF] Albu | Towards automatic model-based identification of individual sharp-tailed snakes from natural body markings[END_REF][START_REF] Rotger | Photo-identification of horseshoe whip snakes (Hemorrhois hippocrepis, Linnaeus, 1758) by a semiautomatic procedure applied to wildlife management[END_REF][START_REF] Hoefer | Semiautomated photo-identification of Bahamian Racers (Cubophis vudii vudii)[END_REF], although this taxon is not often cited in the literature in the context of the application of these methods. The common European adder (Vipera berus) is a species that can be identified individually by photo-identification from the pattern and arrangement of cephalic scales [START_REF] Benson | Identifying individual adders, Vipera berus, within an isolated colony in East Yorkshire[END_REF][START_REF] Bauwens | Genotyping validates photo-identification by the head scale pattern in a large population of the European adder (Vipera berus)[END_REF]. Indeed, the number, shape and connection points of the scales are variable between individuals (Fig. 1) (Hodges & Seabrook 2014[START_REF] Rey | L'identification et la reconnaissance individuelle chez la Vipère péliade Vipera berus à l'aide de photographies de l'écaillure de la tête en vue dorsale. Retour d'expérience de l'utilisation de deux méthodes[END_REF] and the cephalic scale is relatively stable between the juvenile and adult stages [START_REF] Bauwens | Genotyping validates photo-identification by the head scale pattern in a large population of the European adder (Vipera berus)[END_REF]. Several studies have thus highlighted the interest of using a manual photoidentification method for individual recognition of the common European adder [START_REF] Bradley | Identification of individual adders (Vipera berus) by their head markings[END_REF][START_REF] Benson | Identifying individual adders, Vipera berus, within an isolated colony in East Yorkshire[END_REF][START_REF] Bauwens | Genotyping validates photo-identification by the head scale pattern in a large population of the European adder (Vipera berus)[END_REF]. However, to our knowledge, no study has compared the performance of semi-automated and manual recognition methods and evaluated the suitability of these software in the individual recognition of Vipera berus. In this study, we therefore compared the performance of manual method and semi-automatic photoidentification software for the common European adder. First, we calculated the error rates for visual and algorithmic recognition using three semi-automatic software (I 3 S Pattern, Wild-ID and APHIS) as well as the rankweighted true positive rate. We then assessed the speed of each of these identification methods. On the basis of these results, we selected the individual recognition method that offered the best compromise between reliability and speed for setting up regular monitoring of the common European adder. Figure 1 -Typical example of head scale arrangement of the common European adder (Vipera berus) (according to [START_REF] Bauwens | Genotyping validates photo-identification by the head scale pattern in a large population of the European adder (Vipera berus)[END_REF] showing the groups of scales: apicals (green dots), internasals (blue triangles), supraoculars (orange dots), parafrontals (red dots), frontal (yellow square), parietals (blue dots) and interparietal (green triangle).

Materials & Methods

A. Photographic database

This study was based on a photographic database of the cephalic scales of the adder from field surveys carried out between 2016 and 2021 in the communes of Audresselles and Ambleteuse (Hauts-de-France). Some individuals were captured, others photographed from a distance using a Nikon D500 and a Sigma 100-400mm f/5-6.3 dg os hsm telephoto lens. No retouching was carried out on the images in order not to artificially increase the processing time required to analyse an image. Photos that could not be identified with certainty by the manual method because of the quality of the images (orientation of the individual's head, cephalic scales and intersections not visible enough) were deleted. Indeed, these images would have added noise to the semi-automatic photoidentification [START_REF] Suriyamongkol | Feasibility of using computer-assisted software for recognizing individual Rio Grande cooter (Pseudemys gorzugi)[END_REF]. The final database contains 192 images of 85 unique individuals, including 44 males, 35 females and 6 juveniles. The images were renamed for the APHIS and Wild-ID databases to match the lexicographic order used by APHIS and Wild-ID and the numerical order used in the manual database in order to analyse the images in the same order and facilitate the verification steps. Wild-ID and APHIS read the images in lexicographical order (1, 10, 100, 2...) and not numerical order (1, 2, 10, 100) as in I 3 S Pattern and the manual database. This can alter the results given by the software because each new image is compared with the images already identified, in the order in which they appear in the folder. The order of the images will therefore have an impact on the individuals with which the new image is compared [START_REF] Renet | Monitoring amphibian species with complex chromatophore patterns: a non-invasive approach with an evaluation of software effectiveness and reliability[END_REF]. It would thus be difficult to compare the different software if their results were not identical. A simple code was assigned to each individual after analysis, such as "Ind1". No distinction was made between males and females in order not to induce identification biases linked to the observer and not to eliminate images for which the sex would be uncertain (juvenile individuals in particular).

B. Manual photo-identification

The manual database is a computer directory containing one file per individual, each individual being identified by a code of the type "Ind1". Each folder contains all the photographs in which an individual is present. For the user, this method consists of a systematic comparison of the images analysed with the images already present in the database from the cephalic scales (apical, internasal, parafrontal, frontal, parietal and interparietal scales) (Fig. 1). If a match is found between the image and a previously identified individual, the image is added to the individual's file. If no match is found after the entire database has been reviewed, a new individual folder is created. This database is considered to be the reference database. Its reliability is estimated at 100%, giving that a methodical and exhaustive search is carried out for each image in the collection of images already analysed. No false negatives are therefore expected.

C. Semi-automatic photo-identification I 3 S Pattern I 3 S Pattern is a software for extracting patterns that can be recognised from one individual to another (Den Hartog & Reijns 2014). To do this, the user performs a pre-processing step that involves placing three identical reference points from one individual to another, which tells the software how the images overlap. Once these points have been placed, the user defines the region of interest, which determines the area of the animal in which I 3 S Pattern automatically extracts the points of interest (Fig. 2). The software then performs the analysis step by comparing the image with all the images already stored in the database and provides a list of matches, ranked from most similar to least similar using a similarity score that increases with rank. The user must then make a visual comparison of the results, which is the verification stage. If the image analysed matches an image associated with an identified individual already in the database, the user includes it in the database. The image will then be associated with the same individual as the one in the corresponding photo. In the case of a new individual, the user adds the new individual to the database. The number of matches displayed by the software can be determined by the user (Den Hartog & Reijns 2014). The software was parameterised before carrying out the analysis. First, the number of comparison points (nrElements) was increased to 50. The average number of intersections between scales in the region of interest is estimated at 45. This number is slightly overestimated if an individual has supernumerary scales. An excess of comparison points is not considered harmful for the analysis as long as it remains reasonable, since we are trying to differentiate between two distinct individuals and false positives are considered non-existent [START_REF] Sannolo | Photo-identification in amphibian studies: a test of I 3 S Pattern[END_REF]. On the other hand, the warpSize variable was decreased to 350 after carrying out tests by decreasing or increasing the default value of ± 30% on three restricted databases. This variable is used to homogenise photos taken at different distances by calculating the distance between points of interest and then normalising it from one image to another.

Wild-ID

Wild-ID is software based on the automated extraction of distinctive features from an image [START_REF] Bolger | A computer-assisted system for photographic mark recapture analysis[END_REF]. Pre-processing is reduced to cropping of the region of interest by the user, using another software. An analysis of the images is then performed, which provides a list of the top 20 matches, along with a similarity score. Unlike I 3 S Pattern, this score increases as the images become more similar. Finally, the user carries out a visual check and can accept a match or consider that the individual is new to the database [START_REF] Bolger | A computer-assisted system for photographic mark recapture analysis[END_REF].

APHIS

APHIS incorporates two distinct identification algorithms [START_REF] Moya | APHIS: A new software for photo-matching in ecological studies[END_REF]. The Spots Pattern Matching (SPM) method, which is based on pattern matching, is preferable when images are heterogeneous and patterns are less distinguishable but is more time-consuming. In our case, the images are relatively heterogeneous (shooting angles and distances, brightness and contrast), so we decided to test only the SPM method. For the user, using the SPM method involves a pre-processing stage for all the images to be analysed, which involves identifying reference points that are invariant from one individual to another. The points of interest must then be defined manually by the user, enabling APHIS to compare the images with each other (Fig. 3). Once the analysis has been completed, APHIS provides a list of matches associated with a similarity score. As with I 3 S Pattern, the similarity score is lower if the images are more similar. Finally, the user must carry out a check and accept the match if the individual is already present in the database, or to reject the set of matches in order to assign the analysed image to a new individual [START_REF] Moya | APHIS: A new software for photo-matching in ecological studies[END_REF]. 

D. Image pre-processing

The manual database does not require preprocessing, so the pre-processing time was not calculated. For the I 3 S Pattern pre-processing stage, we determined three reference points suitable for the common European adder in all the images (Fig. 2). The first is the left intersection between the supraocular scale and the upper parafrontal scale, the second is the right intersection between the supraocular scale and the upper parafrontal scale and the third is the lower contact point between the parietal scales. On the other hand, the region of interest encompasses the apical, internasal, parafrontal, frontal, parietal and interparietal scales (Fig. 2). During the Wild-ID preprocessing stage, we cropped the images at the boundary of the region of interest defined during the I 3 S Pattern analysis using the Windows Photos software. For APHIS, we used the same reference points as for I 3 S Pattern (Fig. 3). User-defined points of interest are placed as precisely as possible at the intersection (junction between three scales) of the apical, internasal, parafrontal, frontal, parietal and interparietal scales (Fig. 3). Points of interest are also placed on the reference points. There are as many points of interest as there are intersections, so the number may vary between individuals. This does not affect the reliability of the software as it has been used successfully for other reptile species with greater variability between individuals [START_REF] Gatto | A novel method for photo-identification of sea turtles using scale patterns on the front flippers[END_REF]).

E. Reliability and speed of identification methods

Following the analysis process carried out by the software, a manual match sorting stage was carried out by the user to check the software results and classify the individuals. No images were analysed after the top 10. It is not realistic to consider more candidates in the context of a time-consuming study or a large database.

Measured variables

Reliability

The reliability of a method is its ability to correctly associate a photo with an individual who already exists in the database (true positive) or to consider that a photo corresponds to a new individual (true negative).

The reliability measure therefore takes into account the False Rejection Rate, which corresponds to an identification as a new individual when the photo corresponds to an existing individual [START_REF] Bendik | Computer-assisted photo identification outperforms visible implant elastomers in an endangered salamander, Eurycea tonkawae[END_REF], Sacchi et al. 2016). The False Negative Rate, i.e. the number of false negatives divided by the number of total matches, thus gives the error associated with using the method. Another measure for determining the reliability of a method is to take into account the rank of true positives [START_REF] Matthé | Comparison of photo-matching algorithms commonly used for photographic capturerecapture studies[END_REF]. In fact, in the previous calculation, software that presents 90% true positives but has selected them in 10 th position will be attributed the same reliability as software that has the same percentage of true positives but has selected the matches in 1 st position. It therefore seemed important to introduce the rank variable into the calculation, given its influence on speed. To do this, the number of true positives for each rank (Nx1 to Nx10) will be weighted by the value of that rank (1 to 10). The total is then weighted by the total number of true-positive events for the method (N), to obtain a rate between 0 and 1 that can be compared between software. The closer the rate obtained is to 1, the more the software selects matches with low ranks (1 st or 2 nd rank, for example):

𝑇𝑃 𝑅𝑊 = ∑ 𝑁 𝑥 𝑖 𝑖 10 𝑖=1 𝑁 = 𝑁 𝑥 1 1 + 𝑁 𝑥 2 2 + ⋯ + 𝑁 𝑥 10 10 𝑁
The higher the value, the more robust the method, also considering the value of false negatives rates. The false negative (FN) and rank-weighted true positive (TPRW) rates obtained by the software were then compared with the results obtained using the manual method, which is considered to be the reference method (Fig. 4).

Speed

Speed was determined by estimating (i) the time required to pre-process an image and implement it in the database (as a new individual or an existing individual), (ii) the software analysis time and (iii) the time required for the user to check the results. For the manual database, the verification time is equivalent to the classification of the individual once the analysis and identification have been carried out. This speed was measured using a stopwatch for each image and then an average was calculated for the identification method under consideration (Fig. 4). In order to reduce the bias associated with the calculation of preprocessing, analysis and verification times, the protocol was carried out by a single user and on a single computer to avoid differences in computing capacity.

Figure 4 -Summary diagram of the steps required to identify an individual from a field photograph based on the method used. The method's speed is determined throughout the identification process and takes into account the pre-processing, analysis and verification of the image. The method's reliability is calculated in an additional step which consists in comparing the false negative and rank-weighted true positive rates obtained by the software and the one obtained by the manual method.

Results

Reliability

Of the 192 images analysed using the manual method, 85 unique individuals were observed and 107 images were images of individuals already in the database (true positives) (Tab. 1).

However, the false negative rate differed depending on the software used. Wild-ID had the highest number of false negatives (12.5%), followed by I 3 S Pattern (9.9%). Their reliability was therefore evaluated at 87.5% for Wild-ID and 90.1% for I 3 S Pattern. APHIS presented identical results to the manual method (0.0% false negatives), showing a zero false negative rate and therefore a reliability of 100.0%. In addition, the weighting of true positives by their rank shows that APHIS selects more correct matches in the top ranks of the selections (99.5% for APHIS compared with 90.0% for Wild-ID and 79.6% for I 3 S Pattern) (Tab. 1).

Speed

Wild-ID is much faster than the other methods, with each photograph being processed, analysed and verified by the user in an average of 27.8 seconds. APHIS takes around 3 times as long (86.5 seconds per image), while I 3 S Pattern and the manual method take almost 5 times as long (129.3 seconds and 132.5 seconds per image respectively) (Fig. 5). 

Discussion

Reliability

The results obtained when comparing false negative rates show that APHIS has 100% reliability, identical to the manual method. The reliability of the other semi-automatic software tested was lower, with 90.1% reliability for I 3 S Pattern and 87.5% for Wild-ID. The analysis of true positives weighted by rank also shows that APHIS more systematically proposes correct matches among the first selection ranks than the other software. This analysis is of interest in the choice of semi-automated photoidentification software, since software that regularly selected correct matches in the last ranks would require a great deal of verification time for the user. Indeed, it seems unrealistic to consult a large number of matches for each image in the context of a large database or for a professional with little time allocated to species monitoring. The identification errors encountered by I 3 S Pattern and Wild-ID may be linked to the automatic placement of points of interest by these software. In fact, this may make the analysis less robust for images of poorer quality or in contexts of different luminosity or orientation, particularly for a species such as the common European adder, for which the specific patterns are not very contrasted. Manual placement of points of interest in APHIS is therefore probably an advantage in these conditions. In other studies of individual snake recognition, APHIS has also proved very reliable, correctly identifying 100% of individuals, although the datasets are smaller [START_REF] Hoefer | Semiautomated photo-identification of Bahamian Racers (Cubophis vudii vudii)[END_REF][START_REF] Rotger | Photo-identification of horseshoe whip snakes (Hemorrhois hippocrepis, Linnaeus, 1758) by a semiautomatic procedure applied to wildlife management[END_REF].

Speed

APHIS is faster than the manual method and I 3 S Pattern, but slower than Wild-ID. Although Wild-ID shows a very high speed, this software is poorly adapted to the photo-identification of non-standardised images with different contrasts, luminosities, scales, and angles of shots [START_REF] Matthé | Comparison of photo-matching algorithms commonly used for photographic capturerecapture studies[END_REF]. When used on field photos, it is expected that more time is needed for image pre-processing and retouching, making the software much more timeconsuming to use, in addition to being less reliable. A filtering system is implemented in APHIS and could make its use less timeconsuming by selecting the database according to the sex of the individual. However, this system may result in false negatives if the sex of the individual has not been correctly determined beforehand.

Selection of APHIS software

Based on these results, APHIS can be considered a good candidate for the individual identification of the common European adder and could represent a reliable and time-saving solution for the study of this species, particularly for large databases. This semiautomatic method could prove particularly useful in the context of a study carried out by several people in succession (long-term monitoring, for example), where an observer effect linked to experience and knowledge of the individuals could lead to errors with a manual database. Using APHIS would also reduce the risk of error when classifying individuals on the basis of the cephalic scale code [START_REF] Bauwens | Genotyping validates photo-identification by the head scale pattern in a large population of the European adder (Vipera berus)[END_REF], particularly for individuals with an atypical scale arrangement.

Perspectives

APHIS seems to be fairly tolerant of a slight difference in points of interest between images of the same individual (omissions, additions or shifting of points of interest linked to an image of poorer quality or too much distance from the individual). The threshold of difference between images that has an impact on the reliability of the software however remains to be determined by testing its ability to match different images of the same individual by shifting the points of interest and varying their number. It should be noted that this methodological study was carried out with a majority of photos taken during capture and therefore easier to analyse. Thus, less reliability is expected for photos taken only from a distance without capturing the individual, as the images are less standardised in this case (different distance to the individual, luminosity and angle in relation to the head) [START_REF] Matthé | Comparison of photo-matching algorithms commonly used for photographic capturerecapture studies[END_REF]. However, while other software automatically place points of interest, APHIS has the advantage of allowing the user to place points of interest manually, reducing the number of non-exploitable photos for which an automatic algorithm could not discern scale intersections due to poor image quality. Thus, even though an increase in error rates is expected with poor image standardisation, the use of APHIS will make it possible to reduce this bias in the context of a CMR study using photoidentification. This method is also suitable for identifying juveniles, as the cephalic scaling is relatively stable and varies very little between the juvenile and adult stages [START_REF] Bauwens | Genotyping validates photo-identification by the head scale pattern in a large population of the European adder (Vipera berus)[END_REF]. For these reasons, APHIS offers encouraging perspectives for the long-term monitoring of populations of Vipera berus and would make it possible to encourage remote photography rather than capture in order to limit disturbance of the species. However, APHIS has a number of constraints associated with its use, in particular the need to analyse the entire database each time it is used, which makes the process time-consuming. In addition, this software compares the images to be analysed with the existing database, but does not compare the photographs with each other because the database is not updated in real time. An image that has just been identified as a new individual will therefore not be proposed in subsequent selections, which can lead to false negatives. To overcome this problem, a sequential analysis is possible by progressively transferring images from the "capturas" folder to the individual "repositorio" folders. It is important to note that the recognition rate decreases with increasing dataset size [START_REF] Matthé | Comparison of photo-matching algorithms commonly used for photographic capturerecapture studies[END_REF]. In our study, the dataset gradually increases during the analysis, so the calculation of the error rates of an image is biased by its position in the database.

Conclusion

Giving the reliability and speed demonstrated by the APHIS semi-automatic software for the individual identification of the common European adder, it will be favoured to other methods (manual or semi-automatic) for identifying individuals during future studies to assess population sizes as part of the Regional common European adder Action Plan in the Hauts-de-France region. The use of this software could even be considered on a national scale if recommendations for methodological standardisation of population monitoring are envisaged as part of a National Action Plan for Vipers in France. However, it remains to be determined whether it is essential to capture individuals or whether the quality of photographs taken from a distance (orientation, completely visible area analysed, no or few reflections) is sufficient. The involvement in the field and the impact on the species are not the same. Vipers are now fully protected in France (decree of 8 January 2021) and their capture is subject to authorisation within well-defined frameworks and to prior training of the observer, which is an additional constraint.

Moreover, remote photoidentification is less intrusive and disturbing for the species [START_REF] Sannolo | Photo-identification in amphibian studies: a test of I 3 S Pattern[END_REF]. In this context, other complementary studies could also be envisaged using photos taken without manipulation in order to determine the impact of a change in the placement of points of interest on the reliability of APHIS.
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 2 Figure 2 -Reference points (blue) and region of interest (green) precisely defined by the user for each photo in I 3 S Pattern. Points of interest are automatically defined by the software and are shown in red.

Figure 3 -

 3 Figure 3 -Reference points (Left ref, Right ref and Bottom ref) and points of interest defined for each photo in APHIS.

Figure 5 -

 5 Figure5-Average time in seconds for pre-processing, analysis and verification of an image depending on the method. The overall average speed of the methods is given by the addition of the average times needed for each step.

  

Table I -

 I Percentage of reliability associated with each method as well as rank-weighted true positive and false negative.

	Method	False negative rate (%)	Reliability	Rank-weighted true positive rate (%)
	Manual	0,0	100,0	NA
	I 3 S Pattern	9,9	90,1	79,6
	Wild-ID	12,5	87,5	90,0
	APHIS	0,0	100,0	99,5
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