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Abstract
Camera traps are commonly used to monitor and study wild animals in their natural habitat, with minimal disturbance. Several 
investigations have shown that the natural markings of animals for some species can be used for individual recognition. However, 
most commercially available cameras are unable to obtain photos of sufficient quality to highlight these features. Our study further 
exemplifies the use of applying an external lens to a camera, to obtain higher quality images. We tested various lenses and their 
ability to record the scale patterns on Eurasian beaver (Castor fiber) tails, for individual identification. We tested eleven differ-
ent commercially available camera trap models, across six different beaver territories in the Districts of Kleve and Wesel (North 
Rhine-Westphalia, Germany). The use of an external lens, attached to the camera, produced the best quality pictures for reliable 
identification of individual beavers based on the scale patterns on their tales. These results further exemplify the application of 
external lenses for improving image quality for individual recognition which has potential applications for other species.
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Introduction

Camera traps are a commonly used in ecological field 
work to obtain and collect several types of data from wild 
animal populations (Deutsch 2015; Gamble et al. 2008; 

Lahiri et al. 2011). Compared to other known methods, 
such as radio-telemetry or mark-recapture techniques, 
where animals have to be captured (Briggs et al. 2021; 
Deutsch 2015), camera trapping is a less stressful and 
more cost-effective method (Ravela and Gamble 2004; 
Jean et al. 2010; Arjo et al. 2008; Costa 1993; Associa-
tion For The Study Of Animal Behaviour/Animal Society 
Behaviour (ASAB/ASB) 2012; Gamble et al. 2008). Cam-
era traps minimize fear, stress, or lasting harm to individ-
ual animals and populations and are therefore considered 
a non-invasive technique for identifying and monitoring 
individual animals (ASAB/ASB 2012). Furthermore, cam-
era trapping is highly cost effective when compared to 
research that requires extensive field effort (i.e. live trap-
ping) when studying species abundance, density, distribu-
tion and activity (Bondi et al. 2010; Gracanin and Mikac 
2022; Welbourne et al. 2020).

For studies that aim to estimate population size, den-
sity or home ranges using camera traps, several statistical 
approaches are available (Gracanin et al. 2022; Green et al. 
2020; Rovero and Marshall 2009; Rowcliffe et al. 2008). 
The most common method is capture-mark-recapture; 
however this requires individuals to be physically marked 
(Jung et al. 2020) or have natural unique markings (e.g. 
jaguars, tigers) (Karanth 1995; Sharma et al. 2010; Wang 
and Macdonald 2009).
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Many animals show natural, physical characteristics or 
patterns that are stable and do not change further during 
their lifetime (e.g. cheetahs, zebras) (Kelly 2001; Lahiri 
et al. 2011). Camera traps can therefore be used with such 
species to identify individuals (Jean et al. 2010; Ardovini 
et al. 2007). Photo-identification of individuals has been 
shown to be possible in marine mammals using biological 
features such as pigmentation patterns or the shape of fins 
(Wells and Scott 1990; Urian et al. 2015; Hillman et al. 
2003; Hill 2005). It is possible to recognize individual ele-
phants (Loxodonta spp.) by the shape and distribution of 
nicks present in their ears (Ardovini et al. 2007). Serengeti 
Cheetahs (Acinonyx jubatus) and two species of Zebras 
(Equus grevyi and E. quagga) show specific patterns in 
their coats which are unique to each animal (Kelly 2001); 
(Lahiri et al. 2011). Camera traps have identified animals 
in many other taxa, including birds (Spheniscus demer-
sus) (Tilo and Neill 2007), amphibians (Ambystoma opa-
cum) (Ravela and Gamble 2004), and sea turtles (Caretta 
caretta, Chelonia mydas, Eretmochelys imbricata) (Tilo 
and Neill 2007); Jean et al. 2010, (Ravela and Gamble 
2004; Schofield et al. 2020; Jean et al. 2010). Camera traps 
have even enabled the identification of mammalian species 
which lack unique markings, e.g. brown bears (Ursus arc-
tos) by using deep learning approaches for facial recogni-
tion (Clapham et al. 2020; Ferreira et al. 2020).

However, the main problem for identifying animals 
individually by using pictures taken by camera traps is 
to obtain photos of sufficient quality to highlight the dis-
tinguishing natural markings and patterns. Previous stud-
ies have shown that the results are highly dependent on 
the image quality, which is often influenced by lighting, 
background or the distance from the camera trap to the 
animal (Clapham et al. 2020). A number of studies have 
utilized either external (Gracanin et al. 2018; Littlewood 
et al. 2021; Mos and Hofmeester 2020) or internal lenses 
(McCleery et al. 2014; Uhe et al. 2020) to adjust the focal 
distance between the camera and the subject matter. By 
doing so, features are recorded in focus, at a greater reso-
lution, allowing researchers to perform confident identi-
fication of individuals within a species based on either 
natural markings (Bradfield 2004; Karanth 1995; Kelly 
2001; Hiby et al. 2009), physical tags or notches (Briggs 
et al. 2021; Jung et al. 2020; Ranheim et al. 2004; Robstad 
et al. 2021) or natural scars (Ardovini et al. 2007; Hillman 
et al. 2003). The application of such a camera trapping 
methodology has great potential for a number of small 
to medium sized species (De Bondi et al. 2010; Gracanin 
et al. 2018; Uhe et al. 2020).

One species that benefits greatly from camera trap moni-
toring is the Eurasian beaver (Castor fiber), which is a 
strictly protected rodent species. Its population is growing 
across Europe, due to successful reintroductions (Schwab 

2002; Bräsecke and Bünning 2005; Halley et al. 2012; Nolet 
and Rosell 1998; Schwab and Schmidbauer 2003; Swinnen 
et al. 2017; Halley et al. 2021). It is therefore of great interest 
in the course of monitoring to determine the precise num-
ber of animals at different locations and to monitor their 
patterns of spread. This is best achieved through individual 
recognition of animals. Several methods have been used in 
previous studies to identify beavers: PIT tags, GPS tags, ear 
tags, modified VHF-ear tags for the tail, neck radio collars, 
or even backpack harnesses (Arjo et al. 2008; Briggs et al. 
2021; Mayer et al. 2019; Mayer et al. 2020). In addition to 
these, invasive methods such as intraperitoneal radio trans-
mitters have also been used to identify the animals indi-
vidually (Ranheim et al. 2004; Smith et al. 2016). However, 
even if trained personnel carry out these techniques, stud-
ies have revealed that these methods can have a negative 
impact on the animals. Especially the body mass of beavers 
decreases with the number of captures during the tagging 
period (Mortensen and Rosell 2020; Robstad et al. 2021). In 
addition, the use of anaesthetics always carries the risk that 
animals may die during the procedure (Ranheim et al. 2004).

In some cases, natural tail wounds and scars can be used 
to identify beavers individually, but not all beavers exhibit 
this. Younger animals in particular do not exhibit wounds or 
scars, making it impossible to identify them individually in 
this way (Mayer et al. 2019; Mayer et al. 2020; Schwaiger 
and Schwemmer 2012). In addition, the tail width and 
length and a tail fat index have been used for classifying 
age-classes. Rosell et al. (2010) showed that the size of the 
tails of North American beavers (C. canadensis) does not 
increase during the summer for adults and decreases by 6% 
during the winter and that changes in the size of the tail 
differ among years and families (Smith and Jenkins 1997). 
It is quite likely that the same applies to tails of the Eura-
sian beavers. Consequently, the beaver’s tail appears to be 
an interesting natural trait for individual identification. A 
study of individual identification of deceased beavers by 
their tail using images taken by single-lens reflex camera 
(SLR) showed 100% accuracy in identification (Hinds et al. 
unpublished). Another study also demonstrated the identifi-
cation of 29 individual beavers by scars and notches in their 
tails using commercially available camera traps (Schwaiger 
and Schwemmer 2012). However, the quality of the images 
taken by camera traps proved to be a major challenge in the 
latter study, in particular if beavers were to be identified 
individually by the pattern of their tails and not by scars 
and notches.

While most studies using changes in focal length of 
camera traps have focused on patterns in fur (Kelly 2001; 
Wang and Macdonald 2009), or patterns in facial features 
such as ears (Ardovini et al. 2007), there has been limited 
application for capturing scale patterns on the tails of bea-
vers. Given the great potential for monitoring beavers using 
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camera traps, further investigation into individual level mon-
itoring is needed. Our study focused on the tails of the Eura-
sian Beaver (Castor fiber) in which patterns of scales can 
be seen. This study compared eleven ordinary camera traps 
with a modified external lens to individually identify bea-
vers by the scale patterns on their tails. As different camera 
models had varying resolution, auto-exposure features and 
focal lengths, we aimed to create a standardized method for 
targeted monitoring of beaver tails. To do this, we tested dif-
ferent camera models and recording heights, to identify the 
optimal method for obtaining sharp images of beaver tails.

Methods and materials

Study area

Photos of beaver tails were taken from July 2018 to February 
2021 at five locations (Fig. 1a–e) in the district of Kleve and 
one location (Fig. 1f) in the district of Wesel, both located 
in North Rhine-Westphalia, Germany. All six locations are 
occupied Eurasian beaver territories. Previous evidence that 
the areas were occupied by beavers took the form of feeding 
marks and direct sightings of animals. Three of the loca-
tions (Fig. 1c-e) are in nature reserves, two on private fish-
ing (Fig. 1a, f) waters and one location is in a public area 
(Fig. 1b).

Camera traps

To take suitable photos of beaver tails, eleven cameras of 
six different commercially available models of various price 
levels were tested. The cameras were categorized by their 
purchase price into: low, middle, and high class (Table 1). 
Two camera models were assigned to the lower class: “Doc-
ooler HC-300 M” (L1) and “Maginon WK 4 HD” (L2). 
Three models were tested in the middle class: “Doerr Snap-
Shot Pro” (M1), “Secacam Home Vista” (M2) and “Bush-
nell Trophy Cam HD” (M3). Only one camera model was 
assigned to the high class: “Reconyx Hyperfire HC 600” 
(H1) (Table 1).

As expected from the different price classes, the cam-
eras tested were of different qualities, as well as of dif-
ferent properties (Appendix 1). As an energy source, the 
commercially available batteries in the size AA and the 
strength 1.5 V were used for all of the cameras. To save 
the recorded images, SD cards in sizes from 4 to 32 GB 
were used. The cameras differ in terms of the number of 
their illumination sources, from 32 LED lights up to 56 
LED lights. The resolution of the cameras can be set to 
between 3 and 12 megapixels (Appendix 1). However, the 
highest possible resolution of the respective camera was 
always used. The flash range is up to 25 m and the PIR 
sensor even up to 30 m, depending on the camera model. 
The detection angle of the tested cameras was from 42° up 

Fig. 1  The study area. Points 
a–e are the locations of the 
cameras in the district of Kleve. 
Point f is the location of the 
camera in the district of Wesel. 
Both districts are in North 
Rhine-Westphalia, Germany.  
Source: https:// www. tim- online. 
nrw. de/ tim- onlin e2

https://www.tim-online.nrw.de/tim-online2
https://www.tim-online.nrw.de/tim-online2
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to 120°. Another difference between the individual cam-
eras was the trigger speed; this ranged from 0.2 s up to 
1.1 s. Images were stored in JPG format. Additionally, the 
sensitivity of the PIR sensor was set at the highest level. 
The number of pictures taken by a trigger within 0.2 to 
1.1 s was set between 3 to 9 pictures (Appendix 1). Except 
for the low-class camera model 1 (L1), all tested camera 
models could be configured in the field. To configure the 
L1, software had to be downloaded and used with a laptop 
to program the camera’s settings. Consequently, it was not 
possible to configure this camera on site.

Experimental setup

The cameras were hung from a wooden frame with the 
recording side pointing downwards (Schwaiger and 
Schwemmer 2012) (Fig. 2). This type of construction was 
the same for each location and each camera model (Appen-
dix 2) and was chosen because it is inexpensive, does not 
require any large aids for installation in the field and does 
not affect the habitat of the animals living there. Three dif-
ferent recording heights (0.7 m, 1.0 m and 1.5 m) were tested 
in order to determine at which height the best results were 
achieved (Appendix 3). The recording height was measured 
from the ground to the lens of the camera. A maximum 
height of 1.5 m was chosen so that the cameras could be 
easily checked without any additional tools.

Sites for each camera were selected based on the relative 
ease of set up of the wooden frame in areas that would not 
be frequently visited by people. It was important that the 
chosen location should have a flat surface which beavers 
frequently visit. This ensured consistent photographic condi-
tions regarding recording a consistent horizontal view of the 
tail. The advantage of this setup is that this type of construc-
tion is inexpensive and easy to set up.

Modification with an external lens

A plastic lens with a strength of + 1 diopter (dpt) and a diam-
eter of 2.9 cm was fabricated by a local optician (“Fielmann 

AG Germany, Kleve”). This lens was attached to the L2 
and hung at a height of 1.0 m (Fig. 3). This combination of 
camera and external lens was tested at the locations b and f 
(Fig. 1). Every two to four weeks all cameras were checked 
and SD cards were changed, as well as the batteries.

Table 1  Used camera models, 
classification into the various 
price segments, number of used 
cameras and their abbreviations

Price classes Price Camera model Number of 
cameras used

Abbreviation of 
used cameras

Low class  ~ 80,-€ Docooler HC-300 M 2 L1
 ~ 80,-€ Maginon WK 4 HD 3 L2

Middle class  ~ 100,-€ Doerr SnapShot Pro 2 M1
 ~ 150,-€ Secacam Home Vista 1 M2
 ~ 200,-€ Bushnell Trophy Cam HD 2 M3

High class  ~ 600,-€ Reconyx Hyperfire HC 600 1 H1
3 6 11

Fig. 2  A camera trap with the recording side pointing downwards 
fixed to a wooden frame at a recording height of 1.0 m over a beaver 
pathway
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Definition of quality

Images of beaver tails from previously hunted beavers from 
the Norwegian Beaver Project (NBP) were used as a refer-
ence (Fig. 7B) (Hinds et al. unpublished) to define which 
images were of good and useable quality.

Results

The experimental setup did not appear to be a disruptive 
factor for the animals in their environment since the ani-
mals visited the locations regularly. It became very quickly 
obvious that the camera models L1, M2, M3 and H3 failed 
in quality and were not suitable for our purpose (Table 2). 
Changes in the settings did not lead to any improvement in 
the image quality. Camera M1 showed only good results 
at a recording height of 0.7 m, but failed at the two other 
recording heights. L2 convinced with good quality images at 
recording heights of 1.0 m and 1.5 m. The different number 
of pictures taken is due to the different lengths of time that 
the cameras were outside to take pictures.

Recording height of 0.7 m

At a recording height of 0.7 m, in total, 50,312 photos were 
taken (Table 2) (Appendix 3). All pictures taken were at 
night. Beaver tails were only taken by the M1. Of these 
40 images, the pattern on the tail was only recognizable in 

Fig. 3  The external lens of + 1 dpt attached to the low-class camera 
model 2 (L2)

Table 2  Comparison between used camera models, recording heights 
and the use of the external lens. Camera M1 did good at a recording 
height of 0.7 m but was terrible at both other heights. In addition, M1 
had only a small sample size at a recording height of 0.7 m. The cam-
era models L1, M2, M3 and H3 failed in quality at every recording 

height. L2 did good at recording heights of 1.0 m and 1.5 m and was 
therefore chosen for the lens test. Overall, the use of the external lens 
in combination with the L2 showed much higher results in good pho-
tos of beaver tails (24.5%) in comparison to all photos taken of beaver 
tails without the external lens (5.8%)

Recording height in m Camera Number of photos

Number of 
photos of 
beaver 

tails

Number of 
good 

photos of 
beaver 

tails

Number of 
good 

photos of 
beaver 

tails in %
0.7 L2 5,080 0 0 0

M1 19,069 40 11 27.5
M3 11,119 0 0 0
H1 15,044 0 0 0

50,312
1.0 L1 2,752 9 0 0

L2 17,760 381 45 11.8
M1 375 0 0 0
M2 1,545 0 0 0

22,432
1.5 L2 7,383 118 16 13.6

M1 49,711 922 14 1.5
M2 4,007 0 0 0
M3 4,239 0 0 0
H1 0 0 0 0

65,340 1470 86 5.8
External lens 1.0 L2 8,822 265 65 24.5
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27.5% of the photos (n = 11 photos) (Fig. 4B). The three 
other tested camera models (L2, M3 and H1) either failed to 
take images of beaver tails or the resolution was unsuitable 
for the intended purpose (Fig. 4A, C and D).

Recording height of 1.0 m

At a recording height of 1.0 m 22,432 images were taken 
(Table 2) (Appendix 3). Likewise, all the pictures here were 
pure night shots. Beaver tails were taken by the camera mod-
els L1 and L2. L1 took 9 images of beaver tails, but none of 
the pictures were of sufficient quality (Fig. 5A). L2 took 381 
images of beaver tails, on which 11.8% (n = 645 photos) it 
was possible to recognize a tail pattern (Fig. 5B). The other 
camera models M1 and M2 did either not catch any beavers 
or taken images were of lower quality (Fig. 5C, D).

Recording height of 1.5 m

A total of 65,340 pictures were taken at a recording height 
of 1.5 m and all images taken were pure night shots as well 
(Table 2) (Appendix 3). Tails of beavers were taken by the 
camera models L2 and M1. L2 took 118 photos of beaver 
tails, 13.6% (n = 16 photos) of which provides a detailed 
representation of the tail (Fig. 6A). M1 took a total of 922 
images of beaver tails, but only 1.5% (n = 14 photos) show-
ing rough patterns of the beaver tail (Fig. 6B).

The camera models M2, M3 and H1 either did not take 
any images of beaver tails or the images were overexposed or 
pixelated and therefore not in the required quality (Fig. 6C, 
D). In total, 1470 photos of beaver tails were taken with the 
cameras without an artificial lens. Only 5.8% (n = 86 photos) 
of the photos were useable.

Recordings with the external lens

M1 showed good results at a recording height of 0.7 m. 
However, the sample size was small and at recordings 
heights of 1.0 m and 1.5 m this camera model was terri-
ble (Table 2). L2 took good quality photos at recordings 
heights of 1.0 m and 1.5 m, despite being classified in the 
lower price segment (Tables 1 and 2). Therefore, the exter-
nal lens was attached to this camera model (Fig. 3). Due 
to the strength of the lens of + 1 dpt the recording height 
was 1.0 m. Additionally, in the previous setups without the 
external lens, no impairment of the beavers was determined 
at this recording height.

A total of 8822 photos were taken with the external lens 
attachment (Table 2). All of the pictures taken were at night. 
Beaver tails were present in 265 images, of which 24.5% 
(n = 65 photos) were of good and useable quality (Table 2). 
In particular, a direct comparison of the images without 
and with the external lens shows that the images taken with 
the lens were obviously clearer and sharper for individual 
recognition of beaver tails (Fig. 7A, B). The external lens 

Fig. 4  Photos taken at a recording height of 0.7 m. A Adult beaver taken by L2. B Beaver tail taken by M1. C Overexposed photo taken by M3. 
D Adult beaver taken by H1

Fig. 5  Photos taken at a recording height of 1.0 m. A Beaver tail taken by L1. B Beaver tail taken by L2. C Nutria (Myocastor coypus) taken by 
M1. D Adult beaver taken by M2
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enabled a clear representation of the structures of the pat-
terns of the tail, similar to the reference images from dead 
animals (Fig. 7B).

If the lens was not used, only six out of 100 photos (6%) 
were usable; using the artificial lens, 25 out of 100 photos 
(25%) were usable. Consequently, the use of the external 
lens improves the quality of the photos by factor four. Addi-
tionally, by using the external lens, the pictures were of 
good quality and sharpness such that the beaver tail with 
its patterns structure was obviously visible. Furthermore, 
it was possible to extract the pattern of the beaver tail from 
the images taken with the external lens, as their quality 
was comparable to the reference picture and good enough 
for the further steps of individual recognition of beavers 
(Fig. 7C). It could thus be shown that the combination of 

the L2 with an attached external lens is the best method for 
obtaining good quality images of beaver tails.

Discussion

This study found that through the use of an additional 
attached lens, on a commercially available camera trap 
(Maginon WK 4 HD), good quality close-up pictures of 
beaver tails, was possible. The external lens improves the 
quality of the images taken by a factor of four in com-
parison to photos taken without the external lens. Further-
more, we showed that a fixed recording height of 1.0 m 
in this context has also a positive influence on the image 
quality of beaver tails.

Fig. 6  Photos taken at a recording height of 1.5 m. A Beaver tail taken by L2. B Beaver tail taken by M1. C Adult beaver taken by the M2. D 
Overexposed picture taken by M3

Fig. 7  A Close-up of beaver tails taken by L2 at a recording height 
of 1.0 m without the lens (top) and with the external lens (bottom). 
B Direct comparison of a beaver tail taken by L2 + external lens (top) 

and the reference image (bottom). C Comparison of the extracted pat-
terns of the beaver tail taken by L2 + external lens (top) and the refer-
ence image (bottom)
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Camera models

We found that a less expensive camera trap model delivered 
the most satisfactory images. This camera model was also easy 
to use. Presumably due to the largest detection zone (120°) 
of the L2, the image quality of this camera was the best, in 
comparison to the lower number of pixels of the other used 
cameras. Even if the H1 was the most expensive camera in the 
test, it generally had the poorer equipment and did not perform 
well, as had been reported in other studies (Wölfl 2008). Now-
adays there are a variety of cameras on the market, available 
for different applications and for many field conditions as well 
as for a variety of animal species. The cameras differ greatly 
in terms of sensitivity, zones of detection, and performance 
under different environmental conditions, making it difficult 
to choose the right model (O’Connell et al. 2011). Similarly, 
the available models differ greatly in their price.

The quality of an image depends on five factors: a strong 
light source (LEDs), a powerful PIR sensor, a short trigger time, 
a high number of pixels, and a large detection area. All of the 
camera models we tested are passive infrared-triggered cameras, 
triggered in respond to the thermal energy emitted by animals 
in the form of infrared waves (O’Connell et al. 2011; Tobler 
et al. 2008; Wölfl 2008; Wölfl and Schwaiger 2017; Swann et al. 
2004). The advantages of passive infrared-triggered cameras are 
that they have a lower rate of false triggers in comparison to 
active infrared-triggered cameras and they have a wider detec-
tion zone, enabling a greater range in detecting animals of vari-
ous sizes (O’Connell et al. 2011; Swann et al. 2004).

Lighting made an important difference in the quality of 
the photos taken, especially during the night or in the dark 
and can be therefore a limiting factor in choosing the proper 
camera model (Clapham et al. 2020; O’Connell et al. 2011). 
All of the camera models we tested had infrared as their light 
source. One disadvantage of infrared light is that it does not 
provide high quality images (O’Connell et al. 2011). Because 
beavers are nocturnal all of the images in our study were taken 
at night. The two camera models L1 and M3, which had the 
worst image quality, also had the lowest number of infrared 
LEDs. The L2, which produced the best image quality, has the 
second highest number on LEDs. It is known that by adjusting 
the sensor at different levels of sensitivity, it has a significant 
impact on the number of images as well as on the quality 
(Swann et al. 2004). With all of the cameras we used, the 
sensitivity was set to the highest level, with the exception of 
the H1, where the PIR sensor could not be adjusted. Since 
the image quality of the L1 and M3 showed a general over-
exposure in the course of the test, their PIR sensors were set 
to the lowest level; however, this did not improve the image 
quality either.

Compared to studies in which larger and faster animals, 
i.e. snow leopards (Unica unica), lynxs (Lynx lynx) or red 
foxes (Vulpes vulpes), were recorded, the triggering time of 

the cameras was not of great importance in our study, since 
the beaver usually moves more slowly on land (Jackson et al. 
2005; Sarmento et al. 2009; Wölfl 2008). Thus, the triggering 
time of the L2 of 0.5 s seemed to be completely sufficient here.

Recording heights

In general, cameras used to record animals from a distance of 
2–5 m (Jackson et al. 2005; Sarmento et al. 2009; Swann et al. 
2004). Some camera models work best from distances of even 
12 m (Wölfl 2008). However, our study was about getting 
close-up pictures of beaver tails as well as possible, to receive 
detailed images of the structure of the tail. The L2 camera trap 
took pictures of best quality at a recording height of 1.0 m. M3 
also took overexposed images even at this height and the H1 
was stolen in the first night, so that no images could be evalu-
ated. In general, it can be said that the L2 performed best, with 
good image quality with close-ups, even if this type of camera 
was not designed for close-up pictures.

A recording height of 1.8 m, as it was used in one study 
of taking pictures of beaver tails, was not chosen in our study 
because the cameras are difficult to control at this height 
(Schwaiger and Schwemmer 2012). During our experiment, 
it could not be demonstrated that any of the heights tested 
had a negative impact on the animals, as beaver recordings 
were made at each height.

External lens

With our combination of the L2 with the external lens, we 
were not only able to fix the image quality problems that 
typically occur, but also increase the number of good images 
by a factor of four. Furthermore, it is now possible to use the 
images taken with the external lens, for extracting the tail 
pattern, especially if the images are to be used for further 
semi-automated or computer-assisted evaluation (Ardovini 
et al. 2007; Ferreira et al. 2020; Hillman et al. 2003). As it is 
possible to individually distinguish beavers by the epidermal 
scale pattern of their tails (Hinds et al. unpublished), our 
method has great potential for detailed and systematic mon-
itoring of individual beavers. Furthermore, this improved 
method targeting scale patterns, instead of relying on scars 
(Schwaiger and Schwemmer 2012), allows for a greater 
number of individuals to be identified overall.

Conclusion

Our study identified an optimal method for obtaining high 
resolution images for individual recognition of beavers, As 
researchers utilize their existing collections of trails cam-
eras, we recommend rigorous testing of cameras in terms of 
external lens strength and distance between subject matter 
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and camera. For studies into beavers, we provide a proven 
method that can lead into studies on beaver ecology, such as 
on abundance, distribution, population size, behaviour and 
home range.

Appendix 1: Used cameras and their 
properties

Camera L1 L2 M1 M2 M3 H1

Resolution 5–12 MP 5 MP 3–5 MP 5–12MP 3–12MP 3.1 MP
HD Yes Yes No Yes Yes Yes
Infrared 36 LED lights 42 LED lights 40 LED lights 56 LED lights 32 LED lights Not specified
Lightning range 20 m 20 m 8–15 m 20 m 25 m 17.5 m
PIR sensor Yes (adjustable) Yes (adjustable) Yes (adjustable) Yes (adjustable) Yes (adjustable) Yes
PIR sensor range 20 m 15 m 10–20 m 15 m 25 m 30 m
Batteries 8 AA; 1.5 V 8 AA; 1.5 V 8AA; 1.5 V 8 AA; 1.5 V 8AA; 1.5 V 12 AA; 1.5 V
Photo burst 1–9 pictures 1–7 pictures 1–3 pictures 1–5 pictures 1–3 pictures 1–10 pictures
Trigger speed 1.1 Sec 0.5 Sec ca. 1 Sec 0.4 Sec 0.3 Sec 0.2 Sec
SD cards Up to 32 GB Up to 32 GB Up to 16 GB Up to 32 GB Up to 32 GB Up to 32 GB
Detection area 60° 120° 52° 100° 45° 42°
SMS/MMS/E-

Mail
Yes/yes/yes No/no/no No/no/no No/no/no No/no/no No/no/no

Appendix 2: Locations and used camera 
models

Location Camera model

ASV Kleve M1
M3
H1

Untere Nuthseen L2
M2

Kalbeck M1
M3

Bedburg-Hau L1
L2
M1

Reeser Meer L2
M1
H1

Diersfordter Waldsee L2

Appendix 3: Recording heights, used 
cameras and locations

Height of 
recording

Camera model Locations

1.5 m L2 Reeser Meer
M1 Kleve, Kalbeck, Reeser Meer
M2 Untere Nuthseen
M3 Kleve, Kalbeck
H1 Reeser Meer

1.0 m L1 Bedburg-Hau
L2 Bedburg-Hau, Untere Nuthseen
M1 Bedburg-Hau
M2 Untere Nuthseen

0.7 m L2 Bedburg-Hau
M1 Kleve, Bedburg-Hau
M3 Kleve, Kalbeck
H1 Kleve
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