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Abstract:  27 

Dimensions of body size are an important measurement in animal ecology, though they can be 28 

difficult to obtain due to the effort and cost associated with the invasive nature of these measurements. 29 

We avoid these limitations by using camera-trap images to derive dimensions of animal size. To 30 

obtain measurements of object dimensions using this method, the size of the object in pixels, the focal 31 

length of the camera, and the distance to that object must be known. We describe a novel approach of 32 

obtaining the distance to the object through the creation of a portable distance marker, which, when 33 

photographed, creates a “reference image” to determine the position of the animal within an image. 34 

This method allows for the retrospective analysis of existing datasets and eliminates the need for 35 

permanent in-field distance markers. We tested the accuracy of this methodology under controlled 36 

conditions with objects of known size resembling Felis catus, our study species, validating the 37 

legitimacy of our method of size estimation. We then apply our method to measure feral cat body size 38 

using images collected in Tasmania, Australia. The precision of our methodology was evaluated by 39 

comparing size estimates across individual cats, revealing consistent and reliable results. The average 40 

height (front paw to shoulder) of the feral cats sampled was 25.25 cm (CI = 24.4, 26.1) and the 41 

average length (base of tail to nose) was 47.48 cm (CI = 46.0, 48.9), suggesting wild feral cats in our 42 

study area are no larger than their domestic counterparts. Given the success of its application within 43 

our study, we call for further trails with this method across a variety of species.    44 

Introduction:  45 

Body size is a frequently measured metric that provides important information on the sex, diet, body 46 

condition, and potential predators of an animal (Gittleman & Valkenburgh 1997; Cumming & 47 

Cumming 2003). The most common methodologies used to measure mammal body dimensions 48 

(hereafter, ‘size’) involve live trapping, tranquilising, or killing the animal (Richard-Hansen et al. 49 

1999). While these methods allow for other measurements to be taken, including weight, tissue and 50 

blood samples, and the specific dimensions of size, this direct contact with wild animals may alter 51 

their behaviour, cause high levels of stress, and potentially result in injury or death (Zemanova 2020). 52 

Live captures are also laborious and financially costly, meaning an intense sampling effort is required 53 



to obtain sufficient sample sizes (De Bondi et al. 2010; Mills, Godley & Hodgson 2016). Lastly, some 54 

individuals are trap-shy (Jolly & Dickson 1983), and as such live capture can be biased towards those 55 

that are ‘trap-happy’ (e.g., juveniles, animals in poor condition). For these reasons, many researchers 56 

are preferencing non-invasive approaches for wildlife monitoring, such as using camera-traps, where 57 

feasible (Zemanova 2020).  58 

Past research has explored estimating animal size directly from camera-trap images. A relatively 59 

simple method is described by Tarugara et al. (2019). They deployed carcasses atop fallen trees, and 60 

secured steel pegs 20 cm apart on the underside of these logs, so that as leopards (Panthera pardus) 61 

climbed the trees to retrieve the carcasses, their body dimensions could be estimated from this 62 

permanent scale. This methodology worked because the animal could be continuously captured in the 63 

same position and distance from the camera, allowing for the scale to provide an accurate reference 64 

point. However, such elegant designs are not always possible, as animals may vary in their distance 65 

from the camera-trap, limiting the information a permanent scale can provide.  66 

Leorna, Brinkman and Fullman (2022) demonstrate the utility of the pinhole camera model in these 67 

circumstances, which they employed to provide accurate measurements of reindeer (Rangifer 68 

tarandus) body dimensions from camera-trap images. To use the method, one must have 69 

measurements of the body dimension in pixels, the focal length of the camera, and the distance of the 70 

animal to the camera-trap (Johanns, Haucke & Steinhage 2022; Leorna, Brinkman & Fullman 2022). 71 

Measuring the distance of an animal to the camera-trap from within camera-trap images can prove 72 

problematic. One approach has been to place distance markers at regular intervals in the camera’s 73 

field of view for the duration of the monitoring period (Hofmeester, Rowcliffe & Jansen 2017; 74 

Corlatti et al. 2020). However, these markers are conspicuous and could increase the risk of theft or 75 

alter the behaviour of the study species (Corlatti et al. 2020). These markers also tend to bin distances 76 

at quite wide intervals (i.e., 1 meter to two-meter intervals) (Corlatti et al. 2020; Leorna, Brinkman & 77 

Fullman 2022). A potential alternative is to use a laser rangefinder to derive distance (Leorna, 78 

Brinkman & Fullman 2022), though this option is expensive (~$500 USD per unit), therefore limiting 79 



the number of potential stations that can be deployed and inflating the consequences of theft and 80 

vandalization.  81 

In this study, we describe a cost-effective, low-effort, and inconspicuous method for estimating size 82 

utilising the pinhole camera model, allowing for reliable measurements whilst keeping the risk of 83 

disturbance and theft low. Our method can be implemented in pre-existing camera-trap surveys and 84 

does not require a permanent distance markers. Our approach can also be retroactively applied to 85 

historical data. We demonstrate the utility of this method with feral cats, an ecologically damaging, 86 

trap-shy invasive predator in Australia. In estimating their size, we also seek to uncover whether feral 87 

cats in Tasmania (our study region) are larger than domestics, addressing the common anecdotal 88 

reports of ‘giant cats’ in the wilds of Australia (Menkhorst & Morison 2012).  89 

Methods for estimating size from a camera-trap image:  90 

The following steps are required for our approach: i) source or calibrate the focal length of the 91 

camera-trap; ii) create a portable reference marker; iii) take a reference image of the marker at each 92 

camera-trap location; iv) overlay the image with animal images from the same site in photo-editing 93 

software; v) measure desired dimensions of the animal, in pixels, as well as the distance to the animal; 94 

vi) convert these measurements from pixels to metres. Each of these steps are described in detail 95 

below, with illustrations. 96 

Information required to calculate size: 97 

The method described within this paper employs the pinhole camera approach, which illustrates the 98 

relationship between a two-dimensional image and a three-dimensional scene as described by this 99 

equation:  100 

𝑆𝑖

𝑑𝑖
=

𝑆𝑜

𝑑𝑜
 101 

Where Si is the size of the object on the image in pixels, di is the distance of the camera sensor to the 102 

aperture (i.e., focal length expressed in pixels), So is the physical size of the object (in meters) and do 103 

is the physical distance to the object in meters from the camera (Leorna, Brinkman & Fullman 2022). 104 



Three pieces of information are needed to rearrange this equation to obtain the physical size of an 105 

object/animal from a camera-trap image. These include the camera-trap’s focal length (di), 106 

measurements in pixels of the animal’s dimensions, and the distance of the animal to the camera-trap 107 

(do). Focal length can occasionally be sourced from a camera-trap manufacturer, but can more reliably 108 

be obtained by following the methods of Megalingam et al. (2016), which describe a calibration 109 

procedure to derive focal length in pixels. The focal length is a static specification that will not change 110 

between calculations, provided that the researcher is using the same camera model throughout their 111 

monitoring. In contrast, the pixel measurements of an animal’s dimensions and the distance of the 112 

animal to the camera-trap will be different for each photograph and camera-trapping site. As such, a 113 

distance marker is required to provide a reference point for the distance of an animal to the camera-114 

trap.   115 

Distance marker and in-field protocol:  116 

Researchers must create a distance marker that can be readily taken into the field. This distance 117 

marker needs to maintain a straight line from the camera-trap and provide visible indicators of 118 

distance at regular intervals to be readily discerned from the camera-trap images. The design of the 119 

distance marker is flexible, and largely dependent on the resources and requirements of the researcher 120 

(and camera model). For our study, we created a portable distance marker using a tape measure 121 

marked with different colours every 10 cm, to total length of 230 cm (Figure 1). This length was 122 

determined as the longest distance at which the colours on the tape were still reliably distinguishable 123 

within a camera-trap image taken by a Cuddeback X-Change Colour Model 1279 with 20-megapixel 124 

resolution (the standard device we used throughout this work). This maximum distance may vary for 125 

other cameras, depending on their specifications.   126 

A reference image of the distance marker must be taken at each camera-trap site (e.g., Figure 1, panel 127 

A). This image will later be overlain with animal images taken at the same site. The reference image 128 

should contain the distance marker laid flat and out in front of the camera-trap, directly in line with 129 

the lens. One should ensure that the camera-trap used to take this reference image is in the same 130 

location and position as the camera-trap used to collect wildlife images. The same model of camera-131 



trap must also be used. After this reference image is taken, the distance marker can be removed from 132 

the site.  133 

Pixel measurements and conversion to centimetres:  134 

Images of the study species should feature the animal in clear view of the camera-trap and within the 135 

range of the distance marker. Not all images need to be measured, as the sample size required will 136 

depend on the researcher’s question and data availability. Representative images of the study species 137 

must be overlain with a reference image of the distance marker at the same site. This can be done 138 

using the transparency function in Photoshop, or with any equivalent image editing software that 139 

allows for image overlay and pixel measurements. To ensure accurate overlap, the reference image, 140 

and the wildlife image, should be aligned using objects in the background, such as trees, stones, or the 141 

edges of pathways (Figure 1). These objects can be traced to make this process easier (e.g., red drawn 142 

lines in Figure 1C). A wildlife image should only be used if the animal photographed is parallel to the 143 

camera-trap, such that the whole flank can be seen. 144 

 145 

Using the ‘ruler’ tool in the photo editing software, a straight, horizontal line is then drawn between 146 

the animal’s front foot and the distance marker (figure 1C). Where it overlaps on the distance marker 147 

is the distance of that animal to the camera-trap. The ruler tool must be set to measure ‘pixels’, and 148 

then the height and length of the animal, or any other parameters of interest (e.g., head length, tail 149 

length, flank width) can be measured. These measurements must be taken consistently (e.g., for 150 

height, starting from the front foot and measuring to the shoulder every time for each individual). The 151 

Figure 1: An example of the field photo taken of the measuring tape with 10 cm colour blocks out to 230 cm, a suitable 
image of a cat close enough to the camera for analysis, and how the images are superimposed, aligned and sanity checked 
to ensure the tape measure is in an accurate position to read distance of the cat to the camera. The red lines in panel C 
show reference points in the background that were traced to ensure accurate overlay, and the white line indicates the 
distance of the cat from the camera-trap on the distance marker.  



pixel measurements are converted to physical dimension measurements using the following equation, 152 

as per Leorna, Brinkman and Fullman (2022):  153 

𝑂𝑏𝑗𝑒𝑐𝑡 𝑠𝑖𝑧𝑒 (𝑐𝑚) =
𝑂𝑏𝑗𝑒𝑐𝑡 𝑠𝑖𝑧𝑒 (𝑝𝑖𝑥𝑒𝑙𝑠) 𝑥 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑜 𝑜𝑏𝑗𝑒𝑐𝑡 (𝑐𝑚)

𝐹𝑜𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ (𝑝𝑖𝑥𝑒𝑙𝑠)
 154 

Test of accuracy in controlled conditions  155 

Camera calibration  156 

We calibrated camera focal length following the methods of Megalingam et al. (2016). We collected 157 

15 images of a 25 cm x 25 cm piece of white paper on a poster board at 40 cm intervals up to 200 cm 158 

distance. We took three images of the paper at each interval, ensuring the paper was at the centre of 159 

the image and approximately perpendicular to the face of the camera-trap. We measured the height 160 

and length of the paper in pixels using the ruler tool in Photoshop. We then estimated the focal length 161 

using the following equation:  162 

𝑑𝑖 =
𝑠𝑖 ∗ 𝑑𝑜

𝑠𝑜
 163 

From these estimates, we calculated the average focal length with 95% confidence intervals and 164 

employed the derived average focal length in all further equations.  165 

Tests of accuracy 166 

The accuracy of the pinhole camera method for estimating animal size has been effectively 167 

demonstrated by Leorna, Brinkman and Fullman (2022). However, as we are using a different model 168 

of camera-trap and new method to derive distance of the animal to the camera-trap, we validated the 169 

accuracy of our method in controlled conditions before undertaking our field measurements. To do 170 

this, we created silhouettes of Felis catus of four different sizes (Table 1). We collected one image of 171 

each silhouette at intervals of 20 cm between 110 cm and 210 cm from the camera-trap. We also 172 

collected images of the silhouettes at unknown distances from the camera-trap to determine how 173 

much additional error is incurred through the use of the portable reference marker. We measured 174 

height (front paw to shoulder) and length (base of tail to nose) for each silhouette and calculated 175 



percent relative error (RE) for each measurement (i.e., RE = ([estimated – actual]/actual) x 100). We 176 

calculated the average RE with 95% confidence intervals for images with known distance and images 177 

with unknown distances.   178 

Results from calibration and controlled trial 179 

Camera calibration and accuracy 180 

The mean derived focal length for the Cuddeback X-Change 1279 model with an image resolution of 181 

20mp was 6747.9px (95% CI = 6711.5, 6784.2). The mean RE for estimates of height and length for 182 

measurements taken with known distance to camera-trap were -0.88% (CI = -1.71, -0.04) and -0.49% 183 

(CI = -0.99, 0.03) respectively (Table 1). The mean RE for estimates of height and length with 184 

estimated distance to camera-trap were 5.06% (CI = 2.91, 7.2) and 6.61% (CI = 4.54, 8.66) 185 

respectively (Table 1). Measurements of individual silhouettes and their relative error are reported in 186 

Table S1.  187 

Table 1: summary of results from accuracy trial of Felis catus silhouettes in controlled conditions. Confidence intervals (CI) 188 
are reported with lower limits (LL) and upper limits (UL).  189 

 
Known distance 

  
Estimated Distance 

  

 
Relative error in estimated size Relative error in estimated size 

Measured 
dimension 

  
95% CI 

   
95% CI 

 

n Mean LL UL n Mean LL UL 

Height 24 -0.88% -1.71 -0.04 32 5.06% 2.91 7.2 

Length 24 -0.49% -0.99 0.03 32 6.61% 4.54 8.66 

 190 

Application of methodology using feral cats as a case study:  191 

Background information: 192 

The physiology of Felis catus, or the domestic cat, is well studied in the context of veterinary science 193 

(Courchamp, Say & Pontier 2000), but understudied within the feral populations of Australia. There 194 

are many anecdotal reports of large cats published within social and popular media (Menkhorst & 195 

Morison 2012), but an absence of published empirical evidence on their body size. Feral cats 196 

preferentially predate small mammals with an average body weight of approximately 42 grams, 197 

around 1.1% of average feral cat weight (Yip, Rich & Dickman 2015; Fleming et al. 2020). As cats 198 



get bigger, they consume a greater quantity of prey items and tend to target more diverse prey species 199 

(Yip, Rich & Dickman 2015). As such, size is an important factor when assessing the risk cats pose to 200 

vulnerable species.  201 

As mentioned in the introduction, there are few methods available to assess cat size outside of killing 202 

and physically measuring the cat’s corpse, the feasibility of which varies between habitats (Fisher et 203 

al. 2015). Camera-traps have been revolutionary for monitoring feral cats (Bengsen, Butler & Masters 204 

2012) and could be used to provide information on cat size. In this case study we estimate feral cat 205 

size with camera-trap images using data collected in a temperate rainforest / wet-eucalypt forest, an 206 

environment where the shooting and trapping of live cats is infeasible. The frequent capture and re-207 

capture of feral cats within a pre-existing camera-trap survey in the south-east of Tasmania provided a 208 

large dataset for us to test and demonstrate the utility of our size methodology, while also giving us 209 

the opportunity to evaluate the size of individuals within this wild population.  210 

Existing field sites and camera deployment:  211 

We reviewed images from an existing dataset of 54 trail cameras (model: Cuddeback X-Change 1279) 212 

that were deployed in the Picton region of Tasmania (Figure 2). Cameras were secured to trees at 213 

animal shoulder height, 30-50 cm, as per Apps and McNutt (2018). Of the 54 cameras, 48 were set on 214 

unsealed forestry roads and six off the road in nearby natural arenas or on game trails. All cameras 215 

used a white flash with a passive infra-red sensor (being triggered in response to movement and heat), 216 

and a minimum lapse time between successive of 30 seconds during the day and one minute at night.  217 

 218 



  219 
Figure 2: Map of Tasmania showing the camera-trap sites used in this study. Status indicates whether a site provided measurable 
data, with red points (1) as sites that provided data suitable for size measurements of cats, and black (0) with no useable photos.  



Processing camera-trap images: 220 

Reference images were taken at all 54 camera sites during the final service in 2021 using the 221 

methodology as described above (see section: Distance marker and in-field protocol). Images for size 222 

estimation were included only if the cat was within 2.3 meters of the camera and had their flank 223 

parallel to the camera-trap. Of the 54 sites, 32 (60%) met these criteria, having images of cats close 224 

enough to the camera-trap to reliably obtain distance to the camera, and where cats were at an 225 

appropriate angle to be measured accurately. From the chosen sites, we had access to 327 images of 226 

cats for measurement. Of these, 157 featured black cats, and 170 photos could be identified at the 227 

individual level.  228 

Although our method does not require individual identification for size estimation, employing it 229 

enables us to scrutinise the standard errors attributed to each individual and thereby assess the 230 

precision of our methodology. We identified individual cats by their unique coat markings where 231 

possible, excluding black cats from our analysis. To mitigate potential bias from site-specific camera 232 

characteristics—such as road width and camera angle—a maximum of ten images per individual cat 233 

were processed for each camera. If only a single image was captured for an individual across all sites, 234 

then this individual was excluded from our analysis and method demonstration. Using this protocol, 235 

32 unique individual cats were identified and measured. 236 

Analysis:  237 

Cat height (front paw to shoulder) and length (base of tail to nose) were measured in pixels and then 238 

converted to centimetres, as described in section above in Pixel measurements. To provide an 239 

indication of precision, measurements for each individual cat was averaged, and confidence intervals 240 

were calculated using the bootstrap method in R (Canty & Ripley 2017). 241 

Results from field trial 242 

Feral cat size estimates: 243 



Average cat height for the population was 25.25 cm (CI = 24.4, 26.1) and the average length was 244 

47.48 cm (CI = 46.0, 48.9) across all measured cat images. The average standard error for each 245 

individual was 1.58 cm for height (CI = 1.2, 2.0) and 0.82 cm for length (CI = 0.66, 0.97). The tallest 246 

individual’s average height was 29.3 cm (CI = 28.0, 30.5), and the longest individual’s average length 247 

was 54.6 cm (CI = 49.0, 60.1). The shortest individual had an average height of 18.6 cm (CI = 15.4, 248 

21.8), and the individual with the shortest length measured at 37.7 cm (CI =35.3, 40.0) (Figure 3). The 249 

was a strong relationship between height and length across all measured images (R2 = 0.87) (Figure 250 

4).  251 

 252 



253 

Figure 3: Comparisons of average cat length (left) and height (right) for each individual cat (labelled 1 to 32) with standard error bars. Note that the x-axis is in descending order for length, and 
that the cat IDs on the x-axis for average height match that order to allow for comparisons between individuals. The dashed red line in each graph displays the average length and height 
across all individuals, and the faint dashed red lines above and below this show the average +/- one standard error.  



 254 

Figure 4: Relationship between estimated length and height (centimetres) within each image. Points 255 

represent each image measured, with the regression line provided in blue and standard error in grey.   256 

  257 



Discussion 258 

Our initial tests of accuracy under controlled conditioned showed that our novel method to derive 259 

animal distance to the camera-trap resulted in a consistent overestimation of animal size of around 2-260 

8%. While greater than our relative error when distance was known, this margin of error compares 261 

favourably with past studies utilising the pinhole model (Leorna, Brinkman & Fullman 2022). As 262 

such, we were able to confidently derive consistent estimates of height and length for 32 unique cats 263 

as calibrated against repeated images. Notably, our measurements were close to the expected range of 264 

body size for Felis catus: 46 cm for length and 23-25 cm for height (Sunquist 2002). The margin of 265 

error varied among individuals: some exhibited consistent size estimates across images, while others 266 

showed greater variability. The key advantages of our methodology for measuring body size in 267 

camera-trap images are two-fold: (i) the distance marker does not need to remain at the field-site, thus 268 

lowering costs and mitigating theft risk, and (ii) as a consequence, this approach can be used to 269 

measure animal body size from historical datasets, by re-visiting the site and replicating the position 270 

of the previously placed camera, and taking a reference image with the distance marker in place. 271 

Variation in the measurements for each individual cat’s height and length could be attributed to the 272 

differences in the position of the animal in each photograph (Tarugara et al. 2019), or some 273 

foreshortening introduced by slightly oblique angles (e.g., Figure 5, left panels). This corroborates the 274 

findings of Leorna, Brinkman and Fullman (2022), who noted a decline in measurement accuracy for 275 

reindeer as the distance to the camera-trap increased or when photographed at an angle. Additional 276 

variation in our measurements was also introduced by the non-exact nature of our distance marker, 277 

which measured distance in intervals of 10 cm. This is because the resolution of the camera-trap 278 

images was too low to examine more precise intervals (e.g., 5 cm, 1 cm, etc.). Despite these potential 279 

sources of error, the confidence intervals were tight for most individuals, indicating that our method 280 

provided consistent measurements despite uncertainties in angles and distance among camera sites. 281 

In our case study, camera-traps placed off-trail captured fewer cats than road cameras, and these cats 282 

were often approaching the camera or walking away from it, making the images unmeasurable. Lures 283 

have been used in past studies to overcome this problem, increasing capture rate and to ensure the 284 



animal is perpendicular to the camera at the time of capture so that dimensions can be measured 285 

(Tarugara et al. 2019). Our study shows that roads and trails can be used in the same capacity. 286 

Predators have high rates of detection on roads and trails (Wysong et al. 2020), making these 287 

locations a sort of “passive lure” for feral cats. In addition, we note that the road locations measured 288 

in our study consistently yielded images of cats positioned with their flanks parallel to the camera-289 

trap, as they were following a directed linear path of movement (Figure 5), and these animals were 290 

also generally close to the camera-trap (i.e., within 230 centimetres). Our portable distance marker is 291 

advantageous in this context, as permanent distance markers cannot be placed on active roads and 292 

may increase the risk of theft on walking tracks. As such, our distance marker methodology can be 293 

applied to predator surveys already utilising these locations of high predator traffic where distance 294 

markers have previously been unsuitable.   295 

The utilisation of camera-trap images for measurements of body dimensions is useful when a species 296 

cannot be live trapped or handled. This could be due to ethical concerns, or a low capture rate due to 297 

trap-shy tendencies. Cage traps can suffer heavy biases due to both naturally cautious (untrappable) 298 

animals and conversely, trap-happy individuals, such as those in poor condition that are more inclined 299 

to take baits or young and naïve individuals (Short, Turner & Risbey 2002; Waudby, Petit & Gill 300 

2019). These biases appear less pronounced in camera-trap research, and while some individuals may 301 

respond to camera-traps differently this is generally a result of prior human disturbance (Larrucea et 302 

al. 2007; Meek et al. 2016). Additionally, if individual identification can be undertaken using the coat 303 

of the animal, then some of this potential bias can be recognised by individual capture frequency.  304 



Our field trial provided the first estimates of the size of feral cats living in the dense rainforests and 305 

tall wet forests of south-east Tasmania, in areas remote from human settlements. The average 306 

estimates of height and length for cats in our study was 25.3 cm (CI = 24.4, 26.1) and 47.5 cm (CI = 307 

46.0, 48.9), which is similar to that of typical domestic cats of 46 cm for length and 23-25 cm for 308 

height (Sunquist 2002). This is particularly true when one considers that our accuracy trial indicated 309 

that our methodology consistently over-estimates dimensions. As such, our findings do not contain 310 

any evidence that supports the phenomenon of Australian “panthers” and “big cats”, which is 311 

commonly reported in the media, but not currently supported by any scientific literature (Menkhorst 312 

& Morison 2012). However, we have only sampled a small pocket of the Tasmanian wilderness 313 

herein. The pinhole camera model we employed provides an opportunity to substantiate claims of 314 

Figure 5: On the left, two examples of cats on an angle, making them inappropriate to measure from these camera-trap images. On the right, 
two examples of cats that are parallel and close to the camera-trap, making them good specimens for measurement using these camera-trap 
images.  



giant cats in Australia where shooting and trapping fail or are unavailable, particularly considering 315 

this method can be applied to historic data.  316 

Conclusion 317 

The pinhole camera model is a cost-effective method to estimate animal body size if using pre-318 

existing camera-trap surveys, allowing researchers to exploit past data. A caveat is that a researcher 319 

must return to the site of a camera-trap survey and replicate deployment to obtain a reference image if 320 

using past data. Nonetheless, this method provides a non-invasive alternative to live capture or killing 321 

that consistently provides precise animal dimensions. We encourage other researchers to test the 322 

pinhole model with other models of camera-trap, species, or captive populations to further validate 323 

this method.     324 
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Table S1: Precision and accuracy of estimated Felis catus dimensions from silhouettes of known size. Mean, upper 95% confidence intervals (UL), and lower 95% confidence intervals (LL) are 410 
provided in centimetres. Relative error (RE) and its standard error (SE) are provided as percentages.  411 

 Estimated length  Estimated height 

Trial Individual n Actual length Mean LL UL RE SE Actual height Mean LL UL RE SE 

Known 
distance to 
camera 

1 6 43 cm 43.1 42.6 43.7 0.3 0.6 22.5 cm 22.0 21.6 22.4 -2.3 0.9 

2 6 48 cm 47.9 47.3 48.4 -0.3 0.6 23 cm 23.1 22.7 23.5 0.4 0.9 

3 6 56.5 cm 56.0 55.5 56.5 -0.9 0.4 25 cm 24.9 24.5 25.2 -0.6 0.8 
4 6 64 cm 63.3 62.7 63.8 -1.1 0.4 27 cm 26.7 26.3 27.1 -1.1 0.7 

Estimated 
distance to 
camera 

1 8 43 cm 46.3 44.4 48.2 7.6 2.3 22.5 cm 23.3 22.4 24.3 3.7 2.2 
2 8 48 cm 51.4 49.3 53.5 7.0 2.3 23 cm 24.5 23.5 25.5 6.4 2.3 
3 8 56.5 cm 60.0 57.5 62.5 6.2 2.3 25 cm 26.3 25.3 27.4 5.3 2.2 
4 8 64 cm 67.6 64.8 70.4 5.6 2.3 27 cm 28.3 27.2 29.4 4.9 2.2 
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