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Background

The population of free-roaming cats (Felis catus) in Little Cayman is a major conservation concern for
this small, environmentally sensitive island. A companion cat registration drive during May and June,
2022, found that only 31 cats, belonging to 14 owners, could meet the registration criteria of being
presented to the attending veterinarian. Following the companion cat registration, four removal
trapping efforts (2022: June; 2023: January — February, April, July — August) across Little Cayman have
removed a total of 126 feral cats. During the four removal trapping sessions, physical traps were
deployed in accessible areas along roads, trails, and other human-associated habitats. To understand
the effort required to control the feral cat population across the island, an estimate of cat density is
necessary. Remote camera traps allow for monitoring of dense interior habitats without the impact of
observer effects (e.g. noise). Here we estimate the density of cats in the wild based on two camera
trap surveys in the interior of the West End and Central Forest areas of Little Cayman and use spatial
capture-recapture methods to estimate the density and abundance of free-roaming cats in Little
Cayman.

Methods
Field methods

A team of four people deployed 50 camera traps (Reconyx Hyperfire 2 Professional Covert IR Camera
HP2X) at 25 locations in the interior of the West End of Little Cayman between 25 July and 27 August,
2022, and at 25 locations in the Central Forest of Little Cayman between 27 February and 4 April, 2023.
The two camera grids were 5.25 kilometers apart and assumed to be independent of each other
(Figure 1). Each deployment location had two cameras placed on tree trunks at 0.1 — 0.4 meters in
height and cameras were placed 4 — 6 meters apart, positioned toward the same general area
capturing different angles. Little Cayman has 2,891 hectares of habitable area for feral cats, excluding
wetlands and urban structures (Figure 2). Survey design was a 5 x 5 camera grid with ~200 meter
spacing. This spacing parameter was based on preliminary work done in Grand Cayman with the
National Trust of the Cayman Islands and Harrisburg University, which monitored feral cat movement
using cameras traps in protected areas. Cameras were set to take a series of 10 pictures per trigger
event. Understory plants and hanging branches within the cameras’ field of view were cleared to avoid
false trigger events.
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Figure 1. Layout of camera traps on Little Cayman.
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Figure 2. Layout of camera traps and landcover on Little Cayman. Ponds, pools, mangrove lagoons,
and urban landcover types were not considered habitable area in the final analysis.



Camera trap image processing

Images were sorted between the following categories: “animals”, “humans”, and “false triggers”. All
cats photographed within the study period were sorted independently by two observers into
“individually identified cats” and “unmarked pictures of cats”. Discrepancies in cat identification
between the two observers and all unmarked captures were categorically determined by a third
observer. All images of an identified cat captured within a 30-minute window from first capture were
considered one unique detection event and capture histories were created for each identified cat.
Identified cats in the imagery were cross-referenced with our registered companion cat database to
assign them as a “feral” or “pet cat” to use as a covariate. Finally, photographs taken of captured cats
during removal trapping sessions and the camera trap photos were cross-referenced to confirm
identity of any cats that were seen in the camera trap grids and subsequently captured by physical
traps.

Figure 3. Example image of a cat seen by one of the camera traps.

Statistical methods

The individual capture history data was analysed in a spatial capture-recapture framework (Efford
2004). This method approximates the location of an animal’s activity center (i.e. home range center)
and uses a mathematical function that describes an animal’s declining probability of being detected
the further its activity center is from a detector. The half-normal detection function has parameters
for the g0 (intercept) and o (sigma, spatial scale). The spatial scale parameter defines how capture
probability declines with distance and relates to the average space use of the animals in the population



(Efford et al. 2009; Tourani 2021). Estimating the animal’s use of space and associated detection
probability within the sampled area, allows the model to accurately estimate the density of free-
ranging individuals. We implemented the spatial capture-recapture models using the ‘secr’ library in
the R programming software (Efford 2022). Help pages related to ‘secr’ library code and methods
hosted on https://www.otago.ac.nz/density/SECRinR.htm| were used throughout the analysis.

The model accounts for animal activity centers that exist outside of the camera trap grid, which
expands the effective area sampled (beyond the camera grid) to improve density estimation.
However, non-habitat such as water bodies within and surrounding the survey area (i.e. ponds and
coastline) needed to be excluded to accurately represent the available habitat. We used a shapefile
of the coastline and excluded ponds in Little Cayman in the model to account for the cats’ available
habitat.

A goodness-of-fit test of the deviance divided by the residual degrees of freedom was implemented
to check for lack of fit in the base model. Different detection functions and one covariate, indicating
whether a cat was a registered pet or a feral cat, were compared using AIC scores. Likelihood ratio
test was used to test for significance of the covariate effect.

Detections of pet and feral cats from both camera surveys were included in a single model to estimate
the average density of free-roaming cats on Little Cayman between the two sites during the study
period. The population size was estimated by multiplying the density by the total habitable area on
Little Cayman (2,891 hectares). Individual parameter estimates for each area were provided to make
comparisons between the Western End and Central Forest areas of Little Cayman.

Results

Descriptive statistics

Within the West End survey area, a total of 19 individual cats were identified from 120 unique
detection events. Of the 19 individual cats identified in the West End, six were recognized as registered
pet cats and 13 as feral cats. Within the Central Forest survey area, a total of nine individual cats were
identified from 139 unique detection events, none were identified as pet cats. Seven detection events
in the West End and six detection events in the Central Forest included cats that were unidentifiable
and excluded from the analysis. No cats identified in the West End area were found in the Central
Forest area and vice versa. The maximum distance a cat was observed within the camera grid from
point of first detection was ~825 meters. The mean maximum distance cats moved within the West
End grid was ~445 meters and in the Central Forest grid was ~641 meters.

We found that four of the 13 feral cats seen in the West End camera grid were removed in the January
and April 2023 removal trapping sessions and three out of nine feral cats seen in Central Forest camera
grid were removed in the April and August 2023 removal trapping sessions. The maximum distance a
feral cat was captured from the West End camera grid was 3 km away at the landfill site, the second
furthest was 1.3 km near the Department of Environment research station and the other two cats
were captured within 200 m of the camera grid. The maximum distance a feral cat was captured
outside of the Central Forest camera grid was 7.9 km away at the eastern end of the island, the second
furthest was 3.2 km away along the north-west coast, and the last one was captured within the Central
Forest area. The average distance a cat was physically captured from the camera grid was 2.2 km.


https://www.otago.ac.nz/density/SECRinR.html

Visual assessments of model diagnostics indicate that the chosen buffer of 1,000 meters around the
camera trap grid had no impact on the model fit. AIC scores did not distinguish between half-normal
and hazard rate models in terms of suitability, however, visual assessments of the hazard rate
function’s sensitivity to buffer width appeared to be less suitable, hence a half-normal detection
function was used. The data modelled with a half-normal detection function passed the goodness-of-
fit test (p-value = 0.5). We compared six models with covariates for pet vs. feral cats and the session
(West End vs. Central Forest areas) and their addition for influence on the spatial scale parameter (o)
and the intercept (g0). The model with cat status (pet or feral) as a covariate on spatial scale parameter
and session as a covariate on spatial scale and intercept parameters was chosen as the best fitting
model (~ 12 AIC scores difference between the top performing model and the next best one).

Parameter estimates

The cats in the Central Forest area had a larger space use (sigma parameter) than the cats in the West
End (p-value = <0.001; Table 1). The density of cats in the West End was significantly higher than the
density in the Central Forest (p-value = < 0.001; Table 1). Within the West End, the feral cat density
was 0.059/ ha (SE = 0.017) and the pet cat density was 0.027/ ha (SE = 0.011); no pet cats were
captured in the Central Forest camera grid. The separated feral cat density in the West End was also
significantly higher than the density of feral cats in the Central Forest (p-value = < 0.001). The average
density and abundance estimate has a coefficient of variation of 19% (Table 2).

Table 1. Parameter estimates for each survey area.

Parameter Survey Area Mean Standard Error
go0 (intercept) West End 0.052 0.007
Central Forest 0.103 0.014
o (scale parameter West End 236 20
in meters) Central Forest 310 24
D (Density per West End 0.086 0.021
hectare) Central Forest 0.025 0.008

Table 2. Average density and abundance estimates of free-roaming cats in Little Cayman.
Abundance is the density multiplied by 2,891 (Ha), the hectares of habitable area in Little Cayman.

Parameter Mean Lower 95% CI | Upper 95% CI
D( Density per hectare) 0.048 0.033 0.07
N (Abundance) 139 95 202

Conclusions & recommendations

The density of cats in the Central Forest area was significantly lower than in the West End area of Little
Cayman. This is likely partly due to the absence of pet cats identified in this study area; six of the 19
cats identified in the West End area were pet cats. However, the density of feral cats only in the West
End was also significantly higher than that of the Central Forest; West End feral density = 0.059/ ha
(SE = 0.017) while Central Forest feral density = 0.025/ ha (SE = 0.008). This points to other possible
explanations for the higher density in the West End area. A plausible explanation is that the West End



is the most developed part of the island (Figure 1), where the majority of dive resorts, restaurants,
and residents live on the island. This human-associated habitat typically provides supplemental food
sources for free-roaming cats (e.g. waste, supplemental feeding, etc.) which may attract and support
a higher density of free-roaming cats. In contrast, the Central Forest is a more isolated habitat, with
ponds bordering the north and south of the area and a lack of human-associated development (Figure
2). However, the live-capture of cats seen in the cameras grids up to 7.9 km (average 2.2 km) outside
of the grid indicates that cat movements can extend beyond two study areas and that there is
significant movement of some individual cats across the island, for example with some cats moving
out of the West End to the landfill site closer to the Central Forest area. These long range movements
indicate that the local effects of the human-associated landscape in the West End is unlikely to be the
only explanation for the difference in feral cat density between the two study areas.

The other major consideration when interpreting these results is the timing of the two camera grid
deployments and the feral cat removal trapping sessions that occurred before and between the two
deployment periods. The West End camera deployment occurred after one removal trapping session
that focused on the West End area and removed 13 feral cats from within 1.5 km of the camera grid.
The Central Forest camera deployment occurred after two removal trapping sessions, the first session
trapped the quarry entrance road up to 800 m away from the camera grid and both sessions trapped
the landfill site 1.7 km away from the camera grid. In total both sessions removed 19 cats in the
surrounding area before the camera deployment in the Central Forest. The effects of these feral cat
removals on the density estimates cannot be parsed out of these data in the current study design. We
assume the removal trapping efforts around the West End and the Central Forest study areas likely
had a negative impact on free-roaming cat density in the two areas, possibly affecting the estimated
density in the Central Forest study area more since it was preceded by two removal trapping sessions.
Although the feral cat removals will have influenced the estimated density of feral cats in each survey
area differently, within each camera grid deployment the geographic independence of the two survey
areas and the assumed demographic closure means the study design satisfied those assumptions of
the spatial-recapture method.

The results of this research serve as a reliable estimate of the free-roaming cat density and abundance
in the wild across Little Cayman. The upper 95% confidence interval of 202 free-roaming cats on Little
Cayman should be used when planning for the potential effort required for an eradication of feral cats
on the island (Table 2).
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