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Abstract

Introduction: For many US animal shelters, the majority of feline admissions are classified as
‘strays’. Historically, many of these cats were euthanatized despite being in generally good health.
Return-to-field programs — shelter-based versions of the more traditional (i.e. community-based)
trap-neuter-return (TNR) programs — offer an alternative, increasing a shelter’s live out-
comes as eligible cats are sterilized, vaccinated, and returned to the location where they were
found. It is not unusual for these programs to be conducted without any direct knowledge of
caregivers associated with specific cats. Instead, they rely on the general health of the cats as
a sign that they are receiving sufficient care. The objective of this study was to quantify the
extent of the community cat ‘caregiver network’ by applying a geospatial analysis to a large
set of cat and caregiver location data.

Methods: For this retrospective observational study, we used two sets of cat and caregiver
location data (22,521 records in all). An empirical network was created using records for which
both cat and caregiver location were known; a theoretical network was created using records
for which no caregiver location was available (the cats having come through the local shelter
system as ‘strays’). These two caregiver networks were then used to estimate the distances
between community cats and potential caregivers nearby.

Results: Our results suggest that most cats in the study community are located within distances
that are reasonably consistent with well-documented feline home ranges and foraging behavior
in urban and suburban environments. For cats included in the area’s extensive TNR program,
for example, the median distance to the second nearest caregiver was 235 m. For cats entering
the shelter system as strays, the median distance to the nearest known caregiver was similar
(246 m). Our theoretical network suggests that if 20% of households in the study are provided
care for outdoor cats, 66.7% of cats would be within 126 meters of a theoretical caregiver,
20.7% would be within 80 meters.

Conclusion: The general availability of resources revealed by these findings might help explain
the results of previous research (and considerable anecdotal evidence) documenting the good
general health of community cats.
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aving originated in the UK and Europe, trap-neu-
ter-return (TNR) began to gain traction as a
method for managing unowned free-roaming cat
populations in the US during the 1980s.! In recent years,
these programs have become increasingly common, with
a growing body of evidence demonstrating their ability to
stabilize and reduce local populations,>” superiority over
lethal removal,!®!! and strong public support.'?
Caregivers have played an integral role in TNR pro-
grams from their earliest days, often providing food, water,

shelter, and necessary veterinary care following the cats’
post-sterilization return.! Their importance has received
increased attention in recent years. The FelineVMA (for-
merly American Association of Feline Practitioners), for
example, ‘supports the humane management of free-roam-
ing cats’ in part because the organization recognizes the
importance of ‘free-roaming cat caregivers and their
human-animal bond’."* This special bond, too, is receiv-
ing increased attention, with researchers documenting
‘levels of attachment... nearly identical to those previously
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reported by cat owners’ in the US'™ and the ‘negative
impacts on caregiver psychological health and quality of
life’ following an unannounced culling (via shooting) of
community cats in New South Wales, Australia."

The first large US city to embrace TNR as a funda-
mental part of its approach to animal sheltering was
Jacksonville, Florida, in 2008, where the program was
called ‘Feral Freedom’.!® Return-to-field (RTF), as these
programs are known more generally, has been described
as ‘an idea so big, and so effective, that it would come
to transform the world of shelters’.!” In 2010, San José
[California] Animal Care and Services implemented an
RTF program and documented a 29.1% decrease in the
admissions of cats and kittens over the first 4 years.'

For many US shelters, the majority of feline admissions
are classified as ‘strays’.!*? Historically, many of these
cats were euthanized despite being in good health.”! The
implementation of RTF programs has proved effective for
reducing the euthanasia of healthy cats,”*? reducing nui-
sance behaviors associated with intact cats, and encourag-
ing cooperation between caregivers and shelter staff.?” In
addition, a recent study suggests that these programs can
also be quite effective at reuniting lost pet cats with their
owners.”® A survey of Florida shelters admitting 200 or
more cats during 2019 found that 30% had RTF programs
and 50% had TNR programs.”

It is not unusual for RTF programs to proceed with the
sterilization, vaccination, and return of cats without any
direct knowledge of caregivers associated with specific cats.
Instead, they rely on the general health of the cats as a sign
that they are receiving sufficient care. Multiple studies of
large-scale RTF and TNR programs have revealed rates of
euthanasia for serious health concerns of 0.5% or less,?26-3
while others have documented body condition scores
(BCS) consistent with good overall health.*3> Nevertheless,
concerns over the health and welfare of RTF cats persist,
prompting some to sue the San Diego Humane Society
(SDHS) over the organization’s RTF program,*3* which,
the plaintiffs argued, involved ‘dumping friendly, adopt-
able cats on the streets’.’ SDHS, which prevailed after
revising its program slightly, referred to the program as an
‘evidence-based, expert-endorsed, lifesaving approach to
community cats’, noting that the ruling allowed the orga-
nization ‘to continue providing critical medical care, spay/
neuter and safe return for unowned cats while reserving
shelter space for animals who truly need it’.%

The objective of this study was to quantify the extent of
the community cat ‘caregiver network’ by applying a geospa-
tial analysis to a large set of cat and caregiver location data.

Methods

For this retrospective observational study, we analyzed cat
and caregiver location data using records obtained from a
TNR provider, as described in detail next.

Study site
Jefferson County is located along the western edge of
Kentucky, in the eastern south-central region of the United
States (Fig. 1). With an estimated population of 773,399
and 986 km? of land area,’ it is the most densely popu-
lated county within the state and is typical of moderately
sized metropolitan communities throughout the country.
Human population density is highest in the urban center
of Louisville, with lower densities in the outlying subur-
ban parts of the county. We selected Jefferson County for
this study in part because of its widespread use of TNR as
the official approach for managing free-roaming cats, as
stipulated by ordinance. This ordinance, enacted in 2012,
covers all of Jefferson County, which has a unified govern-
ment that includes Louisville and its outlying suburbs.?
The non-profit organization Alley Cat Advocates
(ACA) provides sterilization, vaccination, and ear-tipping
for community cats brought by residents to their veteri-
nary clinic, located in Louisville. With few exceptions (e.g.
the demolition and redevelopment of the site where a cat
was originally captured), these cats are returned to where
they were trapped. Under agreement with the county,
ACA provides the same services for cats entering local
shelters as strays lacking identification; as with the cats
brought to ACA by residents, the vast majority of these
cats are returned to where they were trapped. Jefferson
County has been the site of three previous studies of
community cats, the first of which focused on increased
lifesaving at Louisville Metro Animal Services following
the implementation of intensive RTF and TNR efforts.*
The second study focused on caregivers’ attachment
levels'* and the third on the public health benefits associ-
ated with TNR.%

Cat and caregiver data

We used data obtained from ACA for the period January
2020 through April 2023, which represents the period for
which ACA had the highest level of confidence in the accu-
racy and completeness of their records. The data include
the approximate age of each cat at the time of surgery,
sex, trapping locations, and, where available, caregiver
locations (i.e. exact street addresses). For the purposes of
this study, the term ‘caregiver’ is used broadly, referring to
any individual who provides any level of care for commu-
nity cats, from food and water to TNR services to ongo-
ing colony management. Cats trapped at the same address
were aggregated into colonies for efficiency in geocoding
and mapping; however, mesh analyses (described next)
were based on the locations of individual cats.

To quantify the extent of the caregiver network, we
used two sets of cat and caregiver location data. The first
set of cat location data corresponds to cats brought by
their caregivers (or a trapper representing the caregiver) to
ACA for TNR (hereafter ‘ACA cats’); caregiver data were
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Fig 1. Study area: Jefferson County, Kentucky, in the United States.

obtained from ACA’s caregiver records for each of these
cats. The second set of cat location data corresponds to
cats entering the TNR program through municipal shel-
ters and for whom ACA provides sterilization, vaccina-
tion, and additional medical care as necessary (hereafter
‘shelter strays’). Since our dataset did not include care-
giver location for these cats, we used data obtained from
past surveys of feeders to estimate the density of Jefferson
County’s theoretical caregiver network (explained in
greater detail next).

Data cleaning

The data were cleaned to include only cats and caretak-
ers who were located within the geographic boundaries
of Jefferson County, as these data were considered more
complete than data from the outlying counties included
in the initial dataset obtained from ACA. Cat and care-
giver location data were included only if addresses were
suitable for geocoding. Five records were removed due to
having addresses that did not return accurate geocoding.

Cat and caregiver locations were geocoded to point-level
locations of the street address. Addresses that included
apartment numbers or differentiated only by lot num-
ber in a mobile home community were geocoded to the
point-location of the main street address. The data were
aggregated on the street address and the total number of
cats at any street address location was used as a new vari-
able for colony size. The data were also deduplicated with
regard to the caregiver address to obtain a list of unique
caregiver addresses.

All data cleaning and analysis were completed using R
version 4.5.2; all mapping and geospatial analysis were
done using ESRI’s ArcGIS Online (AGOL) platform. The
research was determined to be exempt from IRB review
by Arkansas State University.

Data analysis

Each caregiver network was based on the distances
between cats and the residents known (empirical network)
or assumed (theoretical network) to be providing, at a
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minimum, food. All geospatial analyses were completed in
AGOL using the Find Nearest function. The Ohio River
was set as a barrier so that no measurements crossed the
river, and there was no limit set for cats’ maximum travel
distance. AGOL’s Find Nearest function returns the near-
est locations and distance between the two feature layer
locations, measured as a Euclidean straight-line distance.
For distances where there was a tie (i.e. distance one and
two were the same, generally the case only in multihousing
units), the same distance was used for both the nearest
and second nearest caregiver variables). Once complete,
the new feature layer was extracted from AGOL for addi-
tional analysis.

Descriptive statistics were calculated for colony size
and the distances to the nearest and second nearest care-
givers. These distances were calculated two ways: (1)
considering each cat’s location as an independent point,
and (2) considering each colony location as an indepen-
dent point (regardless of how many cats were known to
be at this location). Colony size was calculated by count-
ing the number of cats from each address. (This variable
represents only the cats known to be from a particular
location during the study period and does not necessarily
represent all cats at a particular location.) Colony sizes are
reported for each group and in aggregate; distances to the
nearest and second nearest caregivers are also reported.

For ACA cats, the network mesh densities are based on
two known distances: (1) between each cat’s location and
their caregiver, and (2) between each cat’s location and
the second nearest known caregiver. The nearest caregiver
was the cat’s caregiver of record; the second nearest care-
giver was the caregiver nearest the cat’s location not iden-
tified as the caregiver of record.

For shelter strays, the network mesh is assumed to be
similar; however, the distances between cats and caregiv-
ers are unknown since caregiver location data was unavail-
able. Cat location data included both ACA cats and shelter
strays. Cat locations were aggregated and deduplicated,
as some locations included both ACA cats and shelter
strays. We used data obtained from past feeder surveys to
identify 3 potential proportions of residents that would
be expected to care for community cats: 5, 20 and 30% of
households.*! A 1999 survey of Alachua County, Florida,
residents found that 12% of households — including 14%
of pet-owning households, and 17% of cat owners — fed
unowned free-roaming cats.* A 2005 survey of Santa
Clara County, California, found a lower rate among resi-
dents of that community: 7%.* However, national surveys
by the American Pet Products Association have reported
rates more in line with those from Alachua County:
14-17% of pet owners cared for free-roaming cats.*4
More recently, a 2021 survey of seven US communities
found that ‘an average of 30% of people feed community
cats’.*! These values formed the underpinnings of a mesh

of theoretical caregiver locations distributed throughout
the county, with 5% being a conservative lower bound,
30% an upper bound, and 20% an intermediate estimate.

Theoretical caregiver network

US Census data from 2020 was used to determine the
physical size of each census tract in Jefferson County,
as well as the total number of households in each tract
where cats were known to be located (again, based on
ACA records). An equation was derived to calculate the
expected maximum distance between any point (i.e. cat
location) and the nearest theoretical caregiver. This equa-
tion was used to estimate the area associated with each
household lot and the number of lots that would have to
be traversed to locate a theoretical caregiver. These values
were then compared to two home range values from the
literature: 2 ha* and 5 ha.¥

D= A |10 x1,609.34
HN\ C

where D = the maximum distance from a cat to a theoret-
ical caregiver in a given census tract (in meters):

A = the area of the census tract (in square miles);

H = the number of households within a given census
tract; and

C = the percentage of households considered theoret-
ical caregivers.

The equation was derived as follows:

*  Household lot area: Divide the total census tract area
(A, obtained using data available in AGOL from the
US Census Bureau) by the number of households
(H, also obtained via AGOL) to calculate the aver-
age land area per household: A/H (square miles per
household).

* Inter-household linear spacing: Take the square root
of the household lot area to convert two-dimensional
surface area into one-dimensional linear distance
between adjacent household centers: /(A/H) (miles
between neighboring homes).

e Caregiver traversal distance: Divide 100 by the
theoretical caregiver percentage (C) to determine
how many household lots must be traversed to
reach a theoretical caregiver (e.g. C = 20% means
100/20 = 5 lots).

e Unit conversion to meters: Multiply the cumulative
linear distance in miles by the standard conversion fac-
tor 1,609.34 to yield the maximum distance in meters.

This part of our analysis relies on some key assumptions
(Fig. 2). Firstly, all households and theoretical caregiv-
ers are assumed to be evenly distributed across space;
secondly, the mesh is ‘mobile’ such that the caregiver will
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Core model assumptions

e Homogeneous/uniform spatial grid: All
households within a census tract are assumed to
be spread evenly across a uniform 2-dimensional
square grid with identical lot dimensions.

* Mobile mesh, farthest-point positioning: The
model evaluates a “mobile mesh,” a scenario
whereby a cat’s location is situated at the
maximum possible theoretical boundary distance
relative to atheoretical caregiver, thereby requiring
maximum travel distance.

* Even theoretical caregiver distribution: Caregiver
households are assumed to be distributed
homogeneously across the population grid (e.g.
exactly 1 out of every 5 homes when C = 20%)
rather than clustered in specific blocks or
sub-regions.

e Straight-line (Euclidean) traversal: Distances are
calculated along direct linear pathways between
household centers, without accounting for physical
barriers (e.g. fences, roads, terrain) or road
network routing.

Fig 2. Schematic illustrating the assumptions underlying a cat’s travel distance in our theoretical caregiver network (e.g. 20% of

households being theoretical caregivers).

always be at the farthest possible point from the cat’s
location. In order to test the impacts of this assump-
tion, we estimated the proportion of households occu-
pied by residents known to have brought cats to ACA
for TNR during the study period. Using the equation
above, a mesh corresponding to this proportion was cre-
ated. The distances to each cat’s nearest theoretical care-
giver were calculated two ways: (1) considering each cat’s
location as an independent point and (2) considering
each colony location as an independent point (regard-
less of how many cats were known to be at this loca-
tion). This was done to determine the extent to which
our results might be affected by colony-size skew being
concentrated in particular census tracts. These distances
were then compared to those associated with the nearest
known caregivers (as described above), for both ACA
and shelter cats.

It is important to note that this analysis rests on the
interpretation of data derived from Minimum Convex
Polygon areas, conceptualized as circles (for simplicity) to
derive a corresponding radius. Given the irregular shape
of most home range visualizations found in the litera-
ture,>®4 it is likely that this would tend to underestimate
cats’ home range size given the unidirectional bias in the
home range polygons, thereby leading to conservative
distance estimates.

Results

After cleaning, a total of 22,521 cat records were entered
into the analysis. The results of the empirical caregiver
analysis showed that, for ACA cats, the median distance
to a cat’s nearest caregiver other than their caregiver of
record was 235 meters. For shelter strays, the median dis-
tance to the nearest known caregiver was 246 meters; the
median distance to the second nearest known caregiver
was 409 meters (Table 1 and Fig. 3).

Tuble 1. Count of cats, colony sizes, and distances from cats to the
first and second nearest caregiver locations

Metric Statistic ACA cats Shelter strays
Cat/caregiver data
Caregivers Count 1,947 N/A
Cats Count 14,685 7,836
Colonies Count 2,510 2,539
Colony size Minimum | |
Maximum 102 50
Mean 5.9 3.1
Median 4 2
Std deviation 7.3 4.1
Model results
Nearest caregiver (m)
Minimum 0 0
Maximum 5,259 5,371
Mean 26 511
Median 0 246
Std deviation 184 721
Second nearest caregiver (m)
Minimum 0 0
Maximum 18,448 7,943
Mean 604 809
Median 235 409
Std deviation 1,211 1,003

The median of 0 m is the result of the cat’s location and the location
of the nearest food source being essentially the same for ACA cats.
ACA:Alley Cat Advocates.

The results of the theoretical caregiver analysis are
presented two ways, reflecting the different analyses
described previously. When each cat’s location is consid-
ered an independent point, our results showed that, if
5% of Jefferson County’s households are caregivers, less
than 3% of community cats had a theoretical caregiver
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Fig. 3. Distances to nearest (A) and second nearest (B) caregiver locations for ACA cats, as well as nearest (C) and second nearest
(D) caregiver locations for shelter strays. Note that no data is shown for (A) because of the very low values (Table 1). Upper and
lower bounds of boxes represent 75th and 25th percentiles, respectively, with the horizontal line representing medians. Whiskers
represent the maximum and minimum data points within the limits set by 1.5 X IQR above the 75th percentile minimum and
below the 25th. ACA: Alley Cat Advocates; IQR: interquartile range.

within a 5-ha range. However, if the theoretical caregiver
mesh density is 20%, then 66.7% of cats had a theoreti-
cal caregiver within a 5-ha range; that figure increases to
78.6% if the mesh density is 30% (Table 2). Aggregating
cat locations such that each colony is considered an inde-
pendent point changes the results only slightly. If 5% of
Jefferson County’s households are caregivers under this
scenario, less than 4% of community cats had a theoret-
ical caregiver within a 5-ha range. However, if the theo-
retical caregiver mesh density is 20%, then 70.4% of cats
had a theoretical caregiver within a 5-ha range; that figure
increases to 80.9% if the mesh density is 30% (Table 2).

Testing the assumption of caregivers being evenly dis-
tributed throughout Jefferson County resulted in an esti-
mated 0.06% of households providing care for community
cats. Under this assumption, the estimated distance from
each ACA cat to their theoretical caregiver was 3.2 times
greater than the observed distance, and the estimated
distance from each stray cat was 3.0 times greater than
the observed distance (comparing median estimates to
median observed values). These results indicate that the
assumption of equal distribution across space in the the-
oretical mesh analysis provides conservative estimates
(i.e. would tend to overestimate the distance to the near-
est theoretical caregiver). This is likely because cats and
caregivers are not, in fact, evenly distributed over space,
but instead are clustered in certain areas within the study
area. This leads to a modifiable aerial unit problem* when
using generalized percentages of theoretical caregivers
over larger geographic areas.

Discussion
The objective of this study was to quantify the extent of
the caregiver network by applying a geospatial analysis

to a large set of cat and caregiver location data. This pro-
vides a novel and practical contribution to the ongoing
conversation around the care of community cats, particu-
larly those included in RTF and TNR programs. By ana-
lyzing both empirical and theoretical proximity between
free-roaming cats and known or theoretical caregivers, we
have developed a quantifiable framework for understand-
ing the community cat network in an urban and suburban
environment. This work helps to fill a critical knowledge
gap that often underlies hesitation about, or opposition
to, RTF and TNR programs: the fear that cats released
without a documented caregiver will suffer from lack of
basic care.

Our findings demonstrate that, in Jefferson County,
most community cats, whether or not a caregiver was
identified in ACA’s records, are located within distances
that are reasonably consistent with well-documented
feline home ranges and foraging behavior in urban and
suburban environments (Fig. 4). Previous research has
shown that it is not uncommon for new (often intact) cats
to join even well managed colonies.>*%152 Unfortunately,
these studies have not documented the circumstances
that result in such ‘new arrivals’. Researchers observing
cats in the Israeli city of Rishon LeZion have suggested
that ‘a reduction of competitive behavior by neutered
cats... may enable other cats to gain additional access
to vital resources’.>® Intact cats, and especially males, are
likely to be roaming in search of mates.*” For sterilized
cats, though, food would seem to be the primary moti-
vation. Most research investigating the home range of
free-roaming cats has separated results into two catego-
ries: sterilized cats with access to plentiful resources and
intact cats with more precarious resource access,>#6:47:49:54.55
These studies tell us little about the distances a sterilized
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Table 2. Descriptive statistics of the distances from the nearest theoretical caretaker as a function of estimated cat home ranges for 3 theoretical
network densities

Basis for distance estimates Statistic Share of census tract households providing care for outdoor cats (%)

5 20 30

Cat locations (N = 22,521)

Mean (m) 251.2 125.6 102.6
Median (m) 201.5 100.8 82.3
IQR 119.7 59.8 48.9
Count (percentage) of cats at or below 637 (2.8) 15,022 (66.7) 17,709 (78.6)
126-meter benchmark

Count (percentage) of cats at or below 0 (0%) 4,659 (20.7) 10,733 (47.7)

80-meter benchmark
Colony locations (N = 3,738)

Mean (m) 243.08 121.54 99.24
Median (m) 196.03 98.01 80.03
IQR 115.98 57.99 47.35
Count (percentage) of cats at or below 140 (3.8) 2,630 (70.4) 3,024 (80.9)
126-meter benchmark

Count (percentage) of cats at or below 0 (0%) 852 (22.8) 1,832 (49.0)

80-meter benchmark

IQR:interquartile range.
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Fig. 4. Map depicting known cat locations (nodes) and known caregiver locations (solid dots) across part of the study site.
Note that multiple cats are associated with some nodes. Lines depict distances between nodes and known caregivers.

colony cat will travel if resources that were once plentiful Horn et al.,’® for example, documented a median
are no longer available. Nevertheless, their results can at home range of 34.3 ha (95% minimum convex polygon
least provide a rough baseline against which to compare [MCP], equivalent radius: 330 m) for 16 unowned cats
our results. (14 of whom were intact, none of whom ‘behaved as
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if associated with dwellings’) trapped on the University
of Illinois South Farms. The median home range of 11
owned cats (all sterilized) included in the same study
was 0.4 ha (95% MCP, equivalent radius: 37 m).*
Analyzing data from 875 cats (nearly all of whom were
sterilized pets), Kays et al.¥’ documented a median
home range of 2.0 ha (95% MCP, equivalent radius:
80 m). Schmidt et al.*® documented a mean home range
of 1.6 ha (100% MCP, equivalent radius: 71 m) among
owned cats (n = 9, all sterilized) and 14.7 ha (100% MCP,
equivalent radius: 216 m) among ‘feral’ cats (n = 14, all
intact). The mean home range of 15 ‘semi-feral’ cats (at
least 14 of which were intact, all were unowned but fed
by residents) was 3.3 ha (100% MCP, equivalent radius:
102 m). Although these equivalent radii are generally
smaller than our model results for the nearest (shelter
strays) or second nearest (ACA cats and shelter strays)
caregiver distances, the discrepancies are hardly so large
as to be insurmountable. The extensive home ranges typ-
ically associated with intact cats make clear that they are
capable of travel distances far larger than those implied
by our model estimates. Based on years of careful obser-
vation, Nutter’ observed that ‘emigrating cats, whether
intact or neutered, can join existing colonies’, a phenome-
non we have seen firsthand as caregivers.

Importantly, our theoretical modeling corroborates
and expands upon the findings of the empirical model.
When applying various theoretical caregiver densities
based on prior survey data,’** 4 we found that even
a relatively conservative estimate of 20% of households
providing care for outdoor cats would result in 66.7% of
known cat locations being within 126 meters of a theo-
retical caregiver, and 20.7% within 80 meters (distances
derived from literature describing the home range of
free-roaming cats,***’ as observed previously). At a 30%
caregiver density, those numbers rise to 78.6% and 47.7%,
respectively. Interestingly, whether we considered cat loca-
tions or colony locations as independent points made lit-
tle difference in these results.

We performed an additional test by comparing these
findings to those from the empirical caregiver network,
which indicated that the theoretical model — which
assumed that theoretical caregivers were uniformly
distributed over the study area — overestimated travel dis-
tances by a factor of approximately 3. This suggests that
real-world caregiving tends to be more concentrated and
accessible than the uniform distribution model assumes.

Observations on the general health of free-roaming cats

The robustness of both caregiver networks might help
explain the general health of TNR cats, as documented
in numerous studies. A study of a 2-year TNR program
(2,366 cats total) in Alachua County, Florida, for exam-
ple, reported that ‘euthanasia was performed for 11

(0.5%) debilitated cats’,” while a similar study of 6 3-year,
shelter-based TNR/RTF programs (involving a total of
72,970 cats) found that just 0.5% (349 cats) were eutha-
nized for serious health concerns.® A survey of 7 large-
scale TNR organizations across the US revealed similar
results: 0.4% (range: 0.03-0.7%) of the 103,643 cats for
which records were available were euthanized ‘because of
the presence of debilitating conditions, such as neoplasia,
chronic inflammatory conditions, trauma, and infectious
diseases’ observed during routine examinations.*

BCS, based on a 9-point scale ranging from 1 (emaci-
ated) to 5 (ideal) to 9 (grossly obese), has also been used
to assess the general health of TNR cats. Scores for 63
intact adult cats brought by caregivers to a TNR clinic in
Alachua County ranged from 3 to 7 (medians varied sea-
sonally at 4 or 5). A year following sterilization, median
BCS for 14 of the study’s original cats had increased to
6.3! Observations of cats in Auckland, New Zealand,
revealed that 64% of both ‘managed stray’ (i.e. with
known caregivers, 210 cats total) and ‘unmanaged stray’
cats (i.e. without known caregivers, 253 total) received an
ideal BCS (compared to 76% of indoor-outdoor pet cats).
Scores were also assigned to coat condition, nose and eye
discharge, ear crusting, and injuries, with the result that
scores for stray cats were comparable to those for pet cats
in all categories except coat condition.?

Implications for RTF and TNR programs

Our findings have critical implications for animal shelters,
municipal agencies, and policymakers evaluating the use
of RTF or TNR programs. One of the most persistent cri-
tiques of these programs is the claim that returning cats to
their original location, particularly without a known care-
giver, places the animals at unacceptable risk. Our study
directly addresses this concern by demonstrating that in
a well-established TNR community with robust caregiver
participation, most cats, whether previously documented
or not, are likely to be within a short distance of anthro-
pogenic support. In this context, returning healthy cats to
where they were found is not ‘dumping friendly, adoptable
cats on the streets,” as some have suggested; rather, the
practice reflects an evidence-based assessment that care-
giving resources are present and accessible.

For shelters that are reluctant to pursue or expand RTF
or TNR due to perceived gaps in care, our findings offer
an empirical counterpoint. In densely populated urban
and suburban environments, especially those with exist-
ing TNR infrastructure, the presence of informal caregiv-
ing networks appears to be extensive enough to serve as a
buffer, providing food — and in many instances, water and
shelter — to free-roaming cats. These networks are often
difficult to document in traditional shelter databases, yet
they appear to play a critical and underappreciated role in
animal welfare. The caregiver network concept developed
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in this study provides a method for visualizing and quan-
tifying this support system, helping shelters make more
informed, context-specific decisions about returning
cats to where they were found following sterilization and
vaccination.

Furthermore, our findings support the growing body
of literature suggesting that anthropogenic food sources
reduce predation pressure on wildlife by altering cats’
foraging behaviors.®®¥ Thus, returning cats to areas
where caregiving is likely not only improves outcomes for
individual animals but may also have broader ecological
benefits.

‘We also note that the duration of caregiver commitment
may extend beyond the timeframe captured in this dataset
(January 2020 to April 2023). Previous survey research!4%
has shown that many caregivers provide support to cats
for several years, if not decades. This implies that the care-
giver network described here is not only spatially dense
but likely to be temporally stable, which further strength-
ens the case for RTF and TNR as viable, humane, and
sustainable programs for managing free-roaming cats.

Limitations
This study does have limitations. Firstly, the sample of
ACA caregivers and ‘stray’ cats from a single municipal
shelter is, almost certainly, not representative of caregiv-
ers and shelters more generally; nor is Jefferson County
representative of US communities more generally. Not
all communities enjoy Jefferson County’s access to spay/
neuter services, extensive caregiver network, or close col-
laboration between municipal shelter and TNR service
provider. In addition, the study represents a snapshot in
time. While we controlled for spatial accuracy and consis-
tency, we cannot determine the extent to which caregivers
stopped providing care during the study period (e.g. hav-
ing moved away) or the extent to which new caregivers
emerged. However, previous research found nearly two-
thirds of ACA caregivers (64.6%) have been caring for
community cats for at least 5 years,' well in excess of this
study’s 40-month period. This suggests that our findings
are robust despite some (unknown) rate of caregiver turn-
over. In addition, our dataset includes only those care-
givers who interacted with ACA, which almost certainly
underrepresents the broader caregiving network. Indeed,
many individuals may provide intermittent or informal
care for cats without ever engaging with TNR programs,
as has been observed in previous studies.* 42444557

Our models included the Ohio River as a physical barrier
to caregiver proximity, other structural and environmen-
tal features (e.g. highways, railroads, or large commercial
zones) may pose real, albeit unmeasured, impediments to cat
movement. We also acknowledge that Euclidean distance
does not account for route feasibility, elevation, fencing, or
other constraints that could influence actual travel paths.

Cats in space

In addition, much of our analysis treated cat locations as
independent despite cats often congregating in groups.

Moreover, our theoretical modeling assumed an even
distribution of theoretical caregivers across space, which
oversimplifies reality. In addition, our identification of
second nearest caregivers is based primarily on proximity,
along with reasonable assumptions of caregiver density
drawn from the literature; we do not know the level of
care that might be provided by such individuals. In other
words, we cannot assume that these are ‘backup care-
givers’. That said, our testing of the model using known
caregiver locations suggests that this assumption leads
to overestimation of distance to theoretical caregivers —
meaning that our estimates err on the side of caution.

And finally, it is worth noting that the uniform-
distribution assumption might overestimate distances rel-
ative to the observed pattern among ACA cats, whereas
Euclidean distance may underestimate the actual travel
distance required because it does not account for route
feasibility or physical barriers. Because these effects oper-
ate in opposite directions, the net direction and magnitude
of the related biases are uncertain.

Conclusion

Our results suggest that most cats in Jefferson County are
located within distances that are reasonably consistent
with well-documented feline home ranges and foraging
behavior in urban and suburban environments. The gen-
eral availability of resources revealed by these findings
might help explain the results of previous research (and
considerable anecdotal evidence) documenting the good
general health of community cats.
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