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Demographic differences
between urban feeding groups of neutered
and sexually intact free-roaming cats
following a trap-neuter-return procedure
Idit Gunther, dvm; Hilit Finkler, msc; Joseph Terkel, phd
Objective—To examine demographic differences during a 1-year observational period between urban feeding groups of neutered and unneutered free-roaming cats following a
trap-neuter-return procedure.
Design—Natural-setting trial.
Animals—Free-roaming adult cats (n = 184) and kittens (76) living in 4 feeding groups in an
urban region of Israel.
Procedures—Cats in 2 feeding groups were subjected to a trap-neuter-return (TNR) procedure. Cats in 2 other feeding groups were untreated. Data were collected on a weekly basis
before and during feeding time over a 1-year period. Following individual cat identification,
presence of adults and kittens was recorded throughout the year. Rates of immigration,
emigration, and kitten survival were compared between neutered and unneutered groups.
Results—The number of adult cats in the 2 neutered groups increased significantly during
the study period because of higher immigration and lower emigration rates than in the unneutered groups, in which the number decreased. In the neutered groups, annual presence
of neutered cats was significantly higher than that of sexually intact cats. Kitten survival in
the neutered groups was significantly higher than in the unneutered groups.
Conclusions and Clinical Relevance—Targeting the TNR method mainly at feeding groups
in urban residential neighbourhoods may result in increased group size, as a consequence
of 2 major changes in group dynamics: sexually intact cats immigrate into the neutered
groups more readily and neutered cats reduce their emigration rates, possibly because
of a reduction in reproductive and competitive pressures. To maintain a high proportion of
neutered cats in such cat groups, persistent TNR campaigns are therefore necessary. (J Am
Vet Med Assoc 2011;238:1134–1140)
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programs, are gradually replacing or adding to prior attempts at eradication in many western countries.
To date, only a few studies have been conducted to
investigate the effects of neutering on the size of freeroaming cat populations and the extent of the associated
nuisances. Although findings of some studiesa,b suggest
that the cat population size increases after neutering,
others suggest it decreases10–12,c or stabilizes.d Most of
these studies were performed in fairly secluded areas,
such as rural neighborhoods,c hospitals, or campus
grounds,11,13,14 and, in studies10,a involving more urban
locations, in parks. Cat populations living in a contiguous urban area will vary greatly from those inhabiting
secluded areas. An urban cat population is expected to
have a higher turnover because of higher rates of immigration and emigration as well as a higher density.12,15
Therefore, as opposed to the effect of TNR on the size
of secluded cat feeding groups, its effect on urban cat
feeding groups is strongly influenced by the surrounding cat populations rather than by the changes within
the groups.

n an urban setting, free-roaming cats usually have access
to clumped food resources (eg, garbage cans or feeding
sites), and humans control the distribution and availability of those resources.1 Such cats typically live in groups,2–4
which are often referred to as cat feeding groups.4–6
The continuous abandonment of pet cats to city
streets, the high fecundity of stray cats, and the widespread availability of vital resources (ie, food, water,
and shelter) have enabled free-roaming domestic cat
populations to reach densities as high as 1,000 to 2,500
cats/km² in urban environments.1 These high densities,
combined in many situations with a lack of proper diet
and medical care, impair the cats’ welfare4,7–9 and create
a public nuisance in that the cats can transmit zoonotic
diseases, vocalize loudly, and produce unwanted stray
kittens.1 Consequently, managing stray cat populations and resolving specific nuisances have become a
necessity. Fertility control methods, particularly TNR
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Materials and Methods

streets, backyards, and shelter spaces, facilitates the
movement of cats from one place to another.
In all 4 groups, feeding had been performed by cat
caretakers at least once a day for several years before
the beginning of the study. Because of the long distances between study group sites (7.6 km between A and B,
3.3 km between C and D, and 10 to 14.3 km between
both A and B and both C and D) and heavily trafficked
roads separating the study group neighborhoods, no
immigration of cats between groups was possible. In
group A, food was delivered as 1 large pile every morning. In group B, food was delivered in individual portions to each cat every morning. In group C, food was
delivered in 2 to 3 bowls every evening. In group D,
food was delivered in 3 to 5 bowls every morning.
Cats in groups A and B were trapped, taken to a veterinary clinic, neutered, vaccinated against rabies, and
returned to their site of capture (after 24 hours of recovery in the clinic). Females underwent ovariohysterectomy via a flank approach, and males underwent regular castration. While anesthetized, the tip of each cat’s
left ear was removed to indicate it had been neutered.24
Much effort was required to achieve maximal trapping
rates of these free-roaming cats,c many of which were
untamed. Therefore, with the assistance of the municipal veterinary services, TNR procedures were initiated
a few months prior to onset of the study observational
period and ended up to 2 months into the observation
period. During the time of the TNR procedures in the
feeding groups, an intensive TNR campaign was also
conducted in the surrounding neighborhoods of groups
A and B.
Cats in groups C and D were neither captured nor
treated in any manner. Neither the municipal authorities nor the cat caretakers conducted any management
campaign within a radius of 4.7 km around groups C
and D before or during the study period.
All cats were characterized as belonging to 1 of 2
age categories: kittens (≤ 6 months old) and adults (> 6
months old). Cats older than 6 months are referred to as
adults rather than juveniles25,d in this report because females can go through puberty and experience their first
estrus as early as 5 months of age, and in free-roaming
cats, this can occur even earlier.26

Cats and setting—For participation in the study,
free-roaming cat groups were required to have regular
and fixed feeding hours and a habitat representative of
a typical feeding group site in the urban environment in
Israel. All locations at each study site had to be accessible to investigators to facilitate observations.
Four defined cat feeding groups were selected (A,
B, C, and D) and monitored from October 1999 to October 2000. All groups were situated in residential neighborhoods in the area of the Tel-Aviv metropolis known
as Gush Dan, which is a relatively small continuous
urban environment. Each neighborhood had similar
weather characteristics, human populations (4,900 to
5,200 residents/km2),23 and free-roaming cat densities.
Two of the groups (A and D) were located in quieter
neighborhoods with private houses, whereas the other
2 groups (B and C) were located in neighborhoods with
apartment buildings. In all 4 neighborhoods, the urban
environment, characterized by low traffic, many small

Data collection—During the month prior to beginning data collection, cats were individually identified
at each feeding group by direct observation or by use
of binoculars. The identification process included photographing the cats and recording specific details,27–29,a
including sex, estimated age, body size, length and pattern of hair coat, date of neutering, and other characteristics such as eye color or any deformities. Sex and
neuter status were defined by the presence of testes in
sexually intact males, the scrotum in neutered males,
enlarged mammary glands of lactating queens, enlarged
cheek glands in males, and the overall body size (males
are usually larger than females).15,28 For the purpose of
data recording, each cat was assigned a specific number
and its picture and number were placed in an album
prepared for each group.
On the basis of results of preliminary observations
of feeding duration in group A, a duration of 160 minutes was initially chosen as the observation period for
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In Israel, which has a hot climate and large urban
areas abundant in vital resources available for freeroaming cats, such cat populations can reach densities
as high as 2,300 to 2,800 cats/km2, as was found in Jerusalem in 1989 through 1990.15 In contrast to the legal restrictions on dogs in Israel, cats are permitted to
roam freely and need no individual identification such
as tags or electronic chips. Many of these cats live in
poor conditions9: their diet is based on food leftovers
and refuse or food provided by feeders, they rarely
receive any medical care and thus develop many infectious diseases8,16–20 (eg, FIV or FeLV), and they are
commonly hit by cars, abused by people, or bitten by
dogs.1,8,20,e While battling for survival, these cats nonetheless still manage to reproduce, becoming a growing
public health concern. This is reflected not only in their
potential as a vector for zoonotic diseases21,22 but also
in their tendency to enter restaurant or hotel kitchens,
kindergartens, army facilities, and other public places.
In the last decade, there has been increasing public
pressure for change in the free-roaming cats’ situation.
One of the achievements resulting from such pressure
was a ruling by the Israeli Supreme Court that any eradication method carried out without proof of the animal
constituting a true hazard to public health is illegal.f
Consequently, today, the only routinely applied method
of regulating cat populations in Israel is that of TNR.
Because, in most situations, the TNR method is applied following a caretaker’s request, and because trapping feral cats that are not accustomed to being handled
is challenging,c most TNR procedures are conducted at
feeding group sites rather than in the surrounding area.
Similar to the situation in other countries, it remains
unclear as to whether TNR programs in Israel are succeeding in reducing cat numbers and the associated
nuisances. This uncertainty is valid even in cities such
as Tel Aviv, where approximately 40,000 free-roaming
cats have been neutered since 1994.g The purpose of the
study reported here was to examine demographic differences during a 1-year observational period between
urban feeding groups of neutered and unneutered freeroaming cats following a TNR procedure.
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all groups. However, after the study began, it became apparent that 3 of the 4 study groups did not require such
a long observation period. Accordingly, the duration
of subsequent observations was group specific, ranging usually between 30 and 100 minutes but no longer
than 160 minutes. The study started with 5 to 7 weeks
of observations performed 2 to 3 times/wk (15 initial
observation points), followed by 8 months of once-aweek observations and, at the end of the 8-month period, another 5 to 7 weeks of observations performed 2
to 3 times/wk (15 final observation points). The purpose of the initial and final 15 observation periods was
to obtain data regarding group size at the beginning
and end of the study. Each observation began when
the cats started to gather at the feeding site before the
feeder initiated food delivery and ended when only a
few cats at most were still eating. A cat was counted
as present if it arrived at any time during the observation period.
Cat categorization—Cats in all 4 groups were
categorized as residents, transients, immigrants, or
emigrants. Resident was defined as a cat seen at > 4
observation points but that did not immigrate into or
emigrate out of its feeding group. Transient was defined
as a cat that was observed < 4 times at the study site.
Immigrant was defined as an adult cat that did not appear at the study site until after the first 15 observations
had been made and then continued to be seen later in
the study period for > 4 observation points. Emigrant
was defined as an adult cat that was present at the study
site at the first 15 observation points but was never seen
again throughout the last 15 observation points.
Surviving kittens were defined as cats first seen as
kittens at the study sites that reached the age of approximately 6 months. Most kittens that did not reach
6 months of age had disappeared from the study site
and were presumed dead.c
Statistical analysis—Statistical analysis was performed by use of a statistical software package.h
To determine whether any changes in numbers of
adult cats had occurred during the study period, linear regression analysis was used to test the number of
adult cats as a function of time for each of the 4 feeding
groups separately. To evaluate the effect of neutering
on the annual presence rate of the adult cats, the ratio
of the number of observations at which each cat was
present in each group was divided by the total number of observations made, which yielded the percentage of observations in which each cat was present. After
square-root and arcsine transformation of these data, a
2-way ANOVA (sex and neuter status) was performed
for groups A and B separately. The ANOVA could not
be performed for groups C and D because those groups
had only 1 neutered cat in each.
For analysis of population dynamics, a χ2 test was
used to compare proportions of immigrants and emigrants (with the denominator being the number of cats
seen in > 4 observations) between the feeding groups.
To test the difference in survival rates between kittens
from groups A and B combined and C and D combined,
the Kaplan-Meier product limit estimate of the survivor
function estimate was used. To examine stability of ap1136
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pearance (consistency of appearance) of the adult cats
in all groups, the percentage of adult cats at each observation point that had been present in the previous observation was calculated. For example, for observation
point 3, the number of cats at that point that were also
present at observation point 2 (nominator) was divided
by the number of cats present at observation point 2
(denominator). For the first 15 observation points, the
presence of cats was pooled into 1 observation for this
computation (ie, for consistency of appearance) and
from then on calculated for each observation.
Results
Cats—At the beginning of the study, after the TNR
procedure had ended, 27 of 37 (73%) adult cats (13
males and 14 females) had been neutered in group A
and 30 of 40 (75%) adult cats (15 males and 15 females) had been neutered in group B.
During the observation period, 89 cats were observed in group A (18 neutered females, 12 sexually
intact females, 11 neutered males, 30 sexually intact
males, and 18 kittens), 72 cats were observed in group
B (21 neutered females, 7 sexually intact females, 16
neutered males, 16 sexually intact males, and 12 kittens), 61 cats were observed in group C (22 sexually
intact females, 1 neutered male that had been neutered
by the caretaker months before the study had begun, 14
sexually intact males, and 24 kittens), and 38 cats were
observed in group D (7 sexually intact females, 1 neutered male that had immigrated into the group from the
surroundings, 8 sexually intact males, and 22 kittens).
Group comparisons—The number of adults in the
neutered groups (A and B) increased significantly (P <
0.001 for both) as a function of time (group A regression
line, y = 0.2x + 26.9 [R² = 0.4]; group B regression line, y
= 0.2x + 16.6 [R² = 0.54]), whereas the number of adults
in unneutered groups (C and D) declined significantly
(group C regression line, y = –0.1x + 11.3 [R² = 0.4];
group D regression line, y = –0.1x + 9 [R² = 0.6]).
In groups A and B, the increase in total population
size was due to an increase in numbers of both adults
and kittens (Figure 1). The number of cats in group C
remained stable during the study period because of a
decrease in the number of adults occurring concomitantly with an increase in the number of kittens. Group
D increased in total size, from 10 to > 20 cats, primarily
because of an increase in the number of kittens.
Effect of neutering on the annual presence rate—
Annual presence rates of adult neutered cats were significantly higher than those of sexually intact cats in neutered
groups A (neutered cats [n = 29], 0.7 ± 0.07; unneutered
cats [42], 0.4 ± 0.06; P = 0.001) and B (neutered cats [37],
0.6 ± 0.05; unneutered cats [23], 0.5 ± 0.07; P < 0.043;
Figure 2). No difference in presence rates was evident
between males and females for both neutered and sexually intact cats in these groups. In group D, females had a
higher annual presence rate than males (females [n = 7],
0.6 ± 0.1; males [9], 0.2 ± 0.05; P = 0.02).
Immigration—Proportions of immigrants in neutered groups A (37%) and B (44%) were significantly
JAVMA, Vol 238, No. 9, May 1, 2011
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Figure 1—Dot plots of changes in the total number of cats (black squares), adults (gray squares), and kittens (triangles) in free-roaming
cats in feeding groups A (A) and B (B) that were neutered as part of a TNR procedure prior to a 1-year study period and those in groups
C (C) and D (D) in which neutering was not performed. The diagonal line represents the regression line for adult cat numbers as a function of time.
Table 1—Number (%) of immigrant, emigrant, resident, and
transient adult cats in feeding groups A and B in which cats that
were neutered as part of a TNR procedure prior to a 1-year observation period and groups C and D, in which neutering was not
performed.
Group
A
B
C
D

Immigrants
21 (37)
23 (44)
6 (19)
0 (0)

Emigrants
11 (19)
13 (25)
15 (48)
9 (75)

Residents

Transients

25 (44)
16 (31)
10 (32)
3 (25)

14
8
6
4

Percentages of immigrants, emigrants, and residents are relative to the number of cats that were observed at . 4 observation
points in each group (ie, immigrants + emigrants + residents).

Figure 2—Annual presence rates (proportion of number of observations a cat was present divided by the total number of observations
made during the study period ± SD) for free-roaming cats in 4 feeding groups. In groups A (n = 71) and B (60), cats were neutered
as part of a TNR procedure prior to the observation period, and in
groups C (37) and D (16), they were not. *Values differ significantly
(P < 0.01) between groups indicated by the brackets. †Values differ
significantly (P < 0.05) between groups indicated by the brackets.

(P < 0.001) greater than those in unneutered groups C
(19%) and D (0%; Table 1). Therefore, a decision was
made to test30 for differences in immigration proportions between groups A and B and between groups C
and D. These differences were not significant (P = 0.44
for A vs B and P = 0.16 for C vs D). Proportions of
JAVMA, Vol 238, No. 9, May 1, 2011

immigrants were also compared between the neutered
groups combined and the unneutered groups combined
(χ2 test with a Bonferroni correction), revealing that the
neutered groups had a significantly (P = 0.02) greater
proportion of immigrants than the unneutered groups.
Emigration—Proportions of emigrants in neutered
groups A (19%) and B (25%) were also significantly (P <
0.001) less than those in unneutered groups C (48%) and
D (75%). Therefore, proportions of emigrating cats were
compared between groups A and B and between groups
C and D. Again, these differences were not significant
(P = 0.49 for A vs B and P = 0.17 for C vs D). After a
Bonferroni correction, the proportion of emigrants in the
Scientific Reports
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combined neutered groups was significantly (P < 0.001)
greater than that of the combined unneutered groups.
Kitten survival—Seventy-three kittens were observed in the study groups, with the earliest age being
approximately 4 weeks. Survival data were available for
56 kittens (34 from neutered groups A and B and 22
from unneutered groups C and D; Figure 3). Survival
time was significantly (P < 0.001) greater for kittens

originating from a neutered group than for those originating from an unneutered group. Overall, 41% of kittens (n = 68 in the unneutered groups and 24 in the
neutered groups) from all groups died or disappeared
before reaching 6 months of age.
Consistency of appearance—Adult cats in all 4
groups had differing consistencies of appearance over the
1-year study period (Figure 4). The magnitude of changes and fluctuations in the consistency of appearance appeared least in group A (range, 65% to 100%), followed
by group B (range, 55% to 90%), group D (range, 55% to
100%), and group C (range, 15% to 100%).
Discussion

Figure 3—Kaplan-Meier survival estimates for free-roaming kittens observed in feeding groups A and B (dotted line; n = 34)
and feeding groups C and D (solid line; 22). In groups A and B,
adult cats were neutered as part of a TNR procedure prior to the
observation period, and in groups C and D, they were left sexually
intact. Hatch marks indicate time of censoring (ie, at 26 weeks).

The present study is one of the few studies conducted to examine the effects of a TNR procedure on
urban cat feeding groups located in crowded residential
neighborhoods. The feeding groups used in the study
had been established years before the study began and
no changes other than application of the TNR procedure
to the experimental groups were made during the study
period. Similar to another study12 carried out in an urban
area, our study revealed that despite the variability between the 2 neutered groups in the food delivery method
and feeding site characteristics, both groups increased in
size. This increase in total number was due to the increase in adult cat numbers, which in turn resulted from
higher immigration and lower emigration rates than in

Figure 4—Consistency of appearance (%) of free-roaming adult cats in feeding groups A (A; n = 71) and B (B; 60) and feeding groups C
(C; 37) and D (D; 16). In groups A and B, cats were neutered as part of a TNR procedure prior to the observation period, and in groups
C and D, they were left sexually intact. Consistency was calculated as the percentage of adult cats at each observation point that had
been present in the previous observation.
1138
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vation). However, whereas in the neutered groups, kittens comprised up to 27% of the total population, in the
unneutered groups, they comprised up to 67% in group
C and up to 80% in group D. Moreover, in contrast to the
situation in the neutered groups, adult cat numbers in
the unneutered groups dropped concomitantly with the
increase in kitten numbers. In the unneutered groups,
some of the adult cats dispersed, probably because of reproductive activity of both males and females.40,i
The kitten survival rate of 32% in the unneutered
groups was similar to that in another study,41 in which 75%
of the kittens in the less crowded rural or suburban residential neighborhoods died or disappeared before reaching 6 months of age. Other studies conducted to examine
the survival rate of kittens in high-density populations of
free-roaming cats found lower survival rates: 16% of kittens
reached 6 months of age in an Israeli urban environment,15
and 9.5% of kittens reached 10 months of age in a Japanese
fishing village.42 The somewhat higher survival rate in the
present study is probably an overestimation of the true rate
because kittens were observed at the study site from the
age of approximately 4 weeks and kitten deaths in the early
postnatal period were not documented. Moreover, many
kittens were born toward the end of the study period and
their future survival could not be predicted. In contrast to
their survival rates in the unneutered groups, only 24% of
the kittens in the neutered groups died or disappeared before reaching 6 months of age. However, this difference between kitten survival rates is not necessarily a direct result
of neutering. Environmental41 and social factors may also
influence kitten survival rates, including prevalence of viruses,8,15 availability of vital resources,15 feeding site size and
habitat carrying capacity, and tolerance by the other cats.43,44
Because the environmental factors were noticed but not
studied in our groups, we can only speculate that the decreased aggression in the neutered groups relative to aggression in the unneutered groups detected in our concurrent
study45 may have indirectly contributed to increased kitten
survival through increased tolerance toward them by the
group cats. We suggest that this tolerance was expressed
not only in decreased direct agonistic interactions with the
kittens but also in the higher rate of the neutered adults’
presence at the feeding sites, contrasting that in the unneutered groups, in which the adult cats left the groups when
kitten numbers increased.
As hypothesized by Courchamp and Cornell,44 vertebrate populations that undergo reproduction control may
compensate through an increase in fertility of the sexually
intact females, increase in survival rate, and increase in immigration into the population. We suggest that the neutered
cat groups in the present study had at least some of these
compensating demographic changes, which did not occur
in the unneutered groups. Immigration rates were significantly higher and emigration rates significantly lower in the
neutered groups than in the unneutered groups, which in
turn increased the number of adults and thus the population size. Kitten survival rates were significantly higher in
the neutered groups. Moreover, the TNR procedures stabilized the appearance of neutered cats in the groups, as indicated by their prolonged presence and more consistent
appearance. We also found variability in the demography of
free-roaming cat feeding groups, even in similar situations
and environments. Consequently, in order to determine the
Scientific Reports
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the 2 unneutered groups. Because almost all immigrant
cats were not tamed and succeeded to integrate into the
groups (as opposed to the almost impossible integration
of abandoned house cats into such groups8), we suggest
that these cats were not abandoned but were free-roaming
cats that had moved from the surroundings into the
groups. These findings are in contrast to those of other
investigators12,a who claimed that the observed increase
in population size in their studies was due to abandonment of house cats by their owners, although these
claims were not supported by their data. Moreover, we
suggest that the main reason for the higher immigration
rates in the neutered groups derived from the reduction
in agonistic behavior of the neutered cats, resulting in a
so-called behavioral vacuum that enabled the existence
of a larger population size in the same habitat.31
The neutered cats in groups A and B had significantly higher annual presence rates than the sexually intact
cats in the same groups. Moreover, the consistency of
appearance across the year of adult cats in the neutered
groups (A and B) was higher than that of cats in group C.
We suggest that, in these neutered groups, the neutered
cats formed a stable feeding core, resulting from the decreased roaming and increased survival rates of cats after
neutering. After neutering, males lose interest in mating
with females,32 which considerably reduces their inclination to roam,13,30,33,34 and may accordingly have appeared
more regularly at the feeding sites in our study.10 In addition, after neutering, females have no need to disperse
from their original group at the age of 1 to 2 years because
of competition for favorable nesting sites.i However, cats
may become permanently absent from a feeding site because of death or temporarily because of sickness.13,35,36
A previous study36 showed that sexually intact cats, particularly males, which can roam great distances, get hit
by cars more commonly than do neutered cats. Moreover,
neutered cats may live 2- to 3-fold longer than sexually
intact cats because of fewer deaths attributable to trauma
or infectious diseases.37
The higher than expected rate of consistency of appearance of adult cats in unneutered group D versus unneutered group C as well as the higher annual rate for
females versus males can be explained by the fact that in
group D, several of the cats belonged to 1 female lineage.
A possible explanation for the higher consistency and female annual presence rate found in this group, compared
with group C, may be that group D was smaller and located in a neighborhood of private houses. Consequently, cats in group D might have had behavioral patterns
similar to those observed in female lineages in more rural
areas, where females rarely disperse.33,i
Although, at the beginning of the study, 98% of the
females in group A and 77% of females in group B were
neutered, kittens still appeared in the groups toward the
beginning of summer, most of them probably from immigrating females. A similar pattern was evident in the
unneutered groups. Having a seasonal polyestrous reproductive cycle, domestic cats in warm and temperate
countries breed throughout most of the year,15,26,38 with
a peak in kitten numbers during summer.39,d During the
summer months, kitten numbers were similar in groups
A, B, and C (range, 0 to 11 kittens/observation) and
slightly higher in group D (range, 5 to 17 kittens/obser-
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effectiveness of the TNR method in reducing free-roaming
cat populations and their related nuisances, additional studies on a larger scale are still needed.
a.

b.
c.

d.

e.
f.
g.
h.
i.
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