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Abstract

Introduction: Dog intake to government shelters reflects both community conditions and local
animal management practices, yet predictors of intake in Japan have not been evaluated at a
national scale. The objective of this study was to identify community-level socioeconomic and
geographic predictors of dog intake to government shelters in Japan, stratified by intake type
(owner-unknown vs. owner-relinquished) and administrative setting (urban vs. non-urban).
Methods: Publicly available municipal and prefectural data were used to model dog intake
counts for 2022. Separate generalised linear models were developed for owner-unknown and
owner-relinquished intake in urban areas (designated and core cities; n = 82) and non-urban
areas (n = 47). Socioeconomic-related explanatory variables tested included the proportions
of low-income households, older adults’ households, owner-occupied households, and indi-
viduals with higher education levels. Geographically related explanatory variables included
the proportion of vacant houses, cultivated land area, the highest temperature, and the lowest
temperature.

Results: Intake rates varied widely across regions. In urban areas, higher owner-unknown intake
was associated with lower education level (incidence rate ratio [IRR] = 0.28, 85% confidence
interval [CI]: 0.18-0.43) and higher cultivated land area (IRR = 1.34, 85% CI: 1.03-1.73).
In non-urban areas, owner-unknown intake was higher in areas with more vacant housing
(IRR = 14.64, 85% CI: 7.54-28.40), more cultivated land (IRR = 2.27, 85% CI: 1.58-3.25),
and higher lowest temperature (IRR = 1.12, 85% CI: 1.04-1.20). Urban owner-relinquished
intake was associated with owner-occupied housing (IRR = 1.64, 85% CI: 1.22-2.20). Non-
urban owner-relinquished intake was higher in areas with a greater proportion of low-income
households (IRR = 1.73, 85% CI: 1.03-2.89).

Conclusion: Supported predictors differed by intake type and administrative setting, suggest-
ing that intake prevention strategies may be more effective when tailored to local context and
dominant intake pathway. The associations observed in this study can serve as a basis for
informing future policy development and further research.
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n Japan, both governmental and private animal

organisations take in dogs. While private organi-

sations are allowed autonomy in the animals they
choose to take in, local governments are obliged to take
in all dogs when owners cannot keep them, or owner-
ship is unknown under the national' Act on Welfare and
Management of Animals (Act on Welfare of Animals)
(Act No. 105 of 1973) and the? Act on Rabies Prevention
Law (Act No. 247 of 1950). Following intake, under the
Act on Welfare of Animals, authorities are required to
make efforts to locate and return animals that are pre-
sumed to have an owner. For animals that are presumed

to be ownerless, those surrendered by their owners, or
those whose owners cannot be located, authorities must
solicit new owners. When neither is possible, dogs may
be euthanised. The Act, however, does not specify how
intake and other processes should be conducted, leading
to possible discrepancies between local governments.
Japan has 47 prefectural governments, which are
administrative divisions that serve as regional governance
units. Governmental intake of dogs is handled at both
the prefectural and city levels, which differ significantly
in geography and demographics. In general, cities with
over 200,000 people are granted certain administrative
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authority by the prefectural government to conduct ani-
mal management independently of the rest of the pre-
fecture. Cities with over 200,000 people are termed ‘core
cities’ and cities with over 500,000 people are termed
‘designated cities’, as determined by the Local Autonomy
Act’ (Act No. 67 of 1947). There are 82 of these local city
governments that handle dog intake separately from the
rest of the prefecture in which they are located. The pre-
fectural governments are responsible for the rest of the
country, including cities of fewer than 200,000 people,
rural areas, and depopulated areas. The Ministry of the
Environment collates and makes publicly available the
reported quantity of owner-relinquished and owner-un-
known dog intakes from the designated cities, core cit-
ies, and prefectures. Previous research has indicated that
multiple variables may affect the need for dog intake. For
example, the presence of abandoned houses,* agricultural
land,* and rural areas® are associated with more stray or
semi-feral dogs. In addition, socioeconomic conditions
such as financial instability,’ owners” age,>*“education,”!!
income,'>® and housing”!*121¢1® may also influence dog
ownership and relinquishment.

In this study, we investigate whether socioeconomic
and geographic conditions are relevant to the number of
dog intakes by analysing publicly available government
data on intakes reported by 129 local governments across
the country. This country-wide approach is novel, with
the intent of generalisable results to Japan.

Methods

Variable sources and definitions

Core and designated cities were defined as ‘urban areas’,
and prefectures as ‘non-urban areas’. All 129 local govern-
ments (82 core or designated cities, and 47 prefectures) were
included to maximise generalisability. Owner-unknown dogs
include stray, feral, and lost dogs whose owners cannot be
identified and are either captured by officials or brought in
by citizens. The intake values from 2022 were defined as the
response variables.”® The intake numbers were divided into
four conditions: (1) number of owner-unknown dog intakes
(urban areas), (2) number of owner-unknown dog intakes
(non-urban areas), (3) number of owner-relinquished dog
intakes (urban areas), and (4) number of owner-relinquished
dog intakes (non-urban areas). Hereafter, when referring to
the number of owner-unknown dog intakes and the number
of owner-relinquished dog intakes without specifying the
area, we mean the total quantity of intakes from both areas.
When using urban areas and non-urban areas, we refer to
the number of intakes in each region.

An analysis was conducted using a method similar to
that previously described." Socioeconomic and geographic
habitat-related data for urban and non-urban areas were
obtained from publicly available population census data on

the e-Stat Portal Site of Official Statistics of Japan.?' Based
on potential associations with dog intake as indicated by
previous research, eight explanatory variables were selected
as described in Table 1. All explanatory variables were
selected a priori based on existing literature. Model selec-
tion was not used to identify new predictors.

We used four socioeconomic variables for all four dog
intake conditions: proportions of low-income house-
holds, households inhabited by older adults, owner-oc-
cupied housing, and individuals with higher education
levels. Two geographic variables were used for both urban
and non-urban owner-unknown dog intake conditions:
the proportion of vacant houses and the cultivated land
area. Two additional geographic variables, the highest and
lowest temperatures, were used to estimate the number of
owner-unknown dog intakes in non-urban areas. Urban
and non-urban dog intake counts were obtained inde-
pendently from Ministry of the Environment reports as
separately aggregated outcomes. Non-urban intake values
were not calculated by subtracting urban counts from pre-
fectural totals. Subtraction was applied only to selected
socioeconomic explanatory variables to align them with
administrative boundaries; no subtraction or arithme-
tic derivation was applied to the outcome variables. For
interpretability, all proportion-based socioeconomic pre-
dictors were rescaled so that one model unit corresponds
to a 10 percentage-point increase. As all data in this study
were collected from public, anonymised sources online,
University ethical approval was not needed.

Statistical methods

All analyses were conducted in the statistical software R
version 4.5.0.2 Pairwise correlations among all explan-
atory variables were assessed using the cor function in
R to check for multicollinearity (Appendix A). Because
no correlation coefficients exceeded 0.70, no predictors
were removed on this basis. We further assessed multicol-
linearity in the full model by calculating variance inflation
factors (VIFs), and all the values were within acceptable
limits (Appendix B). Using this full model, we applied the
dredge function in the MuMIn package® to generate a
candidate set of models for model selection.

We conducted model selection by constructing gener-
alised linear models, performing model averaging, and
calculating 85% confidence intervals (Cls). In construct-
ing the model, we assumed a negative binomial distri-
bution to account for the overdispersion of the response
variable. Prior to model construction, basic model diag-
nostics were performed to evaluate distributional assump-
tions. Overdispersion was assessed by comparing Poisson
and negative binomial models, which supported the use
of a negative binomial distribution. Zero-inflated alter-
natives were explored but were not adopted, as they did
not improve model fit. Influential observations were
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Table 1. Contents and rationales for the eight socioeconomic and habitat-related explanatory variables, their definitions and rationale, and data

sources

Explanatory variable

Definition of explanatory variable

Rationale

Data sources

Low-income
households

Older adults
households

Owner-occupied
households

Individuals with higher
education levels

Vacant houses

We divided the sum of households with
an annual income of | million yen or
less and those between | and 2 million
yen by the total number of households
with an annual income from | million
yen or less to |5 million yen or more
published in the same source.

We divided the number of households
consisting only of members aged 65
years or older by the number of house-
holds published in the same source.

We divided the number of owner-
occupied housing by the number of
households in the same source.

We divided the combined number

of university and graduate school
graduates aged |5 years or older by
the population aged |5 years or older
published in the same source.

We divided the number of vacant
houses by the total number of houses,
regardless of whether occupied or not.

In 2018, the median individual disposable income was
2.48 million yen, and half of this amount, or 1.24 million
yen, defined the poverty line.” Since the survey aggre-
gates the data in intervals of | million yen, we used

the share of households with incomes below 2 million
yen as an indicator of the proportion of low-income
households.

As a characteristic of socioeconomic conditions in
Japan, society often regards the population aged 65 and
over as the older adult population.®

In condominiums, regulations usually restrict the types
of animal residents can keep.?? Therefore, we included
the proportion of owner-occupied households, because
such regulations scarcely constrain it, in the explana-
tory variable.

In fiscal year 2020, the progression rate to high school
was 83.5%, and that to universities (undergraduate)
and junior colleges was 58.6%.>* Given the high pro-
gression rate up to high school, we defined the share of
individuals with a university or graduate degree as the
proportion of individuals with higher education levels.
We defined the proportion of vacant houses as
explanatory variable separately from the proportion of
owner-occupied housing.

Statistics Bureau®

Statistics Bureau?'

Statistics Bureau®

Statistics Bureau®

Statistics Bureau®

We defined cultivated land area as
paddy field area + upland field area
(FY2021) and divided it by the total land
area (FY2019).

We identified the highest temperature
among the monthly averages of daily
highest temperatures in 2019.

Cultivated land area

Highest temperature

Lowest temperature ~ We identified the lowest temperature
among the monthly averages of daily

lowest temperatures in 2019.

Ministry of
Agriculture, Forestry
and Fisheries®
Statistics Bureau®

Statistics Bureau®

Statistics Bureau®”

examined but were retained when judged to reflect genu-
ine regional variation. For model estimation, we used the
glm.nb function included in the Modern Applied Statistics
with S (MASS) package.?* Furthermore, all generalised lin-
ear models included regional human population size as an
offset to statistically control for the regional effects of pop-
ulation, and did not include it as a fixed-effect predictor.
The model equation was as follows:

yi~ NegBin(ui,G)

IOg(“i) =B +Byxy; o By +

log (regional human population size l.)

When multiple models fell within the range of AAIC
(Akaike information criterion) < 2,2 we checked the fre-
quency with which each explanatory variable appeared
in the models, and we performed model averaging with
the model.avg function on the basis of the AIC weights.

Following Burnham and Anderson,* Sutherland et al.,*
and Arnold,” we aimed to ensure consistency between
AIC-based model selection and parameter evaluation.
After model averaging, we obtained model-averaged
estimates for each predictor and computed their two-
sided 85% ClIs. Predictors whose 85% ClIs did not include
zero were considered supported by the data under the
information-theoretic framework. This approach is jus-
tified because a AAIC of approximately 2 corresponds to
a likelihood ratio x> of 2 on 1 degrees of freedom (p =
0.157), as shown by Sutherland et al.?%; thus, using 85%
CIs aligns parameter evaluation with AIC-based variable
support. To improve accessibility for a broad readership,
we also report two-sided 95% ClIs for all model-aver-
aged parameter estimates; these 95% Cls are provided
in Appendices C-F for each model. Note that inference
and variable support in the main text follow the infor-
mation-theoretic framework (85% Cls) described above.
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To visualise spatial patterns in dog intake rates, pre-
fecture-level dog intake rates per 1,000 population for
non-urban areas were mapped using the Map Chart
feature in Microsoft Excel (Microsoft 365; Microsoft).
Because designated and core cities are spatially small,
maps for urban areas were not presented.

Results

Dog intake counts varied widely across regions, with
generally low median values but a small number of
much higher observations. This pattern was most pro-
nounced in urban areas, where outcomes were typically
near zero but included occasional high intake counts
(owner-unknown median 31.5, max 392; owner-relin-
quished median 4, max 89). Non-urban areas tended
to have higher intake counts overall (owner-unknown
median 213, max 1,048; owner-relinquished median
32, max 198). These higher values were examined and
retained because they were judged to reflect meaningful
regional differences rather than reporting or data-entry
error. Descriptive statistics for the outcomes, candidate
explanatory variables, and the population offset for the

urban (n = 82) and non-urban (r = 47) models are pro-
vided in Tables 2 and 3.

Non-urban dog intake rates per 1,000 population
showed substantial geographic heterogeneity across
Japan, with some prefectures experiencing considerably
higher per capita intake than others. The spatial dis-
tribution also differed by intake type: prefectures with
higher owner-unknown intake rates were not always the
same as those with higher owner-relinquished intake
rates, suggesting that the geographic patterning of
stray/lost intake and owner relinquishment is not uni-
form (Figs. 1 and 2). Because designated and core cities
are geographically small relative to prefectural bound-
aries, urban areas are not shown on the prefecture-level
maps.

Aim I: number of owner-unknown dog intakes (urban areas)

Individuals with higher education levels had a significant
negative association, and cultivated land area had a signif-
icant positive association with the number of owner-un-
known dog intakes (urban areas) (Fig. 3). Six models fell
within the range of AAIC < 2 (Appendix C). Individuals

Tuable 2. Descriptive statistics of the response variable, explanatory variables, and population used as an offset in urban models (n = 82)

variable and offset Min. Ist Qu. Median Mean 3rd Qu. Max.
Number of owner-unknown dog intakes | 19.25 31.50 56.24 64.00 392
Number of owner-relinquished dog intakes 0 2.00 4.00 7.49 9.00 89
Population 188,465 319,855 401,449 616,460 630,749 377,7491
Low-income households 0.12 0.17 0.20 0.20 0.23 0.33
Older adults households 0.17 0.22 0.24 0.25 0.28 0.37
Owner-occupied households 0.36 0.56 0.60 0.59 0.64 0.73
Individuals with higher education levels 0.11 0.18 0.20 0.21 0.23 0.32
Vacant houses 0.08 0.12 0.13 0.14 0.15 0.23
Cultivated land area 0.00 0.05 0.08 0.11 0.13 0.45

Min.: minimum; Ist Qu.: first quartile; 3rd Qu., third quartile; Max., maximum.

Tuable 3. Descriptive statistics of the response variable, explanatory variables, and population used as an offset in non-urban models (1n = 47)

variable and offset Min. Ist Qu. Median Mean 3rd Qu. Max.
Number of owner-unknown dog intakes 28 89.50 213.00 323.50 515.00 1,048
Number of owner-relinquished dog intakes 2 11.50 32.00 41.74 55.50 198
Population 364,942 668,755 995,128 1,608,434 1,673,220 13,468,239
Low-income households 0.13 0.18 0.21 0.22 0.25 0.34
Older adults households 0.16 0.21 0.23 0.23 0.25 0.32
Owner-occupied households 0.45 0.68 0.71 0.71 0.75 0.83
Individuals with higher education levels 0.09 0.12 0.16 0.15 0.18 0.29
Vacant houses 0.10 0.14 0.15 0.16 0.18 0.22
Cultivated land area 0.03 0.08 0.10 0.11 0.14 0.27
Highest temperature 26.50 31.75 32.10 3211 32.80 34.30
Lowest temperature -5.90 -0.60 1.50 1.23 2.85 15.80

Min.: minimum; Ist Qu.: first quartile; 3rd Qu., third quartile; Max., maximum.
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Fig. 1. Map of per capita owner-unknown dog intakes rate in non-urban areas. Darker shading represents higher intake rates.

observed owner-relinquished dog intakes (non-urban areas) rate

owner-relinquished dog intakes
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Fig 2. Map of per capita owner-relinquished dog intakes rate in non-urban areas. Darker shading represents higher intake rates.

with higher education (B = -12.75; 85% CI [-16.95, -8.55])
and cultivated land area (B = 2.91; 85% CI [0.32, 5.49])
had 85% ClIs that did not include zero. Specifically, areas
with a 10-percentage-point greater proportion of cul-
tivated land area exhibited an approximately 1.34-fold
higher incidence rate of owner-unknown dog intakes
(incidence rate ratio [IRR] = 1.34, 85% CI: 1.03-1.73).
In contrast, areas with a 10—percentage-point higher pro-
portion of individuals with higher education exhibited an
approximately 0.28-fold incidence rate (i.e. substantially
lower rates) of owner-unknown dog intakes (IRR = (.28,
85% CI: 0.18-0.43).

Aim 2: number of owner-unknown dog intakes (non-urban areas)
Vacant houses, cultivated land area, and lowest tem-
perature had a significant positive association on

number of owner-unknown dog intakes (non-urban
areas) (Fig. 4). Seven models fell within the range of
AAIC < 2 (Appendix D). Vacant houses (f = 26.83;
85% CI [20.21, 33.46]), cultivated land area (f = 8.19;
85% CI [4.59, 11.79]), and lowest temperature (f =
0.11; 85% CI [0.04, 0.18]) had 85% CIs that did not
include zero. Specifically, areas with a 10-—percent-
age-point higher proportion of vacant houses exhibited
an approximately 14.64-fold higher incidence rate of
owner-relinquished dog intakes (IRR = 14.64, 85% CI:
7.54-28.40). Areas with a 10—percentage-point greater
proportion of cultivated land area showed an approx-
imately 2.27-fold higher incidence rate (IRR = 2.27,
85% CI: 1.58-3.25). Lower temperature was associated
with an approximately 1.12-fold higher incidence rate
per 1°C increase (IRR = 1.12, 85% CI: 1.04-1.20).
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Individuals with higher education levels
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Fig. 3. Model-averaged predictions of number of owner-unknown dog intakes (urban areas). Left: This suggests fewer own-
er-unknown dogs may be found in areas with higher education levels. Right: This suggests more strays may be found in areas with
high cultivated land. Black line: predicted values; grey area: 85% CI; dots: observed values. CI: confidence interval.

Vacant houses
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Predicted number of owner-unknown
dog intakes (non-urban areas)
8

Predicted number of owner-unknown
dog intakes (non-urban areas)
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Lowest temperature
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Predicted number of owner-unknown
dog intakes (non-urban areas)

T aLr
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Fig. 4. Model-averaged predictions of number of owner-unknown dog intakes (non-urban areas). Left: This suggests more
strays may be found in areas with more vacant houses. Middle: This suggests more strays may be found in areas with high culti-
vated land. Right: This suggests more strays may be found in areas with higher lowest temperatures. Black line: predicted values;

grey area: 85% CI; dots: observed values. CI: confidence interval.

Aim 3: number of owner-relinquished dog intakes (urban areas)
Owner-occupied households had a significant positive
association with the number of owner-relinquished dog
intakes (urban areas) (Fig. 5). Four models fell within
the range of AAIC < 2 (Appendix E). Owner-occupied
households (B = 4.93; 85% CI [1.98, 7.88]) had 85% CIs
that did not include zero. Specifically, areas with a 10—
percentage-point higher proportion of owner-occupied
households exhibited an approximately 1.64-fold higher
incidence rate of owner-relinquished dog intakes (IRR =
1.64, 85% CI: 1.22-2.20).

Aim 4: number of owner-relinquished dog intakes (non-urban areas)
Low-income households had a significant positive asso-
ciation on number of owner-relinquished dog intakes
(non-urban areas) (Fig. 6). Four models fell within the
range of AAIC < 2 (Appendix F). Low-income house-
holds (B = 5.47; 85% CI [0.32, 10.62]) had 85% ClIs that
did not include zero. Specifically, areas with a 10—percent-
age-point higher proportion of low-income households

exhibited an approximately 1.73-fold higher incidence
rate of owner-relinquished dog intakes (IRR = 1.73, 85%
CI: 1.03-2.89).

Discussion

We found associations between the number of own-
er-unknown dogs and owner-relinquished dogs taken
into shelters in both urban and non-urban areas depen-
dent upon geographic habitat and socioeconomic con-
ditions, consistent with previous studies that report
links between various socioeconomic conditions and
the number of animal shelter intakes,” the risk of
pet abandonment,'**’ and cases of animal hoarding.°
The results differed between urban and non-urban
areas, suggesting that in Japan, the factors influencing
the number of dog intakes differ between urban and
non-urban areas. This is not unique to Japan, as demo-
graphic and regional differences have been shown to
affect animal shelter service in use in Canada and the
United States (US) as well.47#
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Fig. 5. Model-averaged predictions of number of owner-
relinquished dog intakes (urban areas). This suggests more
owner-relinquished dogs may be found in areas with higher
proportions of owner-occupied households. Black line: pre-
dicted values; grey area: 85% CI; dots: observed values. CI:
confidence interval.
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Fig. 6. Model-averaged predictions of number of owner-
relinquished dog intakes (non-urban areas). This suggests
more owner-relinquished dogs may be found in areas with
higher proportions of low-income households. Black line:
predicted values; grey area: 85% CI; dots: observed values.
CI: confidence interval.

Aim |: number of owner-unknown dog intakes (urban areas)

The number of owner-unknown dog intakes (urban
areas) had a significant negative association with indi-
viduals with higher education levels. As stated, owner
unknown dog intakes may be from strays, lost, or aban-
doned dogs. One possible interpretation of this is that
those with higher education are less likely to lose their dog
or abandon them on the street if they can no longer keep
them, and those without higher education are more likely.
In a US-based study, New et al.’ also reported, ‘People
relinquishing animals were significantly more likely not to
have reached an educational level beyond high school’. In
addition, Galarde-Lépez et al.*® reported that improved
access to spay/neuter services led to increased participa-
tion by responsible caregivers in both urban and rural

areas. In Japan, however, the availability and amount of
financial support for spay/neuter surgery vary across local
governments.* Given our finding of a significant negative
association between owner-unknown dog intakes and the
proportion of individuals with higher education, strength-
ening financial support for spay/neuter services in regions
with lower educational levels may help reduce the number
of owner-unknown dogs taken in by local governments.

Aim 2: number of owner-unknown dog intakes (non-urban areas)
The number of owner-unknown dog intakes (non-ur-
ban areas) had a significant positive association with
vacant houses. Danilad et al.* reported in Romania that,
‘Stray / semi-feral dogs from the inner city and in rural
areas occupy abandoned houses left in disrepair for var-
ious reasons’. We suggest that, in Japan as well, stray
and semi-feral dogs may occupy abandoned houses for
shelter leading to an increased presence of them in areas
with vacant houses. The number of owner-unknown dog
intakes (non-urban areas) also had a significant positive
association with lowest temperature. Since a significant
positive association with the lowest temperature indicates
that regions with higher lowest temperatures have more of
dog intakes, our results mirror the results of Uchikoshi*
who utilised the same data set from 10 years earlier and
showed that, warmer regions tend to show a higher intake
of animals per 10,000 people, while colder regions show
a decrease (it should be noted, however, that Uchikoshi*
did not distinguish between owner-unknown and owner
relinquished dog intakes).

For owner-unknown dog intakes in both urban and
non-urban areas, we found that cultivated land area had a
significant positive association on the number of intakes.
Some support of his can be seen in other research. Danila
et al.’s study* of a rural area with primarily pasture with
only a small portion of cultivated land surrounding a
municipality in Romania found that stray roaming dogs
were concentrated in the small, forested areca. However,
other concentrations were seen near household garbage
pits and the agricultural land where small game was pres-
ent. While having varied diets from scavenging, the stray
dogs were shown to have a preference for meat.* Pal*!
who similarity studied stray dogs surrounding a town in
West Bengal, India, found that the dogs main food source
was scattered garbage but they were also supplemented
by food waste from local restaurants and butchers. In
Japan, the few areas with substantial litter also tend to
have heavy foot traffic, making them less than ideal envi-
ronments for stray dogs to safely secure food. Therefore,
less populated areas such as cultivated land may be more
enticing for unowned dogs.

In this study, we observed associations between several
socioeconomic and geographical conditions and the num-
ber of owner-unknown dogs taken in by the government.
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de Santi et al.** reported that, despite random cap-
ture efforts, the distribution graphs of captured dogs at
6-month intervals showed discernible spatial patterns,
and that the areas surrounding the Americas District were
among those with the highest densities of stray dogs. In
Japan as well, specific regions with high numbers of stray
dogs have been documented,* and the intake figures for
owner-unknown dogs in such areas include the capture of
stray dogs.

Aim 3: number of owner-relinquished dog intakes (urban areas)
Number of owner-relinquished dog intakes (urban areas)
had a significant positive association with owner-occu-
pied households. According to Saunders et al.,* a sur-
vey in California showed ‘the odds of owning a dog for a
respondent who owned a home were 1.56 times the odds
for a respondent who did not own a home’. In light of
these findings, the authors suggest that Japan could have
a similar situation and, areas that originally had a higher
proportion of owner-occupied households have larger
numbers of owned dogs, which likely increased the num-
ber of dogs relinquished by their owners.

Aim 4: number of owner-relinquished dog intakes (non-urban
areas)

Number of owner-relinquished dog intakes (non-urban
areas) also had a significant positive association with
low-income households. Again in California, Dolan
et al.’® found that ‘Among the 162 participants who
responded, 115 (71%) stated either primarily or second-
arily that cost (i.e. inability to pay for some care) was a
factor in their decision’. In a review of over 46,000 own-
er-relinquished cats and dogs, it was shown that 86% of
cases were because of human-related factors, as opposed
to animal-related factors like bad behaviour."* Owners’
socioeconomic conditions such as inadequate housing
or financial problems are major contributors. McDowall
et al.’* reported that about 65.0% of relinquished dogs
were from low socioeconomic homes with financial
constraints specifically accounting for 11.2% of
relinquishment reasons, ranking third in frequency.
Furthermore, Crespo and Faytong-Haro* suggest that
the financial crisis led households to increase their own-
ership of pets in general, particularly dogs and cats.
Based on these findings, the authors suggest that in
regions of Japan with higher proportions of low-income
households, pet relinquishment to government shelters
is more frequent. In this study, we defined low-income
households as the proportion of households earning <
¥2,000,000, while Weiss et al.' showed ‘Respondents
with income < $50,000 were more likely than others to
re-home due to cost or housing’, indicating that the spe-
cific income levels associated with relinquishment may
differ across countries.

Taken together, the supported predictors differed by
intake type and administrative setting (urban vs. non-ur-
ban), suggesting that intake prevention strategies may be
most effective when tailored to local context. For own-
er-unknown intake, geographic indicators such as vacant
housing and cultivated land may help identify areas where
free-ranging dogs are more likely to be present and where
targeted prevention strategies (e.g. outreach, sterilisa-
tion support, and microchipping) could be prioritised.
For owner-relinquished intake, socioeconomic indica-
tors — particularly household income — may help identify
communities where owners face greater constraints in
maintaining pet ownership and where targeted support
may reduce relinquishment.

At the same time, local governments in Japan are
implementing measures to limit the number of dogs relin-
quished into shelters to reduce euthanasia. For example,
they have introduced intake fees and refuse to accept dogs
without a valid reason. However, the subsequent situation
of dogs whose intake was refused remains unclear, rais-
ing concerns that dogs may be kept in poor conditions or
are abandoned. Therefore, simply reducing the number of
dogs owners relinquish to shelters is unlikely to fundamen-
tally resolve animal welfare issues. Conversely, accepting
all owner-relinquished dogs may burden shelters, which
can also have negative consequences. According to the
Basic Guidelines for Animal Welfare,” prioritising reduc-
tions in euthanasia has been associated with challenges for
ensuring both human and animal health and safety, includ-
ing bite incidents following rehoming of animals with
behavioural issues and overcrowding at recipient organisa-
tions. In addition, increases in intake may affect municipal
shelter operations, euthanasia rates, and live-release rates,
and may also contribute to overcrowding in private shel-
ters that may need to accept surplus animals. Therefore,
further investigation of nationwide intake-to-outcome
ratios is warranted, including measures such as length
of stay, rehoming rates, and euthanasia rates. Rodriguez
et al.* pointed out that understanding trends in intake at
animal shelters is critically important for accurately assess-
ing the overall capacity of the sheltering system and the
resources available to address community-specific needs.

Limitations

Intake records were reported by individual municipali-
ties, and reporting definitions and practices were not nec-
essarily standardised, partially because prefectural and
city governments operate under different management
practices. Therefore, some observed urban-non-urban
differences may partly reflect reporting variation rather
than true differences in intake patterns. In addition, this
was an ecological analysis using municipality-level predic-
tors; associations should not be interpreted as causal or
as applying to individual owners. Intake outcomes were
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measured for a single year, and some predictors were
drawn from different administrative datasets and years,
which may limit inference about temporal trends. Finally,
unmeasured differences in local animal management
practices (e.g. stray dog capture effort, shelter capacity, or
intake restriction policies) may influence reported intake
counts and could confound associations with communi-
ty-level predictors.

Conclusion

This nationwide analysis found that community-level
socioeconomic and geographic conditions were associ-
ated with dog intake to government shelters in Japan,
and that supported predictors differed by intake type
and by administrative setting (urban vs. non-urban).
Owner-unknown intake was associated with education
level and cultivated land in urban areas, and with vacant
housing, cultivated land, and temperature in non-ur-
ban areas, while owner-relinquished intake was associ-
ated with owner-occupied housing in urban areas and
the proportion of low-income households in non-urban
areas. Together, these findings suggest that intake pre-
vention efforts may benefit from being tailored to local
conditions and to the predominant intake pathway
(owner-unknown vs. owner-relinquished). Because local
governments in Japan are implementing measures to
limit relinquishment (e.g. intake fees and refusal with-
out a valid reason), efforts to reduce intake should be
evaluated alongside animal welfare and public safety
outcomes and should be supported by improved moni-
toring of intake-to-outcome measures, including length
of stay; rehoming (numbers rehomed to new owners or
transferred to other private organizations); return-to-
owner (numbers returned, with clarification of whether
cases involve repeat returns by the same owner or sep-
arate cases involving different owners); and euthanasia
(detailed circumstances leading to euthanasia).
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