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Abstract: Adequate vaccination coverage of free roaming dogs (FRD) against canine rabies is not
achieved primarily due to difficulties in administering parenteral vaccinations to this population.
One factor associated with this difficulty is the tendency of FRD to form groups, which increases
their aggressive behavior, resulting in a significant risk of dog-bites for the vaccinators. This study
investigated factors that influenced FRD forming groups and their home-ranges, using data
obtained from photographic capture-recapture/sight-resight surveys conducted in rural Shirsuphal
(584 sightings) and urban Panchkula (3208 sightings), India. In the rural site, older dogs (OR 0.5,
95% CI1 0.2-0.9, p = 0.03) and FRD sighted within 20 m of garbage sites (OR 0.6, 95% CI 0.4-0.9, p =
0.02) were less likely to be in groups. The number of dogs sighted with an FRD decreased with
increased resight-probability of that dog (= -1.0, p < 0.001). The rural FRD with smaller home-
ranges were more likely to be sighted alone (OR 2.3, 95% CI 1.0-95, p = 0.04) than those with larger
home-ranges. In the urban site, females (OR 1.3, 95% CI 1.1-1.5, p = 0.002) and older dogs (OR 1.5,
95% CI 1.1-2.1, p = 0.07) were more likely to be found in groups, and groups of dogs were more
likely to be seen within 20 meters of garbage sites (OR 1.7, 95% CI 1.5-2.0, p <0.001). The distribution
of urban FRD sighted alone, in pairs, triads, and in packs of >4 dogs were not random in the
administrative (p = 0.02), and the two industrial (p = 0.03 & 0.01) survey tracks of the urban site,
implying stable groups. The resighting probability of a dog (3 = 0.3, p < 0.0001) and presence of
garbage within 20 m (3 = 0.2, p <0.0001) in the urban site increased the likelihood of sighting a FRD
with other dogs. It is concluded that data on the resighting probability, presence of garbage points,
and home-ranges can be utilised to guide the selection of parenteral or oral rabies vaccination to
achieve a population vaccination coverage of 70% to break the transmission cycle of rabies virus in
FRD in India.
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1. Introduction

The high incidence of dog-bite related rabies in India is attributed to the overwhelming presence
of free-roaming dogs (FRD) [1]. The FRD population can contain two categories of dogs: those that
depend on human settlements for food and shelter, and those that are bereft of any human association
and are often classified as feral dogs [2]. The behavioural traits and demography of FRD are influenced
by the socio-cultural and economic features of the human societies they are connected to [3], and their

Vaccines 2019, 7, 136; doi:10.3390/vaccines7040136 www.mdpi.com/journal/vaccines


https://core.ac.uk/display/231907166?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Vaccines 2019, 7, 136 20of 16

location is influenced by the availability of food and shelter, making them potentially responsible for
the spread of zoonotic diseases [4,5]. In particular, the territoriality and movement of FRD greatly
influences rabies transmission, and its spread can be modelled on the contact rates between FRD,
which in turn depends upon their grouping behaviour and home-ranges [6].

The home-range of a free ranging animal is defined as the space it commonly uses for normal
activities, such as foraging, hunting, and whelping [7,8]. The availability of food and shelter, and
hence the home-range of an FRD, is strongly influenced by the attitudes of the human population
towards them [9]. Free roaming dogs are known to display altered social behaviour and travel further
for activities such as mating [10-12] and are also known to take isolated forays into neighbouring
villages/localities due to human community or climatic events [13], which increases the likelihood of
becoming infected with rabies virus due to potential contact with a larger population of dogs or other
potentially infected wildlife. Although studies on the behaviour and home-ranges of FRD have been
conducted elsewhere [4,10,12,14,15] and in urban areas in India [11,16-19], there is a lack of such
information regarding FRD in rural areas of India.

A major impediment against successful immunisation programmes against canine rabies is the
failure to achieve the prerequisite vaccination coverage [20], primarily due to difficulties in catching
FRD and their frequent inaccessibility [21,22]. Nets have been used to capture and restrain dogs in
India during mass parenteral immunisation campaigns against rabies [23]; however, there are
significant occupational risks for those involved. In spite of being expensive, Oral Rabies Vaccination
(ORV) can be judiciously used in areas where poor catchability/accessibility of FRD precludes
achieving 70% population immunisation coverage against rabies by parenteral inoculation [24,25].

The planning and implementation of successful mass vaccination campaigns against rabies
requires an understanding of the demographic characteristics of the FRD population and their
propensity to form social groups [26-28]. Investigation of the determinants that promote FRD to be
sighted together, along with their home-ranges, can help design effective vaccination efforts
including both parenteral and oral vaccination programmes. In the present study, we explore
whether mathematical interpretation of FRD grouping behaviour and home-ranges can inform
decision-making of the most effective intervention or combination of interventions to adopt against
rabies. This study was undertaken in urban and rural locations of western and northern India to (1)
investigate the predictors of group forming behaviours of FRD; (2) evaluate the home-ranges of
frequently sighted FRD and their determinants, and (3) compare and contrast the home-ranges and
tendency to form groups between urban and rural FRD to make an informed decision for adopting
suitable interventions against rabies in these localities.

2. Materials and Methods

2.1 Study Area and Field Methodology

This study utilised the data generated during our photographic sight-resight studies on
enumeration of FRD in a rural location of Shirshupal village, Maharashtra state [13], and 15 urban
sectors administered by the Municipal Corporation, Panchkula, Haryana state, India [29]. The
photographic sight-resight technique for FRD, where photographs of dogs are used to identify and
describe dogs at the time of their sighting along with their GPS location, has been used in a number
of studies [13,29-32]. In this study the gender, age, and body condition of the FRD were assessed
through visual evaluation.

2.2 Analysing Distribution of Different Sized FRD Groups across Time and Space

An individual FRD was classified as being sighted alone (solitary) or in a group (presence of
another dog within 10 m) [14]. Groups were further categorised as a pair, triad, or a pack (>four dogs).
To analyse the distribution of the different-sized groups, we developed a model for random
distribution and tested it against the data obtained from the rural and urban surveys. Assuming that
Xiis the group-size (solitary, pair, triad or pack) of the FRD, Oi is the frequency with which the group-
size Xi is sighted during the survey, and P(x) is the probability of sighting the group-size Xi, then, if
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FRD are randomly distributed in the village, the probability distribution, P(x) follows a Poisson
distribution, where the composition of the FRD group is independent of any particular dog in the
group. As the distribution of the response variable (observed group-size of the FRD) should ideally
follow a Zero-truncated Poisson distribution (ZTPD) with no chance of the frequency being 0 (every
sighting comprises the detection of at least one dog), we tested the observed frequencies with
expected frequencies for goodness of fit of the data to a ZTPD using a x2 test [14,16,33].
Mathematically this equates to the following formula:
e A )X 1

X
x! 1—e4

P(x) = (1)

where A is obtained from the mean of the distribution , and is equal to A + (1 - e*) (obtained from
Molina’s table for the Poisson function) [34]. If E; is the expected frequency of group-size, X;, then
E; = N x P (X;), where N is the total number of dogs sighted each time and is equal to };; E; 0;. The
mean of the distribution (1) was calculated by dividing N by the number of sightings of different
sized groups and the values of A for the observed and expected frequencies for the Poisson
distribution were obtained from Molina’s table. In other words, if the distribution of different group-
sizes were random in space and time, we could infer that the FRD sighted together were together
only by chance and not due to the existence of stable social associations [16,33].
The distributions of the different group-sizes in rural Shirsuphal and urban Panchkula were
tested for goodness of fit to the ZTPD-process for the temporal and spatial data.

2.3 Analyses of Factors that Influence the Number of FRD Sighted together

Intrinsic (age, body condition, gender, de-sexing) and extrinsic (ambient temperature, humidity,
wind velocity, and the dog’s proximity to garbage) influences on the tendencies of FRD to form
groups were analysed on the basis of the sightings of the individually identifiable dogs during a
series of photographic sight-resight surveys. These variables were recorded on the basis of the visual
appreciation of the sighted dogs (age—pup/young/adult/old; body condition—good/poor/ fair;
gender —male/female; and de-sexing—yes/no). The gender of some dogs could not be confirmed, and
these were removed from the final analyses. The regression analyses of various predictors
(categorical —age, gender, within 20 m of a garbage site/bin, body condition; and numerical —
ambient temperature, humidity, wind velocity on the day of the survey, and resight probability of an
FRD) on the numerical response variable (actual number of FRD sighted together) were performed
using generalised linear mixed model analyses [35]. Initially, the regression of the response variable
(number of FRD sighted together) on the predictors were tested with univariable models. A saturated
multivariable model was then constructed by including all variables yielding a p-value < 0.25 on the
univariable analyses. A reduced subset model was subsequently achieved by using a backward
elimination approach with predictors excluded based on their p-values. The predictors were tested
for confounding by excluding them from the final model and observing the change in the coefficient
values of the fixed effects. If the intercept changed by more than 20% and the AIC (Akaike
Information Criterion) score decreased by more than two points, the predictor was retained in the
model, otherwise it was excluded.

2.4 Analysis of Home-Range

All dogs that were sighted on more than four occasions were selected for determining home-
ranges using the Maximum Convex Polygon (MCP) method. A logistic regression model was
developed to investigate the determinants that affect the home-ranges, and for this purpose two
variables were dichotomised at the median score —the response variable, home-range area, (<0.11 ha
and >0.11 ha in rural Shirsuphal, and <1.07 ha and >1.07 ha in urban Panchkula); and the predictor
variable, probability of being sighted alone (<0.42 and >0.42 in rural Shirsuphal ; and <0.2 and >0.2 in
urban Panchkula). Initially, the putative variables were tested for association with the dependent
variable by a x2 or Fisher’s exact test (univariable analyses) and only those variables with p-values of
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<0.25 were selected for inclusion in the final multivariable logistic regression model through
backward elimination.

2.5 Data Entry, Storage, and Cleaning and Analyses

All population survey data were entered and organised in Microsoft Excel (2007). The tracks and
waypoints recorded on the GPS were converted into Excel files using the online tool,
www.mygeodata[36]. The data were then cleaned by removing unwanted data records, except for
individual identity and location coordinates, and converted to CSV files for use in R programming
environment [36].

The R package ‘glmmTMB’ was used to construct the regression model of factors that influenced
the number of FRD sighted together. This package caters for the random effects (individual
heterogeneity, survey-track and survey occasion) for truncated Poisson distributions with the
predictors as fixed effects and the outcome as a numerical response [37]. The validity of the model
was tested using the ‘DHARMa’ package by visual appreciation of the distribution of the simulated
residuals (number of simulations =10,000) using Q-Q plots, along with checking the homoscedasticity
by plotting fitted model predicted values vs. standardised residuals [38]. The normality of the
residuals distribution was verified by using a one-sample Kolmogorov-Smirnov (KS) test. The R
package ‘adehabitatHR’ [8] was used to estimate home-ranges. A logistic regression model was
constructed in R and the validity of the final logistic model was tested with ‘general hoslem’ [39] and
an ANOVA (LRT). All statistical analyses were performed using R version 3.4.4 [40].

3. Results

3.1 Sightings of the FRD in Rural and Urban Settings as Solitary or in Groups

There were 584 and 3208 sightings of FRD, with a mean resighting probability of 0.51 and 0.62
in the rural and urban settings, respectively. The details of the number of FRD sighted alone or in
groups are presented in Table 1. The FRD in urban Panchkula were more likely to be sighted in
groups (OR 2.7, p <0.001) than in rural Shirsuphal.

Table 1. The number and likelihood of free roaming dogs (FRD) being sighted alone or with other
dogs during the photographic sight-resight survey carried out in Shirsuphal (rural) and selected
sectors of Panchkula (urban), India

Number of FRD Sighted; 1 (%)

o,
Variable Rural Urban OR (95% C1)
Total Sighted 584 (100) 3208 (100)
Sighted alone 288 (49) 844 (26) 1.0
Sighted with other dogs (>2) 296 (51) 2364 (74) 2.7 (2.3-3.3)*
Sighted alone 288 (49) 844 (26) 1.0
Sighted in a pair 130 (22) 759 (24) 2.0(1.6-2.5) %
Sighted in a triad 67 (12) 580 (18) 29 (2.2-3.9)*
Sighted in a pack (24 dogs) 99 (17) 1025 (32) 3.5(2.7-4.5) *
Mean resight probability 0.51 (0.14-1.0) 0.62 (0.2-1.0)
Mean group size 1.98 3.03

* p-value < 0.001; * FRD sighted alone were included as group size 1 in the calculation

No temporal variation was observed in the number of solitaries, pairs, triads or packs (>4) of
dogs sighted across the seven survey days in rural Shirsuphal (x2 = 14.35, df =18, p = 0.7) and the
distribution of the different sized groups of FRD followed a ZTPD (p = 0.09). The temporal frequency
distribution of the count of the different sized groups along all survey tracks in urban Panchkula
across five days of survey followed a ZTPD, except for the perimeter and the administrative survey
tracks (x2 =25.4, df =12, p=0.01 and x2 =22.5, df =12, p = 0.03, respectively).
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The spatial distribution of the solitaries, pairs, triads or packs (>4) of FRD sighted across four
major survey-tracks (A1, A2, B1, B2) in rural Shirsuphal varied significantly (x2 = 25.42, df =9, p-
value = 0.0005), with the pattern for two tracks (Al and B1) not following a ZTPD. The distribution
of different group sizes across the survey tracks in urban Panchkula also differed significantly (x2 =
119.97, df = 26, p < 0.0001), but no significant difference was observed within the tracks of similar
settings (residential: x2 = 20.7, df = 15, p = 0.14; industrial: x2 = 0.9, df = 3, p = 0.8; part-residential
part-public facilities: x2 = 55, df = 6, p = 05; and sectors comprising unplanned
colonies/villages/slums: x2 = 5.9, df =3, p = 0.11). However, the frequencies of the counts of different
sized groups for survey tracks in Parts I (x2=8.6, df =3, p =0.03) and II (x2 =10.9, df =3, p = 0.01) of
the industrial sectors, the administrative sector (x2 =10.1, df =3, p = 0.02) and the perimeter track (x2
=10.9, df =3, p = 0.01) did not follow a ZTPD.

Female FRD were more likely to be sighted with other dogs than male FRD in rural (OR 1.8, 95%
CI1.3-2.7,p=0.0008) and urban settings (OR 1.3, 95% CI 1.1-1.5, p = 0.002). Old FRD were more likely
to be sighted with other dogs in urban Panchkula (OR 1.5, 95% CI 1.1-2.1 p = 0.007) than adult dogs,
whereas in rural Shirsuphal, old FRD were less likely to be sighted with other dogs (OR 0.5, 95% CI10.2—-
0.9, p = 0.03). Similarly, in urban Panchkula, FRD were more likely to be sighted in a group (=2 dogs)
within 20 m of garbage sites than alone (OR 1.7, 95% CI 1.5-2.0, p < 0.001). In contrast, in rural
Shirsuphal, FRD were less likely to be sighted in a group within 20 m of garbage sites (OR 0.6, 95% CI
0.4-0.9, p = 0.02). The odds for different categories of FRD (sex, age, body condition, de-sexed, and
within 20 m of a garbage site) being sighted alone or together with other dogs are presented in Table 2.

3.2 Determinants of Number of FRD Sighted Together or Alone

The univariable analyses of factors that may influence the number of FRD which were sighted
together in rural and urban settings are presented in Table 3. In the final multivariable model for dogs
in rural settings, resight probability (3 =-1.0, SE = 0.2, p <0.001), fair body condition (3 =-0.3, SE =
0.1, p = 0.008) and sighted within 20 m of a garbage point (3 = 0.2, SE = 0.1, p = 0.03) were found to
have a significant effect on the actual number of FRD sighted together (Table 4). The model was found
to fit the data well, with the residuals on 10,000 simulations being normally distributed (Kolmogorov-
Smirnov test, D =0.05, p = 0.15).

The final multivariable model for urban settings determined that the resighting probability (f =
0.3, SE =0.06, p <0.0001) and the sighting of a FRD within 20 m of a garbage point ($ = 0.2, SE = 0.03,
p < 0.0001) positively influenced the actual number of FRD sighted together (Table 5). A negative
influence was observed for adult (f =-0.2, SE = 0.07, p = 0.03) and old (3 =-0.3, SE = 0.09, p = 0.02)
FRD. De-sexed animals were less likely to be sighted with other FRD than entire dogs (3 = -0.07, SE
= 0.03, p = 0.05). The influence of temperature and humidity was significant but inconsequential
considering the per unit change on the number of FRD sighted together. The model could not be
evaluated for goodness of fit by testing the simulated residuals as it failed to converge after 10,000
iterations. However, the model did fit the data well when random subsets (150 to 250 observations)
of the data were tested for normal distribution of the residuals.
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Table 2. The odds of various categories of FRD being sighted in groups (> 2) in rural (Shirsuphal) and urban (Panchkula) settings.
RURAL (Shirsuphal) URBAN (Panchkula)
Number Number Sighted in Number Number Sighted in a
Factors Sighted a Group * (%) OR (95% CI) p—Value Sighted Group * (%) OR (95% CI) p-Value
Gender Gender
Male 415 192 (46) 1.0 - 1791 1282 (72) 1.0 -
Female 169 104 (62) 1.8 (1.3-2.7) 0.0008 1417 1082 (76) 1.3 (1.1-1.5) 0.002
Aget Aget
Pup 30 16 (53) 1.0 (0.5-2.3) 0.88 118 99 (84) 1.9 (1.2-3.2) 0.01
Young 100 51 (51) 1.0 (0.6-1.5) 0.86 328 257 (78) 1.3 (1.0-1.7) 0.04
Adult 416 216 (52) 1.0 - 2584 1894 (73) 1.0 -
Old 38 13 (34) 0.5 (0.2-0.9) 0.03 178 114 (64) 1.5(1.1-2.1) 0.007
Body condition Body condition
Good 361 210 (58) 1.0 - 2212 1635 (74) 1.0 -
Fair 199 119 (60) 1.06 (0.7-1.5) 0.7 521 376 (72) 0.9 (0.7-1.1) 0.4
Poor 24 18 (75) 2.1 (0.8-6.0) 0.1 475 353 (74) 1.02 (0.8-1.3) 0.8
Proximity to garbage (within 20 m) Proximity to garbage (within 20 m)
Yes 140 50 (36) 1.0 - 1571 1241 (79) 1.0 -
No 444 206 (46) 0.6 (0.4-0.9) 0.02 1637 1124 (69) 1.7 (1.5-2.0) <0.0001
De-sexed De-sexed
Yes 0 0 849 595 (70) 1.0 -
No 584 296 (51) 2359 1769 (75) 1.3 (1.1-1.5) 0.005

* Group refers to > 2 dogs together. t Age was assessed based on visual characteristics as Pup (<6 months), Young (six months to 1 year), Adult (>1-7 years), and Old (>7 years).
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Table 3. The coefficients, standard error and p-values of the univariable generalised linear mixed models for the regression of predictor variables on the actual group
size of FRD * in rural Shirsuphal # and urban Panchkulat in India

RURAL (Shirshuphal) URBAN (Panchkula)

Factors Coefficient () SE p-Value Coefficient () SE p-Value
Resight Probability -0.9 0.2 0.0004 0.3 0.07 <0.001
Temperature 0.02 0.02 0.3 -0.02 0.003 <0.001
Humidity -0.004 0.004 0.3 0.006 0.001 <0.001
Wind velocity 0.01 0.008 0.2 -0.03 0.01 0.003
Gender
Female 1.0 - - 1.0
Male -0.14 0.14 0.3 -0.03 0.03 0.5
Age®
Pup 1.0 - - 1.0 - -
Young -0.18 0.33 0.6 -0.01 0.1 0.9
Adult -0.04 0.30 0.9 -0.2 0.1 0.01
Old -0.28 0.41 0.5 -0.3 0.1 0.03
Body condition
Good 1.0 - - 1.0 - -
Fair -0.3 0.14 0.02 -0.05 0.04 0.3
Poor -0.8 0.4 0.05 0.006 -0.05 0.9
Proximity to garbage site (within 20 m)
No 1.0 - - 1.0
Yes 0.2 0.1 0.03 0.2 0.03 <0.001
De-sexed NA NA NA
No 1.0 - -
Yes -0.08 0.04 0.03

* Size of groups in rural Shirsuphal ranged between one (single dog) to five FRD per group and between 1-12 FRD in urban Panchkula; * Variance from the random effects due
to repeat identity of FRD on successive surveys and day of the survey was negligible (<0.05 and <1.5x 10-9, respectively); tVariance + SD from the random effects due to repeat
identity of FRD on successive surveys and survey-tracks was 0.2 + 0.4 and, 0.04 + 0.2, respectively for all variables; @Age was assessed based on visual characteristics as Pup (<6
months), Young (six months to 1 year), Adult (>1-7 years), and Old (7 years); NA-Not Applicable.
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Table 4. Final multivariable model of predictors that significantly influenced the number of FRD
sighted together (1-5) in a rural setting *

Factors Coefficient () SE p-value
Constant 0.6 0.1
Resight Probability -1.0 0.2 <0.001
Wind velocity (km/hour) 0.02 0.01 0.07*
Body condition
Good 1.0 - -
Fair -0.3 0.1 0.008
Poor -0.7 0.4 0.06
Proximity to garbage site (<20 m)
No 1.0 -
Yes 0.2 0.1 0.03

* Variance from the random effect due to individual heterogeneity = 0.4 + 0.6; day of survey = 0.0001 + 0.01;
tremoval of the factor enhanced the Akaike Information Criteria (AIC) to 1509.4 of the model, consequently
a more stable model was selected by including this factor with AIC of 1507.9.

3.3 Home-Range of FRD and its Determinants

The average home-ranges of dogs with four or more sightings were similar (p = 0.3); rural
FRD (n = 29) had a median home-range of 2.8 ha (minimum = 0.0021 ha, maximum = 50.48 ha),
and urban FRD (n = 74) had a median home-range of 3.7 ha (minimum 0.0065 ha, maximum =
40.6 ha) (Supplementary Table 1). The associations between the home-ranges and the predictor
variables for rural Shirsuphal and urban Panchkula are presented in Table 6. Although the
variable ‘sex’ yielded a p-value of 0.26, it was included for building the multivariable regression
model. In the final multivariable logistic regression model for the factors influencing the
dichotomised median home-range (>0.42, < 0.42 ha) of FRD in rural Shirsuphal, gender and the
probability of being sighted alone were retained (Table 7). The Hosmer-Lemeshow test for
goodness of fit could not be applied to evaluate the model due to the small number of
observations, but it was found to be weakly stable on the ANOVA (LRT) test (p = 0.02). The
association between the two predictors in the final model was not significant (p = 0.11). A final
multivariable logistic regression model for the influences on the dichotomised median home-
range of urban FRD could not be produced, as only one factor (body condition) significantly
influenced home-range size.
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Table 5. Final multivariable model of predictors that significantly influenced the number of FRD
sighted together (1 to 12) in an urban setting *

Factors Coefficient (f8) SE p-Valve
Constant -0.7 0.4
Resight Probability 0.3 0.06 <0.0001
Temperature ("C) 0.02 0.01 0.03
Humidity (%) 0.01 0.003 <0.0001
Age®
Pup 1.0 - -
Young -0.01 0.08 0.9
Adult -0.2 0.07 0.03
Old -0.3 0.09 0.02
De-sexed?
No 1.0 - -
Yes -0.07 0.03 0.05*
Proximity to garbage site (<20 m)
No 1.0 - -
Yes 0.2 0.03 <0.0001

* Variance from the random effect due to individual heterogeneity = 0.2 + 0.4; survey-track = 0.03 + 0.2; *
removal of the factor enhanced the AIC (11569.8) of the model, consequently a more stable model was
selected including this factor (AIC 11568.1); “Age was assessed based on visual characteristics as Pup (<6
months), Young (six months to 1 year), Adult (>1-7 years), and Old (27 years).
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Table 6. Test of association between dichotomised home-range * and predictor variables for the rural (Shirsuphal) and urban (Panchkula) locations.

10 of 16

Rural * Urban *
Variable N=29 n (%) OR (95% CI) p-Value N=74 n (%) OR (95% CI) p-Value
Gender
Female 11 4 (36) 1.0 - 33 17 (52) 1.0 -
Male 18 11 (61) 2.6 (0.5-17.5) 0.26 41 21 (51) 1.0 (0.4-2.5) 0.9
Aget
Pup 1 1 (100) - - 4 3 (75) 1.0 -
Young 7 3(43) 1.0 0.3 9 6 (67) 0.7 (0.01-14.3) 1
Adult 18 9 (50) 1.3 (0.2-7.7) 0.3 54 25 (46) 0.3 (0.005-3.9) 0.7
Old 3 2(67) 2.7 (0.2-45.1) 0.5 7 4 (57) 0.5 (0.006-10.5) 0.5
Body condition
Fair 10 4 (40) 1.0 - 19 4 (21) 1.0 -
Good 17 9 (53) 1.7 (0.4-8.2) 0.5 44 28 (63) 6.3 (1.6-30.9) 0.002
Poor 2 2 (100) - 1 11 6 (54) 4.2 (0.7-30.8) 0.06
Probability of being sighted
alone *
High 16 6 (37) 1.0 - 9 5 (56) 1.0 -
Low 13 9 (69) 3.5(0.7-19.0) 0.13 65 33 (45) 1.2 (0.2-6.7) 0.9
Proximity to garbage ©
No 17 9 (53) 1.0 - 25 11 (44) 1.0 -
Yes 12 6 (50) 0.9 (0.2-4.1) 0.99 49 27 (55) 1.5 (0.6-4.2) 0.36
De-sexed NA NA NA NA
No 49 28 (57) 1.0 -
Yes 25 0.5 (0.2-1.3) 0.16

* Home-range dichotomised as <0.11 ha and >0.11 ha (the median home-range of the sampled population in Shirsuphal) and <1.07 ha and >1.07 ha (the median home-range of
the sampled population in Panchkula); * Age was assessed based on visual characteristics as Pup (<6 months), Young (six months to 1 year), Adult (>1-7 years), and Old (=7
years). # the probability of a free-roaming dog sighted solitary was dichotomised as high or low (>0.42 or <0.42 for rural Shirsuphal, and >0.2 or < 0.2 for urban Panchkula); © at
least one sighting within 20 m of a garbage dump across the survey period.



Vaccines 2019, 7, 136 11 of 16

Table 7. Final multivariable logistic regression model with regression coefficient values for predictors
yielding significant p-values for dichotomised home-range area for free-roaming dogs in rural

Shirsuphal, India
Factors N=29  Coefficient (p) SE p-Value OR (95% CI)
Constant 2.2 1.2
Probability of being sighted alone
High (> 0.42) 16 - - 1.0
Low (£0.42) 13 2.3 1.1 0.04 2.3 (1.0-95.0)
Gender
Female 11 - - 1.0
Male 18 2.1 1.2 0.07 8.1 (0.8-81.3)

Likelihood ratio test (LRT): Deviance 7.4, df = 2, p-value 0.02. * Home-range dichotomised as <0.11 ha
and >0.11 ha (the median home-range of the sampled population in Shirsuphal)

4. Discussion

In the current study, the likelihood of sighting a dog in a group was higher in the urban study site
than in the rural site. However, irrespective of the study site, FRD were sighted in groups close to a
food resource, similar to that reported by Berman and Dunbar [14] in the city of Berkeley, CA, USA.
The proportion of FRD sighted in groups in urban Panchkula (73.7%) was higher than in Berkeley
(17.8%) because in Panchkula, FRD were observed to group in public places, such as outside of temples
and community markets where they potentially received food from visitors and had access to shelter
(shaded areas), which may not have been the case in the Berkeley study. The difference in the
proportion of FRD forming groups in rural and urban sites in our study is possibly due to a lack of
organised garbage management in rural Shirsuphal that results in edible litter being thrown
indiscriminately throughout the location, including lanes (roadways), reducing the need for dogs to
congregate at specific garbage refuse points. In urban Baltimore, MD, USA, a higher proportion of FRD
were sighted in groups, which was believed to be due to the presence of garbage in the alleyways
[14,15]. In contrast, in urban Panchkula, edible waste was usually deposited at the assigned waste
disposal points, such as garbage bins and dumps, although these were frequently overflowing with
litter, accounting for the likely congregation of FRD at these locations.

The observations regarding the categories (gender, age, body condition, proximity to garbage,
and de-sexing) likely to be sighted in groups were consistent for both rural Shirsuphal and urban
Panchkula, except for the proximity to garbage points (Table 2).

The temporal distribution of the groups across the days of the sight-resight surveys was random
in rural Shirsuphal and for most of the survey tracks in urban Panchkula. However, the spatial
frequency distribution of various sized groups in three of the tracks in rural Shirsuphal was not
random, implying the tendency of FRD to form stable groups at these sites. A possible explanation
for stable groups in rural Shirsuphal could have been the presence of lactating bitches (13%) and
bitches in oestrous (6%) on these tracks [10,35,41,42], but the univariable analyses of the influence of
gender over group sizes of FRD did not show any significant difference between the group forming
tendency for male and female FRD (Table 3). The FRD groupings in rural Shirsuphal can be attributed
to individual preferences of the rural FRD to stay together rather than the need to form stable groups
for hunting/sourcing food [16]. This observation is supported by Boitani, Ciucci [10], who speculated
that FRD have a lower tendency to form stable social groups in locations where food is readily
available. Nevertheless, it is possible that factors other than lactation and oestrous, such as level of
human interaction, may be important and further studies are warranted in similar locations to
identify these factors which restrict group formation for rural FRD.

In urban Panchkula, the evidence of temporally and spatially stable groups (p =0.01 and p =0.02,
respectively) in the perimeter survey track in urban Panchkula is not unexpected as FRD are known
to form temporary groups while transiting between their usual locations [14], such as between
adjacent sectors in this study. However, the distribution of the different sized groups also did not
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follow a ZTPD in the industrial (p = 0.03 and p = 0.01 for Part I and Part II, respectively) and
administrative sectors (p = 0.02), which suggests the presence of stable hierarchical social groups,
similar to that reported in some international studies [43,44] and elsewhere in India [11]. Daniels and
Bekoff [40], who similarly found that the group sizes of FRD in Mexico did not follow a ZTPD,
believed that the dog-ownership practices of the resident community in the area influences the level
of social organisation of FRD. The authors claimed that the dogs that were cared for by owners did
not form groups with conspecifics, and thus, the pattern of their social organisation would differ
depending upon their response to the amount and provision of food resources. In our study, although
the dogs were not owned in rural Shirsuphal, they were provided food by the rural residents [45],
hence limiting the tendency of rural FRD to form groups.

FRD that had been neutered were less likely to be part of a group than entire FRDs (3 =-0.08, p
= 0.05) (Table 5). This finding is supported by the presence of stable groups in the industrial and
administrative sectors in urban Panchkula where more dogs had not been neutered (Section 3.1). We
found that the odds of sighting a de-sexed FRD in industrial (OR 0.7, p-value = 0.01) and
administrative (OR 0.2, p-value <0.001) survey tracks was lower compared to residential sectors.
Interestingly, this finding is similar to the study in the city of Petrozavodsk, Russia, where the number
of stray dogs forming groups in industrial zones was higher than in residential areas where most
dogs were solitary [42]. This was believed to be linked with the presence of secluded breeding dens
and fewer instances of human interference restricting the formation of packs in these zones. Another
plausible explanation of sighting fewer de-sexed FRD could be that they are harder to catch, being
frequently sighted in groups. The inaccessibility for parenteral vaccination is pronounced in stable
FRD groups, possibly due to their enhanced agonistic behaviour toward humans and the tendency
to avoid humans when in groups [46]. An anecdotal admission by the dog catchers of Panchkula
Municipal Corporation regarding the heightened risk of dog-bites in the industrial and
administrative sectors also corroborated the higher likelihood of stable social groups in these sectors.

The average home-ranges (2.8 ha and 3.7 ha for rural and urban settings, respectively) are
comparable to those reported in USA, Australia, Russia, and India for urban FRD [14,18,42], but were
much lower than that reported in Chile (65 ha) [47] and Aboriginal and Torres Strait Islander
communities in Northern Australia (40-104 ha) [4]. Although our study limited the inclusion of FRD
to those with a high resight probability (20.7), most of these individuals were sighted alone. In rural
Shirsuphal, dogs that were most likely sighted in a group were likely to have larger home-ranges (OR
2.3, 95% CI 1.0-95.0, p = 0.04, Table 7) than those mostly sighted alone. This finding, in conjunction
with that of the influence of resight probability on grouping tendency (3 = -1.0, SE = 0.2, p < 0.001,
Table 4), imply that rural FRD find the resources (food, shelter) for survival within a small area and
hence do not need to wander. More than half of the rural FRD (59%) for whom the home-range
calculation was possible were never seen in the vicinity of garbage points, and the remaining were
sighted near garbage (<20 m) only once or twice during the survey period. This strongly supports the
belief that the dogs with smaller home-ranges have higher human affinity in rural Shirsuphal and
thus may be more amenable for administering parenteral vaccination against rabies.

Notwithstanding the comparable home-ranges in rural and urban settings, the grouping
tendency of FRD in urban Panchkula needs to be examined in relation to the resight probability. The
resight probability was higher for smaller sized groups in rural Shirsuphal (3 =-1.0, SE = 0.2, p-value<
0.001), whilst in urban Panchkula resight probability increased with group size (3 =0.3, SE=0.06, p <
0.0001) indicating that FRD in the urban setting are likely to be sighted more when they are in groups
and around a food resource (garbage) (Tables 1 and 2). Even though we failed to produce a
multivariable model that could investigate the influence of resight probability on home-ranges on
FRD in urban Panchkula, resight probability is positively related to the tendency of urban dogs to
form groups (Table 5).

These observations can be corroborated with other findings where stray/semi-owned dogs
remain in proximity to people who provide food to them, even when those people do not claim
ownership of the dogs [47-49]. Consequently, we conclude that FRD in rural Shirsuphal are more
accepting of human proximity than those in urban Panchkula. Human influence over the home-
ranges of FRD was also demonstrated by Ivanter and Sedova [42] and Boitani, Ciucci [10], who
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reported smaller home-ranges for dogs in areas close to humans. This finding, in conjunction with
that of group-size, implies that if a photographic capture-recapture survey reveals solitary dogs with
high resighting probability and small home-ranges, then more dogs will be accessible for parenteral
vaccination against rabies. We speculate this may largely be true for rural India, although it is
recommended that more studies are conducted to support this recommendation. In contrast, ORV
should be adopted in areas where FRD are more likely to be sighted in groups. Gibson, Yale [50]
demonstrated in Goa, India that Oral Bait Handout (OBH) vaccines are a viable option for the FRD
that may be accustomed to human presence but resist retraining them for vaccine inoculation.
Consequently, based on our findings of urban Panchkula we also suggest that, irrespective of the
measure of the home-ranges, a high resight probability of FRD is indicative of a higher proportion of
groups and hence ORV should be implemented to achieve adequate herd immunity. Oral rabies
vaccination has been recommended where catchability of FRD for parenteral immunisation is
difficult [51]. Although ORV has the disadvantages of high cost and the need for strict supervision,
its potential use to augment parenteral inoculation to achieve 70% coverage in FRD has been
advocated [25]. Once the required number to vaccinate 70% of the total population is estimated
through a reliable enumeration technique [13], it is recommended that the data obtained through
such enumeration surveys can be used to model the grouping tendencies of the FRD. Based on this
grouping tendency, the most effective method(s) can be selected achieve adequate mass
immunisation against canine rabies in India.

There were some limitations encountered during the current investigation. Firstly, we used GPS
fixes of the FRD at pre-set survey times in the multiple sight-resight survey sessions. The use of GPS
collars would have given more frequent GPS fixes and hence a better assessment of home range,
although this would have been offset by a smaller sample size due to significantly higher costs
associated with this methodology. However, the need for multiple survey sessions can be off-set by
using GPS-collars on randomly selected FRD from different locations of the study sites to allow
estimation of average home ranges. Second, only one rural village was included in this study, and
more villages should be studied to improve the robustness of the findings. Third, we were unable to
develop a multivariable logistic model for factors influencing the home-range of the urban FRD, and
consequently data on other influences need to be collected. Finally, bias due to observer fatigue
toward the end of multiple sight-resight surveys cannot be completely ruled out [52]. In spite of these
limitations, this investigation linked the behaviour of FRD and home-ranges with their accessibility
for future vaccination programmes to achieve the necessary herd immunity to control canine rabies.
We recommend more studies are conducted at different urban and rural locations in India to model
the group-size of FRD, based upon easily measurable predictors, including home-ranges to make
informed decisions on the FRD mass vaccination approach to adopt to control rabies.

5. Ethical approval

Ethics approval for the observation of the FRD in the rural and urban areas was obtained from
the Ashoka Trust for Research in Ecology and the Environment (ATREE) (AAEC/101/2016).

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Figure S1: Boxplots for
the univariable analyses of regression of the various intrinsic and extrinsic factors on the group size of free
roaming dogs (FRD) sighted during the enumeration survey in Shirsuphal village of western India in June 2016,
Figure S2: Boxplots for the univariable analyses of regression of the various intrinsic factors on the group size of
FRD sighted during the enumeration survey in Municipal Corporation Panchkula in northern India during
September—-October 2016, Figure S3: Boxplot graphics for the univariable analyses of regression of the various
extrinsic factors on the group size of FRD sighted during the enumeration survey in rural and urban setting,
Figure S4: Boxplots for the univariable analyses of regression of resight probability on the group size of FRD
sighted during the enumeration survey in rural and urban settings, Figure S5: Boxplots for the univariable
analyses of de-sexed status probability on the group size of FRD sighted during the enumeration surveys in the
urban setting in Panchkula, Figure S6: Graphic representation of the odd ratios to compare the influence of
various factors (probability of being sighted alone, gender, sighted within 20 m of garbage, if de-sexed, and body
condition) on the home range of FRD sighted during the enumeration surveys in rural and urban settings
through univariable analysis.



Vaccines 2019, 7, 136 14 of 16

Author Contributions: All authors have contributed and approve the contents of this article. H.T. developed the
study, collected and analysed the data; H.T. and L.R. wrote the article; M.B., M.O., and L.R. provided critical
revision and helped interpretation of contents and implications.

Funding: The work was funded by the Wellcome Trust-DBT India Alliance Program through a Fellowship to
Abi Tamim Vanak of the Ashoka Trust for Research on Ecology and the Environment, (Grant number:
IA/CPHI/15/1/502028) and the research grant to HT from Murdoch University, Western Australia, Australia. The
work was funded by a research grant to H.T. from Murdoch University, Western Australia, Australia.

Acknowledgements: Murdoch University International Postgraduate Scholarship (MIPS) to H.T. is gratefully
acknowledged. The authors are grateful to Abi Tamim Vanak, Pranav Panwalkar, Pradeep Satpute, and Reetika
Maheshwari for their assistance during the conduct of the study. The help of the Principals and the students of
Government PG College, Sector 1, and Government College of Girls, Sector 14, Panchkula, is also duly
acknowledged. The authors also express their gratitude to the residents of Shirsuphal and Municipal
Corporation, Panchkula.

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial,
financial or non-financial relationships that could be construed as a potential conflict of interest.

References

1 Jackman, J.; Rowan, A. Free-roaming dogs in developing countries: The benefits of capture, neuter, and
return programs. In The State of the Animals; Rowan, D.S.A., Ed.; Human Society Press: Washington, DC,
USA, 2007; pp. 55-78.

2 Hughes, J.; Macdonald, D. A review of the interactions between free-roaming domestic dogs and wildlife.
Biol. Conserv. 2013, 157, 341-351.

3 Serpell, J. The Domestic Dog; Cambridge University Press: Cambridge, UK, 2016.

4  Dirr, S.; Ward, M. Roaming behaviour and home range estimation of domestic dogs in Aboriginal and
Torres Strait Islander communities in northern Australia using four different methods. Prev. Vet. Med. 2014,
117, 340-357, d0i:10.1016/j.prevetmed.2014.07.008.

5 Traub, R.; Robertson, I; Irwin, P.; Mencke, N.; Thompson, R. Canine gastrointestinal parasitic zoonoses in
India. Trends Parasitol. 2005, 21, 42—48, doi:10.1016/j.pt.2004.10.011.

6 Hampson, K.; Dushoff, J.; Cleaveland, S.; Haydon, D.; Kaare, M.; Packer, C.; Dobson, A. Transmission
dynamics and prospects for the elimination of canine rabies. PLoS Biol. 2009, 7, 1000053,
doi:10.1371/journal.pbio.1000053.

7 Burt, W. Territoriality and home range concepts as applied to mammals. ]. Mamimal. 1943, 24, 346-352.

8  Calenge, C. The package adehabitat for the R software: a tool for the analysis of space and habitat use by
animals. Ecological Modelling 2006, 197, 516-519.

9  Macdonald, D.; Carr, G. Variation in dog society: Between resource dispersion and social flux. In The
Domestic Dog: Its Evolution, Behavior and Interactions with People; Cambridge University Press: New York,
NY, USA, 2016; pp. 199-216.

10 Boitani, L.; Ciucci, P.; Ortolani, A. Behaviour and social ecology of free-ranging dogs. In The Behavioural
Biology of Dogs; Jensen, P., Ed.; CAB International: Wallingford, UK, 2007; pp. 147-165.

11  Pal, S.; Ghosh, B.; Roy, S. Agonistic behaviour of free-ranging dogs (Canis familiaris) in relation to season,
sex and age. Appl. Anim. Behav. Sci. 1998, 59, 331-348.

12 Meek, P. The movement, roaming behaviour and home range of free-roaming domestic dogs, Canis lupus
familiaris, in coastal New South Wales. Wildl. Res. 1999, 26, 847-855.

13 Tiwari, H,; Vanak, A.; O'Dea, M.; Gogoi-Tiwari, J.; Robertson, I. A comparative study of enumeration
techniques for Free-roaming dogs in rural Baramati, District Pune, India. Front. Vet. Sci. 2018, 5, 104,
doi:10.3389/fvets.2018.00104.

14 Berman, M.; Dunbar, I. The social behaviour of free-ranging suburban dogs. Appl. Anim. Ethol. 1983, 10, 5-
17.

15 Beck, A. The Ecology of Stray Dogs: A Study of Free-ranging Urban Animals; Purdue University Press: West
Lafayette, IN, USA, 1973.

16 Majumder, S.; Bhadra, A.; Ghosh, A.; Mitra, S.; Bhattacharjee, D.; Chatterjee, J.; Nandi, A.K;; Bhadra, A. To
be or not to be social: Foraging associations of free-ranging dogs in an urban ecosystem. Acta Ethologica
2014, 17, 1-8.



Vaccines 2019, 7, 136 15 of 16

17

18

19

20

21

22

23

24

25
26

27

28

29

30

31

32

33

34
35

36

37

38

39

40

Malerczyk, C.; DeTora, L.; Gniel, D. Imported human rabies cases in Europe, the United States, and Japan,
1990 to 2010. J. Travel. Med. 2011, 18, 402-407.

Pal, S.; Ghosh, B.; Roy, S. Dispersal behaviour of free-ranging dogs (Canis familiaris) in relation to age, sex,
season and dispersal distance. Appl. Anim. Behav. Sci. 1998, 61, 123-132.

Pal, S. Population ecology of free-ranging urban dogs in West Bengal, India. Acta Theriol. 2001, 46, 69-78,
doi:10.1007/BF03192418.

Cliquet, F.; Gurbuxani, J.; Pradhan, H.; Pattnaik, B.; Patil, S.; Regnault, A.; Begouen, H.; Guiot, A.L.; Sood,
R.;Mahl, P.; et al. The safety and efficacy of the oral rabies vaccine SAG2 in Indian stray dogs. Vaccine 2007,
25, 3409-3418.

Bogel, K.; Joshi, D. Accessibility of dog populations for rabies control in Kathmandu valley, Nepal. Bull.
World Health Organ. 1990, 68, 611.

Jibat, T.; Hogeveen, H.; Mourits, M. Review on Dog Rabies Vaccination Coverage in Africa: A Question of
Dog Accessibility or Cost Recovery? PloS Neglect Trop Dis. 2015, 9, e0003447.

Gibson, A.; Ohal, P.; Shervell, K.; Handel, I.; Bronsvoort, B.; Mellanby, R.; Gamble, L. Vaccinate-assess-
move method of mass canine rabies vaccination utilising mobile technology data collection in Ranchi, India.
BMC Infect. Dis. 2015, 15, 589.

Cleaveland, S.; Kaare, M.; Knobel, D.; Laurenson, M. Canine vaccination —Providing broader benefits for
disease control. Vet. Microbiol. 2006, 117, 43-50.

WHO. WHO Expert Consultation on Rabies: Third Report; WHO: Geneva, Switzerland, 2018; p. 1012.
Knobel, D.; Cleaveland, S.; Coleman, P.; Fevre, E.; Meltzer, M.; Miranda, M.; Shaw, A.; Zinsstag, ].; Meslin,
F.X. Re-evaluating the burden of rabies in Africa and Asia. Bull. World Health Organ. 2005, 83, 360-368.
Morters, M.; McKinley, T.; Restif, O.; Conlan, A.; Cleaveland, S.; Hampson, K.; Whay, H.R.; Damriyasa,
LM.; Wood, J.L.N. The demography of free-roaming dog populations and applications to disease and
population control. J. Appl. Ecol. 2014, 51, 1096-1106, doi:10.1111/1365-2664.12279.

Slater, M. The role of veterinary epidemiology in the study of free-roaming dogs and cats. Prev. Vet. Med.
2001, 48, 273-286.

Tiwari, H.K.; Robertson, I.D.; O'Dea, M.; Gogoi-Tiwari, J.; Panvalkar, P.; Bajwa, R.S.; Vanak, A.T. Validation
of Application SuperDuplicates (AS) Enumeration Tool for Free-Roaming Dogs (FRD) in Urban Settings of
Panchkula Municipal Corporation in North India. Front. Vet. Sci. 2019, 6, 173, d0i:10.3389/fvets.2019.00173.
Shimozako, H. Otimizagdo da Técnica de Captura-Recaptura Fotografica Para Estimagdo da Populacao
Canina Livre em Vias Publicas. Master’s Thesis, Universidade de Sao Paulo, Sao Paulo, Brasil, 2012.
Tenzin, T.; Ahmed, R.; Debnath, N.; Ahmed, G.; Yamage, M. Free-roaming dog population estimation and
status of the dog population management and rabies control program in Dhaka City, Bangladesh. PloS
Neglect. Trop. Dis. 2015, 9, e0003784.

Tenzin, T.; McKenzie, ].; Vanderstichel, R.; Rai, B.; Rinzin, K.; Tshering, Y.; Pem, R.; Tshering, C.; Dahal, N.;
Dupka, K. Comparison of mark-resight methods to estimate abundance and rabies vaccination coverage of
free-roaming dogs in two urban areas of south Bhutan. Prev. Vet. Med. 2015, 118, 436-448.

Font, E. Spacing and social organization: Urban stray dogs revisited. Appl. Anim. Behav. Sci. 1987, 17, 319—
328.

Cohen, A. Estimating the parameter in a conditional Poisson distribution. Biometrics 1960, 16, 203-211.
Majumder, S.; Paul, M.; Sau, S.; Bhadra, A. Denning habits of free-ranging dogs reveal preference for
human proximity. Sci. Rep. 2016, 6, 32014.

R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical
Computing: Vienna, Austria, 2017.

Convert GPX to XLSX Online New York: GeoCzech, Inc.; 2018. Available online:
https://mygeodata.cloud/converter/gpx-to-xlsx (accessed on 28 October 2018).

Brooks, M.; Kristensen, K.; van Benthem, J.K.; Magnusson, A.; Berg, C.; Nielsen, A.; Skaug, H.].; Machler,
M.; Bolker, B.M. glmmTMB Balances Speed and Flexibility Among Packages for Zero-inflated Generalized
Linear Mixed Modeling. R J. 2017, 9, 378-400.

Florian, H. DHARMa: Residual Diagnostics for Hierarchical (Multi-Level/Mixed) Regression Models; University
of Regensburg: Regensburg, Germany, 2018.

Matthew, J. Generalhoslem: Goodness of Fit Tests for Logistic Regression Models. R Package Version 1.3.2.; R
Studio: Boston, MA, USA, 2017.



Vaccines 2019, 7, 136 16 of 16

41

42

43

44

45

46

47

48

49

50

51

52

Daniels, T.; Bekoff, M. Population and social biology of free-ranging dogs, Canis familiaris. ]. Mammal. 1989,
70, 754-762, d0i:10.2307/1381709.

Ivanter, E.; Sedova, N. Ecological monitoring of urban groups of stray dogs: An example of the city of
Petrozavodsk. Russ. J. Ecol. 2008, 39, 105-110, doi:10.1134/51067413608020057.

Bonanni, R.; Cafazzo, S.; Valsecchi, P.; Natoli, E. Effect of affiliative and agonistic relationships on
leadership behaviour in free-ranging dogs. Anim. Behav. 2010, 79, 981-991.

Cafazzo, S.; Valsecchi, P.; Bonanni, R.; Natoli, E. Dominance in relation to age, sex, and competitive contexts
in a group of free-ranging domestic dogs. Behav. Ecol. 2010, 21, 443-455.

Tiwari, H.; Vanak, A.; O’'Dea, M.; Robertson, I. Knowledge, attitudes and practices (KAP) towards rabies
and free-roaming dogs (FRD) in Shirsuphal village in western India: A community based cross-sectional
study. PloS Neglect. Trop. Dis. 2019, 13, 0007120, doi:10.1371/journal.pntd.0007120.

Fox, M.; Beck, A.; Blackman, E. Behavior and ecology of a small group of urban dogs (Canis familiaris).
Appl. Anim. Ethol. 1975, 1, 119-137.

Pérez, G.; Conte, A.; Garde, E.; Messori, S.; Vanderstichel, R.; Serpell, ]. Movement and home range of
owned free-roaming male dogs in Puerto Natales, Chile. Appl. Anim. Behav. Sci. 2018, 205, 74-82,
doi:10.1016/j.applanim.2018.05.022.

Rubin, H.; Beck, A. Ecological behavior of free-ranging urban pet dogs. Appl. Anim. Ethol. 1982, 8, 161-168.
Durr, S.; Dhand, N.; Bombara, C.; Molloy, S.; Ward, M. What influences the home range size of free-roaming
domestic dogs? Epidemiol. Infect. 2017, 145, 1339-1350, doi:10.1017/5095026881700022X.

Gibson, A; Yale, G.; Vos, A.; Corfmat, J.; Otter, I; King, A.; Wallace, RM.; Gamble. L.; Handel, 1.G.;
Mellanby, R.J.; et al. Oral bait handout as a method to access roaming dogs for rabies vaccination in Goa,
India: A proof of principle study. Vaccine: X 2019, 1, 100015, doi:10.1016/j.jvacx.2019.100015.

Ratsitorahina, M.; Rasambainarivo, J.; Raharimanana, S.; Rakotonandrasana, H.; Andriamiarisoa, M.-P.;
Rakalomanana, F.A.; Richard, V. Dog ecology and demography in Antananarivo, 2007. BMC Vet. Res. 2009,
5,21.

McCallum, D. A conceptual guide to detection probability for point counts and other count-based survey
methods. In USDA Forest Seervice General Tchnical Report; USDA: Washington, DC, USA, 2005; PSW-GTR-
191, 754-761.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
|@ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



