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AIC

AUC
HAE
ROC
UPA

ABBREVIATIONS

Akaike’s information criterion
area under the curve

human alveolar echinococcosis
receiver operating characteristic

urbanization promoting area

ABBREVIATIONS OF VARIABLES

L-blank
L-farm
L-green
L-nroad
L-ocpbl
L-river
L-vctbl
L-water
L-wroad
BLANK
FARM
GREEN
NROAD
OCPBL
RIVER
VCTBL
WATER
WROAD

linear distance to bland space
linear distance to farmland

linear distance to green covered area
linear distance to narrow road
linear distance to occupied building
linear distance to riverbed

linear distance to vacant building
linear distance to water place
linear distance to wide road
percentage of blank space
percentage of farmland

percentage of green covered area
percentage of narrow road
percentage of occupied building
percentage of riverbed

percentage of vacant building
percentage of water place

percentage of wide road



INTRODUCTION

The establishment of effective strategies for zoonoses control is
needed urgently in order to minimize infection risks to humans, because
wildlife and human habitats are becoming rapidly overlapped (Kubo and
Shoji, 2014) as changes occur in the global environment.

Echinococcus multilocularis Leuckart, 1863 is a parasite
perpetuated in a sylvatic cycle mainly between wild carnivores (definitive
hosts) and rodents (intermediate hosts). Infection of humans occurs by the
accidental ingestion of the parasites eggs, which are provided from the
feces of the definitive hosts. This ingestion will cause the human alveolar
echinococcosis (HAE), which constitutes a serious zoonosis (Figure 1).
The number of cases of HAE has been increasing in recent years in central
Europe, parts of North America, and parts of Asia including Japan (Eckert
and Deplazes, 2004; Eckert et al, 2001).

In Japan, HAE is endemic in Hokkaido, the northernmost prefecture.
Here, the red fox, Vulpes vulpes Linnaeus, 1758, is the main definitive host
(Oku and Kamiya, 2003) and acts as a vector of E. multilocularis toward
humans.

The red fox is a common wildlife in Hokkaido, and it is known to
have a high capacity for adaptation to artificial environments. In fact, their
habitat has expanded into urban areas of many cities worldwide in recent

decades (Deplazes et al, 2002; Harris, 1981; Hegglin et al, 2003; Janko et
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Figure 1. Lifecycle and transmission route of Echinococcus multilocularis.



al,, 2011). This urbanization of red foxes has been reported in Hokkaido as
well (Oku et al, 2005; Takahashi et al, 2003; Tsukada et al, 2000;
Uraguchi et al, 2009). Moreover, E. multilocularis is prevalent among the
urban fox population there (Oku et al, 2005; Tsukada et al, 2000). The
urbanization of infected red foxes leads to contamination of these areas
with eggs of E. multilocularis and raises the exposure risk of residents to
the pathogenic eggs.

In order to cut the transmission route of E. multilocularis from red
foxes to human, fox culling in the wide target areas had been taken place in
many countries for long time; however, few cases have been succeeded. A
report from France revealed that the culling of transmitter animals in
target area does not prevent the area contamination (Tuyttens et al, 2000).
The reason for this failure is that the population of the red fox in the target
area will be replaced immediately by immigrants from surrounding
population, which may be infected (Deplazes et al, 2002) (Figure 2-A).
Hence, the fox removing is unsuited as the control strategy. Additionally,
extermination of the animals on the top of regional ecosystem inflicts
immeasurable damage on the balance of the ecosystem. Deworming of
foxes by baiting with anthelmintic praziquantel is an alternative method
that is noninvasive and systematic control based on favorable strategy
required from both standpoints of biodiversity conservation and
performance advance of zoonosis control.

Previous studies have demonstrated that anthelmintic baiting
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Figure 2. Effect of immigration of red fox population depending on
the two methods of echinococcosis control strategies.

Box A shows the effect of fox culling. Infected foxes will be
immigrated to vacant niches.

Box B shows the effect of fox deworming. Clean foxes protect the area
against infected fox’s immigration from outside the deworming area.



successfully reduced E. multilocularis prevalence in the red fox population
in several countries (Hegglin and Deplazes, 2008; Hegglin et al, 2003;
Inoue et al,, 2007; Janko and Konig, 2011; Konig et al, 2008; Kamiya et al,,
2006; Rausch et al, 1990; Romig et al, 2007; Schelling et al., 1997;
Tackmann et al, 2001; Takahashi et al, 2013; Takahashi et al.,, 2002;
Tsukada et al, 2002). The advantage of this method is to cause the target
area be occupied by an uninfected fox population instead of making vacant
niche by random culling (Figure 2). Once the target area is occupied, the
area will be protected as the territories of fox families, making it hard for
the population in this area to be replaced by other, potentially infected,
individuals from outside. The prevalence could decrease if the foxes are
kept as a “clean population”. This is the reason why deworming by
anthelmintic baiting is the most effective and realistic method for E.
multilocularis control so far.

Although effective, anthelmintic baiting requires continuous effort
to keep the fox population in the target area clean. Fox territories are
maintained by females and inherited from mother to daughter; meanwhile,
males are always provided from outside of the mother’s family in mating
season. Even if family members are kept clean, the risk of re-infection
increases again during the annual immigration. Achieving the maximum
effect at the minimum cost is fundamental for sustainable bating, hence
identifying the most suitable locations for delivering baits is necessary

(Eisen and Eisen, 2008; Eisinger and Thulke, 2008; Selhorst et al, 2001;



Thulke et al,, 2004).

Current strategies of delivering baits are roughly classified into two
types. Although both strategies have been produced results, those are not
the most suitable methods for Hokkaido fox population. One method is
random delivering in entire surface of the large area by aircraft, which is
used in southwestern Germany (Romig et al, 2007). It is suitable for the
areas with high fox densities like cities in Europe (e.g. 0.188-2.035 fox
families/km? in U. K. (Harris and Rayner, 1986), 1.4-3 foxes/km? in
southwestern Germany (Romig et al, 2007), and 11 adult foxes/km?2 in
Zurich, Switzerland (Gloor, 2002)); however, it should be highly inefficient
and unprofitable in the areas having low fox densities like cities in
Hokkaido (e.g. 0.080 fox families/km? in Sapporo (Uraguchi et al,, 2009)).
The other baiting method is pinpoint delivering at places that are most
likely to be frequented by foxes based on the witness information of
individuals or dens (Hegglin et al, 2003; Inoue et al, 2007; Kamiya et al,,
2006; Takahashi et al, 2013). This method has been applied in Hokkaido,
and it still has room for improvement although its deworming effect has
been guaranteed. In this method, delivering locations are determined on
the basis of the current fox distribution. This basis is certainly reliable for
the present, but this approach cannot adapt the prospective changes in fox
distribution pattern. Specifying the potential sites for fox inhabiting would
solve the problem fundamentally. Accordingly, clarifying the pattern of

habitat use to standardize the target locations for delivering baits could



improve the cost-benefit performance of anthelmintic baiting.

The target location for delivering baits should be related to the
habitat use of red foxes (Janko et al, 2011; Konig et al,, 2012; Takyu et al,,
2013), especially around dens, which are the pivot of their habitation
(Figure 3). A red fox family has their dens in several places and depends on
the sites throughout the breeding season. During the breeding season,
they are likely to intake baits around the dens constantly because they
invariably come back to any one of their dens at least once a day. Hence,
the requirements for fox denning are the key to determining the target
location where baits should be delivered. Standardized denning
requirements could be clarified by establishing a model that extracts key
environmental factors.

A general modeling method exists for standardizing the habitat
selection of arthropods (Ayala et al, 2009; Cecchi et al, 2008; Eisen and
Eisen, 2008; Gibson et al, 2004; Menach et al, 2005; Ogden et al, 2008;
Sutherst and Bourne, 2009); however, this method is not applicable to
modeling the habitat use of urban foxes. This general modeling method is
appropriate for risk prediction of vector-borne diseases mechanically
transmitted by arthropods, which targets the macro-scale area. On the
other hand, the fox model is intended for the risk prediction of
echinococcosis, which is a parasitic zoonosis indirectly transmitted by a
mid-sized, generalist species inhabiting urban landscapes. Three major

problems must be solved to apply the existing method to habitat use
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Figure 3. Annual behavior and usage of dens by Vulpes vulpes (red fox)
in Hokkaido.
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modeling for red foxes: 1) the general modeling approach uses the
“abundance” of vector individuals as its modeling target (= objective
variable); however, “presence or absence” is suitable for fox den modeling
considering its low densities; 2) the general modeling approach uses land
use or vegetation categories on existing thematic maps as predictor
variables to extract the critical factors from them, but these variables
should be based on habitat use of the target animals, urban red foxes; 3)
the size of unit in the general modeling approach is based on the grid size
(= resolution) of existing thematic maps; however, the range affecting
their denning cannot be represented by the resolution of these maps.

In the present study, I tried to establish a valid fox denning model
by developing the new protocol of modeling method in order to specify the
potential habitat of urban fox dens (Analysis 1). The established model
identifies the suitable locations for delivering anthelmintic baits. The
modeling protocol was designed to extract key environmental factors for
denning, and not only that, to extract the key spatial scale which means the
range they pay attention to (named "heeding range") when they select the
den sites, simultaneously. This is the first approach to establish a
comprehensive micro-habitat model for mid-sized and generalist mammals
in consideration of specifying the requisite spatial scales for the target
populations. The protocol for the modeling process is presented visually.
In addition to the spatial modeling, two traditional univariate analyses

were conducted to compare the results (= extracted factors) between the

12



analyses by traditional methods and by modeling (Analysis 2). The
extracted factors by the traditional analyses in the present urban study
areas are also compared with the results from other places reported in
previous studies to discuss the differences in fox denning requirements
depending on habitat types. Control strategies for E. multilocularis are also

discussed.
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MATERIALS & METHODS

M1. Studyareas

The study areas were urban regions of Obihiro and Sapporo cities
in Hokkaido, the northernmost prefecture of Japan (N 41°21 -45°33, E
139°20 -148°53). Hokkaido belongs to the subarctic zone and shows a
continental climate, and it usually snows from November to March
although the annual amount of snowfall varies depending on the province.
Obihiro City is a small city located in the eastern part of the island.
Sapporo City is the prefectural capital and located in the western part of
Hokkaido Island, and in which E. multilocularis has been fixed in red foxes.
The densities of red foxes in urban areas of Hokkaido is relatively lower
(e.g. 0.080 families /km?2 in Sapporo (Uraguchi et al,, 2009)) than in other
cities in Europe (e.g. 0.188-2.035 fox families /km?2 in U. K. (Harris and
Rayner, 1986), 1.4-3 foxes /km? in southwestern Germany (Romig et al,
2007), and 11 adult foxes /km? in Zurich, Switzerland (Gloor, 2002)). Both
of the study areas are composed almost entirely of artificial environments,
including urban parks and farmland; however, these two study areas are
different in the scale of each component, i.e. surface area, human
population size, and human population density.

A map of the Obihiro study area is given in Figure 4-A. This study

area (about 59.8 km?) consists of whole of the Urbanization Promoting

14



Obihiro area

Fox dens Urbanization
. X Promoting Area Suburban area

Image (©) 2014 DigitalGlobe
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Figure 4. Maps showing the landscape
distributions in the two study areas.
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structures and fox dens

The proportion of the Urbanization Promoting Area and surrounding
suburban area, and population densities are also shown.
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Area (UPA; about 41.9 km?) and its surrounding suburban area (about
17.9 km?2). The UPA is composed of a mosaic of dwellings, commercial
areas, urban parks, urban green spaces, and riverbeds. The surrounding
suburban area is composed of urban parks, an area of continuous
farmlands, and riverbeds of two large rivers, plus some small rivers and
streams. The human population of the study area is approximately 167,000,
which amounts to 96% of the total population of whole city. The population
density is about 4,400 people /km?2.

A map of the Sapporo study area is given in Figure 4-B. This study
area (about 367.9 km?) consists of whole of the UPA (about 249.3 km?2) and
its surrounding suburban area (about 73.6 km?2). The UPA is composed of a
mosaic of dwellings, commercial areas, urban parks, urban green spaces,
and riverbeds. The surrounding suburban area is composed of large urban
parks, urban farmland, and riverbeds of two big rivers, plus some small
rivers and streams. The human population of the study area is
approximately 1,855,000, which is around 99% of the total population of

the whole city. The population density is about 7,400 people /km?2.

M2. Analysis policy

Modeling was conducted in urban areas of Obihiro and Sapporo
cities in Hokkaido, Japan, in which red fox populations have been
established. The modeling protocol is given below (see METHODS: M3.

Analysis 1).
16



In addition to establishment of the new model above, denning
factors extracted using other two traditional univariate analyses to
compare the results between the methods. The factors extracted by the
traditional approaches are also compared with the results from previous
studies conducted in non-urban areas (Krim et al, 1990; Meia and Weber,
1992; Nakazono and Ono, 1987; Roman, 1984; Scott and Selko, 1939;
Sheldon, 1950; Uraguchi and Takahashi, 1998; Zhou et al.,, 1995) to discuss
the differences in fox denning requirements depending on habitat type. The
protocols of the two traditional analyses are also given below (see

METHODS: M4. Analysis 2).

M3. Analysis 1: Den site selection modeling

The modeling process was designed to extract the critical
environmental requirements for den site selection by urban red foxes. The
environmental requirements in this study is pronounced as the
combination of the most affecting landscape factors on their den site
selection (hereinafter referred to as “key factors”) and the most affecting
spatial scale (“key scale”). The “key scale” is not the same as the home
range or territory but the “heeding range”, in which they would be more
nervous about disturbance and secure resources compared with outside
the range within their home range. [ aimed to extract the best combination
of the “key factors” and the “key scale” through the modeling

simultaneously, which is performed by all possible subsets models selection
17



using logistic regression analysis and subsequent Akaike's information
criterion (AIC) inspection. The protocol for the modeling process is given

below and in Figure 5.

18



Aim: Simultaneous extraction of the “key factors” and the “key scale.”

« using the logistic regression analysis with
Objective variable : “presence” or “absence” of a fox den
Predictor variables : WROAD, NROAD, OCPBL, VCTBL, WATER, RIVER, FARM, GREEN, BLANK

« and subsequent Akaike's Information Criterion (AIC) inspection.

> Example figure

Step 1. Customization of analytical base map.

Each study area were rendered in nine categories of landscape feature
that correspond to the nine predictor variables.
This map will be used as the base map for all analyses.

Step 2. Step 3.

Sampling of 4 Setting of

fox den locations. control points.

Fox dens were located Control points randomly
by field survey as “presence” dotted on the customized
OBJECTIVE VARIABLE data, analytical base map as
and dotted on the customized “absence” OBJECTIVE
analytical base map. VARIABLE data.

Step 4. Setting of concentric circles.

In order to specify the “key scale” that the “key factors” act at the
maximum potency, ten sizes of concentric circle centered on the den
sites and the control points were set on the analytical base map.

Step 5. Calculation of the values of nine predictor variables
for each concentric circle. ’ . WROAD 3%

(7))
)
Q
7))
()
)
©
©
(T
O
c
o
=
©
| &
©
Q.
Q
L .
Q.

Nine variables: WROAD, NROAD, OCPBL, VCTBL, WATER, \’;‘V':(')I'IERD i:
RIVER, FARM, GREEN, and BLANK, were set for every den RIVER 0%
site and control point, and these values were calculated for Vel 1
each concentric circle. FARM  39%
These nine were used as the values of PREDICTOR GREEN 15%
VARIABLES to extract the “key factors” . BLANK  31%

The best model was selected

from all possible models by AIC inspection.
The AIC value can indicate the relative validity
of each model among generated models, WATER PREDICTOR
and the value was obtained for every model. WROAD  NROAD VARIABLES

: s OBJECTIVE
(= Step 6. Generating all possible models. VAGIAGLE
_g All possible models were generated p
using logistic regression analysis resence
(8 with “presence” or “absence” of a fox den P
Q as the objective variable and with the nine landscape
E categories as the predictor variables.
(7]
— Step 7. Selection of the best model. L
Q absence
©
§

Figure 5. The protocol for the modeling process.
*See also the legend of Figure 6: box A.
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M3-1. Assumptions of the modeling

The regression analysis consisted of the presence or absence of a
fox den as the objective variable, and nine categories of landscape features
as the predictor variables. The nine predictor variables were presented by
percentages of area occupied by nine categories of landscape features:
“wide road” (WROAD), “narrow road” (NROAD), “occupied building”
(OCPBL), “vacant building” (VCTBL), “water place” (WATER), “riverbed”
(RIVER), “farmland” (FARM), “green covered area” (GREEN), and “blank
space” (BLANK). These were equipped for analyzing urban habitat use by
red foxes based on previous studies on fox habitat selection (Krim et al,
1990; Meia and Weber, 1992; Nakazono and Ono, 1987; Roman, 1984;
Scott and Selko, 1939; Sheldon, 1950; Uraguchi and Takahashi, 1998; Zhou
et al, 1995). These variables were carefully chosen to reflect the
sensitivity of foxes against artificial structures when they select the den
sites.

Detailed definitions of landscape feature categories and those of

corresponding variables and abbreviations are shown in Table 1.

M3-2. Modeling process

The detailed modeling process is described below. The process
consists of the preparation of data sets (Step 1-5) and model selection (Step
6-7). A series of modeling processes was performed using statistical

software R 3.0.3 (The R Project for Statistical Computing) (R Core Team,
20



Table 1. Definitions of the landscape feature categories and terms, and

their corresponding variables and abbreviations.

Category of

Definition of term
landscape feature

Abbreviation of
modeling variable

Abbreviation of
linear distance

variable
Wide road* Paved roads (> 5.5 m width) and railways. WROAD L-wroad
Narrow road* Paved roads (< 5.5 m width) and unpaved roads. NROAD L-nroad
Water place* Rivers, streams, and drains. WATER L-water
Riverbed* Vegetated or dried areas along rivers. RIVER L-river
Buildi | . h ..
Occupied building*™* : u1ldmgs. that are always occupied by human activity, OCPBL L-ocpbl
i.e. dwelling houses, outlets, and schoolhouses.
Vacant building** Buildings that are not always occupied by human activity, i.e. VCTBL Lvetbl
barns, garden sheds, and garages.
Farmland*** Meadowlands and croplands. FARM L-farm
Green covered area™** F;reen covered areas except for riverbeds and farmlands, GREEN L-green
i.e. urban parks and urban green spaces.
Remaini h .
Blank space*** emaining areas that do not have any roads, rivers, water, BLANK L-blank

buildings, or vegetation.

* Based on definition of numerical information maps.
** Based on definition of numerical information maps and house maps.
*#* Extracted from aerial photographs.

21



2014) and the R packages of alllogistic (Aoki) and glm2 (Marschner,

2012).

Step 1.  Customization of analytical base maps

A specialized analytical base map was prepared for each study area
by customizing existing thematic maps to render the whole study area in
nine categories of landscape features: “wide road”, “narrow road”,
“occupied building”, “vacant building”, “water place”, “riverbed”, “farmland”,
“green covered area”, and “blank space”.

The categories “occupied building” and “vacant building” were
distinguished to investigate whether foxes were sensitive to the presence
of humans or artificial structures. “Water place” and “riverbed” were
distinguished for detailed investigation of the reason why foxes prefer den
sites near a river. It was reported previously that red foxes prefer sites
near a river; however, it has not yet been clarified whether they are
attracted to rivers just as a source of water or whether they are attracted
to other environmental factors associated with the river, such as a
riverbed with a slope and dry sand that may enable them to dig easily,
fewer invaders, many rodents as food, etc. (Takeuchi and Koganezawa,
1992; Uraguchi and Takahashi, 1998). The category “farmland” was
distinguished from “green covered area” to determine if foxes are sensitive
to disturbance by farmers or tractors.

The landscape data was referenced from several numerical
22



information maps from the National Land Numerical Information
download service (Geographical Survey Institute, Japan (Geographical
Survey Institute)) and the Fundamental Geospatial Data 25000 Web Map
Service (Geographical Survey Institute, Japan (Geographical Survey
Institute)), Residential Maps (Hokkaido-Chizu Co., Ltd. (Hokkaido-Chizu
Co., b) and ZENRIN Co., Ltd. (ZENRIN, 2003, 2006)), aerial photographs
(PHOTEC Co., Ltd. (PHOTEC Co.) and Google Earth (Google)), and field
inspection. The rendering process was performed using geographic
information system software (free software: Quantum GIS 1.8.0, QGIS
Development Team (QGIS Development Team)), a photo-retouching
software (free software: Paint.NET 3.5.10 (Brewster and Jackson)), and
image analysis software (free software: Image J, U. S. National Institutes of
Health (Rasband)). The latter two were used to extract and ascertain
borders of farmlands, green covered areas, and blank spaces from aerial
photographs, because these landscape features were not distinguished
fully in the numerical information maps.

These customized maps were used as the base maps for all
analyses described below. Detailed definitions of the nine landscape feature
categories are shown in Table 1. An example customized map is shown in

Figure 6.
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B Farm land
Den site Wide road m Occupied building Water place Green covered area
Control point Narrow road Vacant building River bed B Blank space

Figure 6. Example of customized analytical base map and calculation
methods by use of three types of predictor variables.

Box A shows an example of the calculation of the values of nine variables
for spatial modeling. Black open circles indicate ten sizes of concentric
circles (100-1000 m in radius, at 100 m intervals) centered on a den site
or a control point. In this figure, only circles of 200, 400, 600, 800, and
1000 m are shown. The pink circle indicates a 600 m concentric circle.
Percentages of the area occupied with the nine landscape feature
categories included in the circle centered on a den site were calculated as
shown in the pink call-out.

Box B shows an example of habitat determination by single point analysis.
Black open circles indicate a 10 m radius circle centered on a den point or
a control point. Just one habitat of a den site included in the radius is
determined as shown in the pink call-out.

Box C shows an example of measurements of the values of nine variables
for linear distance analysis. Black arrows indicate the shortest distances
to the nine landscape feature categories from a den site or a control
point. The distances to the nearest nine landscape features from a den
site were measured as shown in the pink call-out.

24



Step 2. Sampling of fox den locations

Fox dens were located as “presence” values of objective variable,
and den locations were dotted on the customized analytical base map.

Dens were found by exploring all vegetated areas and unpaved
ground along the riverbed from 2002 to 2004 in the Obihiro study area
(Figure 4-A), on the basis of the results of questionnaire surveys
conducted with staff of city cleaning departments, students of twelve public
junior high schools, and farming families. Exploration was carried out from
2004 to 2007 in the Sapporo study area (Figure 4-B) with the support of
hunters in addition to location data collected from farmers and previous
reports (Oku et al, 2005; Tsukada et al.,, 2000). All tunnels with a diameter
of circa 20 cm excavated by animals were regarded as red fox dens
(Nakazono, 1970; Uraguchi and Takahashi, 1998). Another animal that
may use such dens around the study areas is Nyctereutes procyonoides Gray,
1834 (Raccoon dog), but this is a nonnative species and has not taken root
yet in the present study areas. The location data of all dens found through
the field surveys were recorded using a GPS receiver (Garmin Ltd., GPS

12CX), and plotted on the customized analytical base map.

Step 3. Setting of control points

As against the points with dens present, control points were dotted
randomly on the customized analytical base map as “absence” objective

variable data.
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In total, 120 points in the Obihiro and 730 points in the Sapporo
study areas were generated randomly as points with dens absent on the
customized analytical base map. The random points were eliminated and
generated newly if they were located on roads, in occupied buildings, or in

water. Points on farmland were accepted as control points in this study.

Step 4.  Setting of concentric circles

In order to specify the “key scale”, ten sizes of concentric circles
were set.

An example of these concentric circles is shown in Figure 6-A. The
circles were 100 m in radius centered on every den and control point on
the analytical base map, and each circle was expanded to 200, 300, 400,
500, 600, 700, 800, 900, and 1000 m from each point in a concentric
pattern (200, 400, 600, 800, 1000 m circles are shown in Figure 6-A). The
“key scale” was determined from these circles. The values of variables
defined in Step 5 were calculated for each circle around all den sites and

control points.

Step 5. Calculation of the values of nine variables for each concentric circle

The values of nine variables within each concentric circle set in Step
4 were calculated as predictor variables. This calculation was carried out

for each size of concentric circle for every den site and control point (as in
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Figure 6-A: pink balloon).

Step 6.  Generating all possible models

All possible models (9C1 + 9C2 + 9C3 +... + 9Co = 511 models) were
generated using logistic regression analyses with “presence” or “absence”
of a fox den as the objective variable (see Steps 2 and 3), and nine
landscape variables: WROAD, NROAD, OCPBL, VCTBL, WATER, RIVER,
FARM, GREEN, and BLANK as the predictor variables (see Step 5). This

procedure was conducted for each of the concentric circles (see Step 4).

Step 7. Selection of the best model

Out of all models generated in Step 6, the most parsimonious model
was selected using AIC inspection. The AIC can indicate the relative
validity of each model among all the models generated. The lower the AIC
value is, the higher the relative validity of the model will be. The rank of
the models can be determined using the AIC value only among the values
generated for the same objective variable from the same set of predictor
variables. For example, the AIC values for the models of Obihiro and

Sapporo study areas cannot be compared.
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M3-3. Modelvalidation

The best models established here were validated by the area under
the curve (AUC) of the receiver operating characteristic (ROC) curve. The
AUC can be used to validate the model’s accuracy, i.e. the validity of the
variables set included in the model (Kulkarni et al, 2010). AUC values
range between 0.5 (low accuracy) and 1 (high accuracy).

Prediction performances (= probabilities of correct prediction:
den-present or -absent) of the established models were also evaluated by
the rates of concordance between predicted values by the models and

observed values.

M4. Analysis 2: Analyses by traditional methods

The traditional methods (univariate analyses, not regression
modeling) target only the “key factors” extraction, not the “key scale”. The
nine landscape feature categories (defined in Step 1 and Table 1) and the
control points (generated in Step 3) were shared with the spatial modeling
protocol. The validity of these analytic methods is also discussed (see

DISCUSSION: D2-2).

M4-1. Single point analysis
The first traditional analysis method regards the den site as just a

“single point” habitat, not a complex of environmental features. This is the
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most primitive method of quantitative analysis of den site distribution
patterns. This method is not capable of extracting detailed “key factors” of
den site selection but is convenient for providing a brief overview of the
tendencies of den sites distribution. The habitat of a den site was
determined using only one major landscape feature: “wide road”, “narrow
road”, “occupied building”, “vacant building”, “water place”, “riverbed”,
“farmland”, “green covered area”, and “blank space” in a 10 m radius
centered on the den point. An example of this determination of habitat is
shown in Figure 6-B. The habitat of a control point (120 points in Obihiro
and 730 points in Sapporo) was determined in the same way. The habitats
of den sites and habitat availability were compared by 9 x 2 G-test of

fitness (Sokal and Rohlf, 1994).

M4-2. Linear distance analysis

The second traditional analysis method evaluates the disturbing or
attracting factors as “linear distance” from the den site. This popular
method of quantitative analysis of relative usage of landscape can be used
to extract “key factors” for den site selection. Nine variables for this
analysis were set. The variables representing each den point were
determined as the distances from each den to the nearest “wide road”
(L-wroad), “narrow road” (L-nroad), “occupied building” (L-ocpbl),
“vacant building” (L-vctbl), “water place” (L-water), “riverbed” (L-river),

“farmland” (L-farm), “green covered area” (L-green), and “blank space”
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(L-blank). An example of the measuring method of the values of each
variable is shown in Figure 6-C. Detailed definitions of landscape feature
categories and the corresponding variables and abbreviations are shown
in Table 1. Values of the nine variables were calculated for den sites and
control points (120 points in Obihiro and 730 points in Sapporo) and the
values were compared by Mann-Whitney U test (Uraguchi and Takahashi,

1998).
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RESULTS

In the Obihiro study area, a total of 35 fox dens were found (0.59
dens /2,793 people /km2). All dens found were tunnels excavated in the
ground. Most were dug in flat ground and a few dens were on a slope.

In the Sapporo study area, a total of 65 fox dens were found (0.18
dens /5,042 people /km2). All dens reported in previous studies (21 dens)
in 1997, 1998 (Tsukada et al, 2000) and 2003 (Oku et al, 2005) still
existed exactly at the same location or in the close vicinity. The owners of
these dens were considered to be the offspring of the previous owners,
because red foxes tend to inherit the dens in which they were born and
raised. The remaining 44 dens were newly found in the present study. Most
dens were excavated in the ground, but eight found in the UPA were
converted from artificial structures such as abandoned barns or stacks of
scrap wood and building materials. For the dens dug in the ground, dens in

riverbeds were on a slope but most were dug in flat ground.

R1. Established fox den site selection models

The best model consisting of the best combination of the “key
factors” and “key scale” for den site selection by foxes was determined for
each city. Higher ranked models for each study area are listed in Tables 2

and 3, and the confidence intervals of the regression coefficients included
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in each model are shown in Tables 4 and 5. Changes in AIC values of the
models depending on the sizes of concentric circles are shown in Figure 7.
AUC values that indicate the model’s accuracy were shown in Table 6. The
rates of concordance between predicted results by the established models
and observed values that indicate the prediction performance of the
models were shown in Figure 8.

In the Obihiro study area, higher ranked models produced
comparatively stable variables, as shown in Table 2. The lowest AIC value
was given for the model with a 500 m radius concentric circle size (Figure
7) and the accuracy of this best model is sufficiently high (AUC= 0.987;
Table 6). Extracted variables within the best size of concentric circle were
WROAD, NROAD, OCPBL, and GREEN. The directions of effect of these
variables were minus for WROAD, NROAD, and OCPBL, and plus for GREEN
depending on partial regression coefficients. The prediction formula of the
best model is shown below. “p” indicates the probability of fox denning at a
targeted point.

1
P exp{-(1.749— 0.306WROAD— 0.709NROAD — 0.3380CPBL + 0.61 3GREEN)}

This formula indicates the probability of denning by red foxes in the
Obihiro urban area is high in areas that include low densities of wide roads,
narrow roads, and occupied buildings, and a high density of green covered
areas within a 500 m radius area. Probability of correct prediction by this
Obihiro model was 92.3% (Figure 8-A).

Application example of this model is shown in Figure 9-A. If you
34
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Figure 7. Changes in AIC values depending on the size of concentric
circles in the two study areas.

AIC values of the best models of each of the ten sizes of concentric circles
are shown. Arrows indicate the best radius of the concentric circles.
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Table 6. Comparison of the model’s accuracy among the variable types.

Obihiro Sapporo
Type of variable Selected Model Model Selected Model Model
variables AUC R? variables AUC R?
WROAD WROAD
P t f NROAD RIVER
cteentages o 0.987 0.781 0.995 0.904
landscape features* (QCPBL OCPBL
GREEN GREEN
L-river
L-river L-ocpbl
Linear distance 0.722 0.128 L-vctbl 0.881 0.298
L-green
L-farm
L-blank
Single point habitat  n/a** - - n/a** - -

* The values are shown for the best model for each study area.

** Single point habitat is not applicable as the predictor variable for modeling because this

variable is univariate.
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A

predicted
Obihiro Model total
den-absent | den-present
den-absent 113 7 120
observed
den-present 5 30 35
total 118 37 155
- . 113+30)
Probability of correct prediction _ ( N B
of the Obihiro model - 155 = 0923 = 92.3%
B predicted
Sapporo Model total
den-absent | den-present
den-absent 729 1 730
observed
den-present 5 60 65
total 734 61 795
Probability of correct prediction _ (729+60) - 0992 = 9929%
of the Sapporo model - 795 - T I5en

Figure 8. The rates of concordance between predicted results by the
established models and observed values for Obihiro (Box A) and
Sapporo (Box B) models.

Pink cells indicate the case numbers that were correctly predicted
whether dens should be present or absent. Prediction performance of
each model was calculated as the probability of correct prediction.
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If you want to know the probability calculate each % of four factors
of fox denning at a targeted point o X
in the urban area of Obihiro City, within the 500 m radius

® & \ centered on the target point,

wide roads: 3%

narrow roads: 7%

green covered

areas: 12% ocupied

buildings: 19%

1

1+exp{-(1.749-0.306 WROAD-0.709 NROAD-0.338 OCPBL+0.613 GREEN)}
1

1+exp{-(1.749-0.306x3-0.709x7-0.338x19+0.613x12)}

9 apply the values to Obihiro Model.
p

Application example of Obihiro Model

Fox denning probability
=0.054 - . .
of this point is 5.4% A
Iff\;ou \évant,to kr;ovz the ?rgbatgilittv calculate each % of four factors
OT Tox denning at a targetead poin . . .
in the urban area of Sapporo City, within the 300 m radius .
R centered on the target point,

> '%09
s

wide roads: 4%

green covered
areas: 11%

riverbeds: 24%

9 apply the values to Sapporo Model. gf;-,‘,ﬂ'iigs: 7%
_ 1
p- 1+exp{-(-10.167-0.169 WROAD+0.328 RIVER- 0. 128 OCPBL+0.575 GREEN |}
_ 1
" l+exp{-(-10.167-0.169x4+0.328x24-0.128x7+0.575x11)}

E
©
§
o
S
o
Q.
Q
(G
s
©
i
o
S
a
)
c
o
e
S
a
o}
<

_ Fox denning probability
S » of this point is 92.1% B

Figure 9. Application examples of the established models for the two cities.
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want to know the probability of fox denning at a targeted point in the
urban area of Obihiro City, 1) calculate each percentage of wide roads,
narrow roads, occupied buildings, and green covered areas within the 500
m radius centered on the point, 2) apply the values to the model, and then,
you can calculate the probability.

In the Sapporo study area, higher ranked models produced
comparatively stable variables, as shown in Table 3. The lowest AIC value
was given for the model with a 300 m radius concentric circle size (Figure
7) and the accuracy of this best model is sufficiently high (AUC= 0.995;
Table 6). Extracted variables within the best size of concentric circle were
WROAD, OCPBL, RIVER, and GREEN. The directions of effect of these
variables were minus for WROAD and OCPBL, and plus for RIVER and
GREEN depending on partial regression coefficients (Table 3). The

«_.n

prediction formula of the best model is shown below. “p” indicates the
probability of fox denning at a targeted point.

1
P=1y exp{~(~10.167—0.169OWROAD + 0.328RIVER —0.1280CPBL +0.575GREEN )}

This formula indicates that the probability of denning by red foxes
in the Sapporo urban area is high in areas that include low densities of
wide roads and occupied buildings, and high densities of riverbeds and
green covered areas within a 300 m radius area. Probability of correct
prediction by this Sapporo model was 99.2% (Figure 8-B).

Application example of this model is shown in Figure 9-B. If you

want to know the probability of fox denning at a targeted point in the
41



urban area of Sapporo City, 1) calculate each percentage of wide roads,
occupied buildings, riverbeds, and green covered areas within the 300 m
radius centered on the point, 2) apply the values to the model, and then,

you can calculate the probability.

R2. Results of traditional analyses

R2-1. Single point analysis

The tendency of den site distribution was examined by analysis
using a single point habitat. Out of the 35 dens found in Obihiro study area,
16 (45.7%) were on “riverbed”, 16 (45.7%) were in “green covered area”,
and the remaining 3 (8.6%) were in “farmland” (Table 7). Out of all 65
dens found in Sapporo study area, 37 (56.9%) were in “green covered
area”, 11 (16.9%) were in urban “farmland”, 9 (13.8%) were on “riverbed”,

and the remaining 8 (12.3%) were in “vacant building” (Table 8).

R2-2. Linear distance analysis

The “key factors” for den site selection were determined from
comparison of linear distance variables between den points and control
points. Foxes in the Obihiro study area preferred places near “riverbed”
(L-river) (p= 0.0037) and “green covered area” (L-green) (p= 0.0027) as
den sites. No significant differences were found in the distance to “wide

road” (L-wroad) (p= 0.9676), “narrow road” (L-nroad) (p= 0.9216), “water
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Table 7. Distribution pattern of the red fox dens and control points
per single point habitat in Obihiro study area.

Single point habitat Nurr¥ber of Numbe.r of
den sites (%) control points (%)
Wide road 0 (0.0) - -
Narrow road 0 (0.0) - -
Water place 0 (0.0) . .
Riverbed 16 (45.7) 13 (10.8)
Occupied building 0 (0.0) - -
Vacant building 0 (0.0) 19 (15.8)
Farmland 3 (8.6) 25 (20.8)
Green covered area 16 (45.7) 28 (23.3)
Blank space 0 (0.0) 35 (29.2)
Total 35 (100) 120 (100)

G=48.947, p <0.0001.



Table 8. Distribution pattern of the red fox dens and control points
per single point habitat in Sapporo study area.

Single point habitat Nurr¥ber of Numbe.r of
den sites (%) control points (%)
Wide road 0 (0.0) - -
Narrow road 0 (0.0) - -
Water place 0 (0.0) - -
Riverbed 9 (13.8) 72 (9.9)
Occupied building 0 (0.0) - -
Vacant building 8 (12.3) 160 (21.9)
Farmland 11  (16.9) 122 (16.7)
Green covered area 37 (56.9) 175 (24.0)
Blank space 0 (0.0) 201 (27.5)
Total 65 (100) 730 (100)

G=57.005, p <0.0001.



place” (L-water) (p= 0.0990), “occupied building” (L-ocpbl) (p= 0.0719),
“vacant building” (L-vctbl) (p= 0.9488), “farmland” (L-farm) (p=
0.8552), or “blank space” (L-blank) (p= 0.0673) from dens (Table 9). Foxes
in the Sapporo study area preferred places near “riverbed” (L-river) (p
<0.0001), “farmland” (L-farm) (p <0.0001), or “green covered area”
(L-green) (p <0.0001) as den sites. No significant differences were found
in the distance to “wide road” (L-wroad) (p= 0.3091), “narrow road”
(L-nroad) (p= 0.5728), “water place” (L-water) (p= 0.7242), “occupied
building” (L-ocpbl) (p= 0.3728), “vacant building” (L-vctbl) (p= 0.0941), or

“blank space” (L-blank) (p= 0.3470) from dens (Table 10).
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Table 9. Average distances (£SD) from the nearest landscape feature to the
red fox dens and control points in Obihiro study area.

Linear distance Den site Control point
parameter g m) " dsncem) '
L-wroad 173 (£132) 35 167 (¥103) 120 0.9676
L-nroad 64 (£56) 35 61 (£51) 120 0.9216
L-water 141 (x185) 35 157 (£225) 120 0.0990
L-river 288 (+387) 35 722 (¥1003) 120 0.0037 *
L-ocpbl 200 (+238) 35 195 (+108) 120 0.0719
L-vctbl 110 (+93) 35 109 (+86) 120 0.9488
L-farm 468 (£390) 35 531 (+480) 120 0.8552
L-green 115 (x176) 35 272 (¥309) 120 0.0027 *
L-blank 246 (+168) 35 222 (+248) 120 0.0673

*p <0.05
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Table 10. Average distances (£SD) from the nearest landscape feature to the
red fox dens and control points in Sapporo study area.

Linear distance Den site Control point
parameter ditance m) s )" '
L-wroad 306 (+x364) 65 196 (x121) 730 0.3091
L-nroad 86 (+75) 65 77 (¥42) 730 0.5728
L-water 370 (x514) 65 362 (+591) 730 0.7242
L-river 1024 (£996) 65 2446 (x1766) 730 <0.0001 *
L-ocpbl 152 (x130) 65 143 (+84) 730 0.3728
L-vctbl 111 (¢108) 65 79 (£57) 730 0.0941
L-farm 352 (x661) 65 1747 (x1364) 730 <0.0001 *
L-green 155 (+425) 65 178 (x197) 730 <0.0001 *
L-blank 106 (+89) 65 93 (+75) 730 0.3470
*p <0.05
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DISCUSSION

In this study, a new spatial model established to specify the
potential habitat of urban red fox dens with a view to preventing
contamination by E. multilocularis eggs. This model detects the first
priority of environmental requirements for den site selection by red foxes
in urban areas to identify the suitable locations for delivering anthelmintic
baits. The present study’s approach focused on the den distribution of red
foxes, the definitive host, which differs from previous studies that focused
on observed cases of infection in humans or foxes. The new modeling
protocol was developed by modifying a general modeling method
commonly used for arthropods. A discussion is made below for the
differences between the general modeling and the new protocol.

In addition to establishment of the new spatial model, two
traditional habitat analyses were conducted to compare the tendencies of
denning requirements between urban foxes in the present study and

non-urban foxes from previous studies.

D1. Fox den site selection models

D1-1. Interpretation of the models

Obihiro City model suggested that red foxes heed the environment

within a 500 m radius from their den sites, and prefer low densities of wide
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roads, narrow roads, and occupied buildings, and a high density of green
covered areas within this range. For Sapporo City, their heeding range is
300 m radius and they prefer low densities of wide roads and occupied
buildings, and high densities of rivers and green covered areas.

The difference in size of the heeding range for denning between the
two cities may come from differences in sensitivity to the surroundings
depending on the degree of urbanization, although this cannot be judged
from the present study. Although the size of the ranges differed greatly
between the two cities, foxes commonly focused on the densities of wide
roads, occupied buildings and green covered areas for their den sites even
if the degrees of urbanization were different (Tables 2 and 3, Figure 7).

In regard to the preference for sites with a high proportion of
green covered areas, this was considered reasonable and appropriate
because vegetated ground is easy to dig for denning (Roman, 1984), and
the canopy will protect the den from direct sunlight and rain (Goszczynski,
1989; Uraguchi and Takahashi, 1998). Furthermore, a vegetated
environment will have a high density of prey animals compared with
artificial landscapes and thickets prevent easy access by humans. The
avoidance of areas with a high density of wide roads and occupied
buildings may arise from the low proportion of green covered areas in
such areas. Alternatively, a high density of wide roads in their core living
area may raise the risk of car accidents. In the present study, the

categories “OCPBL” and “VCTBL” were purposely separated in order to
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clarify the ecological implication of building structures for red foxes, and
the result of ignoring vacant buildings suggests that red foxes are nervous
about the presence of occupants, not just building structures. In fact, some
dens were observed in abandoned barns in Sapporo City. The tolerance to
building structures could be developed in Sapporo population and vacant
buildings may provide acceptable environment, which save effort of
digging dens and can be even beneficial as a shelter from invaders, such as
crows and raptores hunting cubs.

The avoidance of areas with a high density of narrow roads was
confirmed only in Obihiro City. For narrow roads, the main users are not
cars but pedestrians, bicycles, and dogs accompanied by owners. In the
present study areas, foxes tended to avoid walking or cycling people but
not cars as potential invaders. The presence of humans and dogs
negatively affects denning activity (unpublished data). This result may be
affected by varying degrees of tolerance by red foxes toward humans and
dogs depending on the degree of urbanization of their territories, which
was considered a prevailing reason why the heeding range for denning is
larger in Obihiro City than in Sapporo although further research is needed
on this topic.

The preference for riverbed areas was confirmed only in Sapporo
City. Riverbeds have similar advantages to green covered areas for foxes.
The study area in Sapporo City had a much lower proportion of green

covered areas than that of Obihiro, hence, it was suspected that they select
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riverbed areas to compensate for the lack of the most suitable habitat.

D1-2. Improved points in the developed modeling protocol

The general modeling method required modifications as discussed
in order to extract environmental factors for denning requirements for this

mid-sized mammal in the micro-habitats of urban landscapes.

Point 1.  Targeting “presence or absence” of dens, not “abundance” of individuals nor dens

Models of potential habitats of red foxes within the urban area need
to be based on the “presence or absence” of the dens, not on the
“abundance” of individuals. In arthropod modeling, it is recommended that
the models need to be based on vector abundance rather than simply
vector presence (Eisen and Eisen, 2008). However, this is not applicable to
fox den-based modeling at a city level. The unit for red foxes is a family
consisting of approximately 4-7 individuals and an exclusive territory
maintained by the family members. Hence, the densities of fox individuals
on a grid do not represent the suitability of habitat as is the case for
arthropods, because fox territories do not overlap each other, and the
density of individuals in a territory varies just depending on the family size.
Moreover, the size of each territory is always larger than a standard grid
on existing maps especially in the area having low fox densities, and the

density of individual is too low to make a comparison. In contrast, the
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presence of dens represents the habitat suitability for foxes. Dens are the
pivot of their territories, and suitable environments for making dens are
fundamental to setting up a territory. I used the presence or absence of
dens as the target of modeling. Neither the number nor density of dens
makes any sense on this modeling because a fox family always owns and

maintains multiple dens in a territory.

Point 2. Setting predictor variables appropriate for urban red foxes

New variables were set as predictor variables for the logistic
regression analysis in this study, although the general modeling method
conveniently uses landscape feature categories of existing thematic maps
as predictor variables. My pre-observation study suggested that
disturbance is the critical factor for the establishment of red foxes in
urban landscape; however, few landscape categories in existing thematic
maps were sufficient to evaluate these factors. Analysis with
inappropriate variables will lead the extraction of exact environmental
requirements into failure (Cecchi et al, 2008). Hence, more detailed
categories focusing on the degree of disturbance and usage for red foxes
are necessary to set appropriate variables to extract sufficient
environmental requirements for foxes in urban landscapes. Nine new
landscape features were set as variables for this purpose, and the

analytical base map was newly rendered to fit these new variables.
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Point 3. Modeling with a optimal resolution, "key scale”

The “key scale” was determined using multiple concentric circles
(see METHODS: M3-2: Step 4), instead of using arbitrary sized grids (=
resolutions) on the existing thematic maps. An arbitrary grid size has
usually been used as a modeling unit in many previous studies; however, it
was reported that modeling based on the proper scale for the target
species is necessary to extract precise environmental factors (Cecchi et al,,
2008; McPherson et al, 2004), or establishing a model based on an
arbitrary grid size may lead to over- or under-estimates of potential as
habitats (Austin, 2002; Gibson et al, 2004). Meanwhile, any grid or
polygon on an existing thematic map is not always adoptable to extract the
denning requirements of urban red foxes. The new method developed in
this study solves the problem of the disagreement between arbitrary grid
size and actual requisite scale of the target species by determining the
scale for each study area in the process of modeling. My observations
suggested that the size of the heeding range for denning can vary
depending on their sensitivity to disturbance, for example, foxes in
Sapporo City seem to be nervous about smaller range than foxes in Obihiro
City. The new model determined the heeding ranges as circles of 500 m
radius in Obihiro City (Table 2) and of 300 m in Sapporo City (Table 3), as

“key scale”, i.e. modeling unit for each city.
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D2. Traditional analyses

D2-1. Comparison with non-urban areas in previous reports

The results of analyses using two traditional methods in the present
study and the results in previous papers showed similar tendencies of den
site selection by red foxes; however, the new category of the riverbed
environment revealed a more precise reason of the preference.

The result of the single point habitat analysis showed that foxes
preferred riverbeds, farmlands, and green covered areas as den sites in
both Obihiro and Sapporo City (Tables 7 and 8). Indicating preference to
riverbeds and green covered areas was reasonable and agree with
previous reports (Goszczynski, 1989; Roman, 1984; Uraguchi and
Takahashi, 1998), as is described also in DISCUSSION: D1-1, and farmlands
assumed to play a similar role in some cases. The preference of this kind of
environment was frequently suggested in other landscapes (Krim et al,
1990; Meia and Weber, 1992; Nakazono and Ono, 1987; Roman, 1984;
Scott and Selko, 1939; Sheldon, 1950; Uraguchi and Takahashi, 1998; Zhou
et al, 1995).

Linear distance analysis in this study showed common tendencies
in the two study areas, in that foxes preferred places near riverbeds and
green covered areas as their den sites. On the other hand, they did not
exhibit any interest in the distance to wide roads, narrow roads, occupied
buildings, vacant buildings, water places, or blank spaces (Tables 9 and 10).

The preference for vegetated environments was also reported in other
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non-urban areas, as mentioned above, and in particular their preference
for sites in the vicinity of rivers is known (Takeuchi and Koganezawa,
1992; Uraguchi and Takahashi, 1998). In this study, preference for
riverbeds was high in both cities regardless of the degree of urbanization,
whereas a preference for water places was not confirmed (Tables 9 and
10), unlike in primitive forests and rural landscape (Roman, 1984;
Uraguchi and Takahashi, 1998). In the present study, the categories “water
place” and “riverbed” were purposely separated in order to extract the
ecological implications of rivers for red foxes. The preference for riverbeds
and the disregarding of water places suggests that they are attracted to
rivers as a consequence of the river environment (sloping banks and dry
sand that enable them to dig easily, few invaders, and many rodents as food,
etc.), not just as a source of water.

Although green covered areas were preferred in both study areas,
farmlands was preferred only in Sapporo City and disregarded in Obihiro
City (Tables 9 and 10). Farmlands may compensate for the lack of green
covered areas in Sapporo City. The different reaction to farmlands between
foxes in Obihiro and Sapporo City may be caused by different levels of
tolerance to disturbance by human activities. In fact, my direct observation
of some dens made in farmlands in Sapporo City suggested the red foxes
have some level of the tolerance to farming disturbance, because they
came back and remade dens soon in exactly the same places even when the

original dens were completely destroyed by farmers. Although these two
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categories of landscape, green covered area and farmland, could have huge
difference in the degree of disturbance by human activities, it is not
possible to judge the sensitivity or tolerance of red foxes to farming
disturbance in the present study. Another variable that can express the
degree of disturbance in farmland could be set to detect the sensitivity of

the red foxes.

D2-2. Invalidity of traditional methods for urban foxes

Specification of key environmental factors for red fox den site
selection should be conducted depending on the priorities of foxes among
the environment variables tested. However, both the single point and
linear distance analyses do not allow for determination of the rank order of
each variable, although these methods provide a quick means to obtain an
overview of the environmental tendencies. The unsuitability of these
methods arises from the lack of suitability of variables in a heterogeneous
urban landscape and the properties of the statistical tests (see METHODS:
M4. Analysis 2).

Variables used for the single point and linear distance analyses are
not appropriate to evaluate complex properties of landscape structure in
an urban environment. The single point variables oversimplify the
heterogeneous urban landscape with only one representative value for
each unit to express the fox’s home range. Linear distance variables are

also not appropriate for urban landscapes mainly consisting of artificial
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structures, such as roads and residences, at a high density. In the present
study areas, the artificial structures were distributed densely and evenly
across the areas; therefore, all points must be automatically located near
to these. This is probably the reason why minimum linear distances from
the artificial structures to actual den sites and to the random control points
are not significantly different. In fact, the new modeling method extracted
roads and occupied buildings as important avoiding factors for urban red
foxes, whereas the linear distance analysis could not detect these artifacts
variables (see RESULTS: R1 and R2-2, DISCUSSION: D1-1 and D2-1).
Generating models were tried with the significant variables extracted in the
linear distance analysis and found it was invalid (R2= 0.128 for Obihiro,
R2= 0.298 for Sapporo; Table 6). The predictive abilities are also low
compared with the best models established by use of the percentages of
landscape features as predictor variables (AUC= 0.722 for Obihiro, AUC=
0.881 for Sapporo; Table 6).

Univariate analyses such as G-test and Mann-Whitney U test can
only detect if the individual variables have significance or not. Because the
mere detection of significant variables cannot judge the rank order of
significance among them, multivariate analysis conducted in this study is
necessary for the extracting the most affecting variables by detecting the
weights (= contribution ratios) of individual variables. For example in
non-urban landscapes, the landscape components of roads, houses, areas of

vegetation, and rivers were listed as affecting environmental factors (Krim
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et al, 1990; Meia and Weber, 1992; Nakazono and Ono, 1987; Roman,
1984; Scott and Selko, 1939; Sheldon, 1950; Takeuchi and Koganezawa,
1992; Uraguchi and Takahashi, 1998; Zhou et al, 1995). However, the
comparative ranks of these factors were unclear. The modeling approach
can provide the contribution ratio and relative rank order of each variable.
This approach can be adopted for all landscape types, including urban,

suburban, rural, or primitive landscapes.
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CONCLUSIONS

Deworming treatment by anthelmintic baiting needs to be
conducted continuously at certain intervals to keep the local fox
populations clean. So the baits must be delivered at appropriate sites
which can perform maximum efficiency of deworming wild foxes. The den
site selection models established in this study enable to specify the
efficient sites for delivering baits. It will improve the cost-benefit
performance of the baiting campaign.

In this section, [ will make suggestions for E. multilocularis control
strategy and summarize essentials and perspectives of red fox-based
modeling, which plays a central role in the strategy, in accordance with the
findings from a series of analytic procedures in the present study and the

accumulated previous studies.

C1. Suggestions for anthelmintic baiting strategies

1. Aim to make the target area be occupied by an uninfected fox population.

Once the target area is occupied by fox families, the area will be
protected as their territories, making it hard for the population in this
area to be replaced by other, potentially infected, individuals from outside

(Figure 2-B). The prevalence could decrease if the foxes are kept as a
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“clean population”.

2. Deliver the baits to the potential sites of fox inhabiting

The baiting sites must be determined on the basis of the denning
probability that the place has, not just based on the current fox
distribution. Current fox distribution certainly ensures high efficacy of
deworming for the present, but this approach cannot adapt the
prospective changes in fox distribution pattern. Specifying the potential
sites of fox inhabiting would solve the problem fundamentally, and the

models established in this study would be valuable for it.

3. Establish the model for every city and accumulate the model patterns

The variation of the models shown in this study suggests that the
fox denning models may be classified into some patterns depending on the
city type. If we could find the rules of the patterns, for example, the rule
that red foxes change denning behavior depending on the degree of
urbanization of their territories, we will be able to guess the suitable
pattern of the model even for the city which fox distribution is unknown. It
may allow us to quick perform a treatment of anthelmintic baiting with a

better degree of precision without the laborious modeling process.
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C2. Essentials of the spatial modeling protocol

The den site selection models of urban red foxes have successfully
been established, and the new modeling protocol has also been developed
in this study. The model has been designed to extract the key
environmental factors and key spatial scale for den site selection
simultaneously. Although it is generally considered that narrowing down of
key factors for habitat selection in generalist species is difficult or
impossible, the protocol developed in this study enabled it by use of the
suitable variables for the target species. This modeling approach can be
adopted for every type of habitat, including urban, suburban, rural, or
primitive landscapes. The protocol includes some unique approaches, as
listed below (see also DISCUSSION: D1-2).

1. Targeting “presence or absence” of dens, not “abundance” of individuals
nor dens, especially in the area having low fox densities.

2. Setting predictor variables focusing on the degree of disturbance not
only usability for red foxes.

3. Detecting the key spatial scale (= heeding range) for denning to clarify
the appropriate modeling unit instead of applying arbitrary grid size or

resolution.

C3. Future tasks and perspective

Modeling in this study targets the foxes' habitat use during breeding

season. Expansion of the modeling season to non-breeding seasons will
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contribute to more efficient control of area contamination with E.
multilocularis eggs. It is known that foxes change their behavior drastically
depending on the season. They depart from their dens in autumn to winter
and show different resource requirements from spring to summer, which
is the middle of the breeding season. Models for breeding and
non-breeding seasons are necessary to identify efficient sites for bating
throughout the year.

Disease control tools must be universal and ubiquitous so that any
person under any conditions can use and arrange them as the situation
demands and at a low cost. However, a lack of thematic maps for the
analysis of mid-sized generalist mammals in urban areas is the biggest
problem at present. Quick modeling can be achieved if thematic maps
including all variables which are proposed in this study were available. In
this study, I used the free software and open-source analysis tools as much
as possible, in order to minimize costs. Vector- or transmitter-based
modeling can apply to the control of multiple zoonotic diseases from the
same vectors or transmitters (Eisen and Eisen, 2008). Preparing a set of
adequate thematic maps for the vectors and transmitters in urban areas is

reasonable from this viewpoint as well.
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ABSTRACT

Echinococcus multilocularis Leuckart, 1863 is a parasite which will
cause the human alveolar echinococcosis (HAE), one of the most serious
helminthic zoonoses. HAE is spreading widely in the northern hemisphere
and the number of cases has been increasing in recent years. The main
transmitter of the parasite to human is the red fox, Vulpes vulpes Linnaeus,
1758. Deworming wild red foxes by baiting with the anthelmintic
praziquantel is being established as a preventive technique to control the
parasite. Improvement of the costbenefit performance of baiting
treatment is required urgently to maintain the efficacy of deworming.

In the present study, the efficient sites to be delivered the
anthelmintic baits in urban area were determined by habitat modeling of
red fox den sites. Habitat modeling of the generalist (the species which
does not have any critical requirements for environmental resources) such
as red foxes is considered to be difficult by existent methods, so the new
protocol suitable for urban red foxes was developed.

The study was conducted in urban regions of Obihiro (about
59.8 km?) and Sapporo cities (about 367.9 km?2) in Hokkaido, Japan, in
which red fox populations have been established. The two cities have
different degrees of urbanization. Sampling of fox dens location was

conducted by thorough field exploring on the basis of the information from
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citizens. A total of 35 fox dens in Obihiro study area (from 2002 to 2004)
and 65 dens in Sapporo (from 2004 to 2007) were found. As against the
points with dens “present”, control points were dotted randomly on the
analytical base map as “absence” data (120 points in Obihiro; 730 points in
Sapporo). The base map was customized for analyzing red fox ecology
inhabiting urban areas by modifying existent numerical information maps,
residential maps, and aerial photographs, which consists of nine
micro-habitat categories: “wide road”, “narrow road”, “occupied building”,
“vacant building”, “water place”, “riverbed”, “farmland”, “green covered
area”, and “blank space”. These nine categories were set based on the
previous reports on red fox habitat and to express the urban landscape.
Den site selection modeling was conducted by use of the materials above
for the red fox population in each of Obihiro and Sapporo study areas. The
modeling protocol was designed to detect the best combination of the key
environmental factors and the key spatial scale that foxes pay attention to
(named "heeding range") when they select den sites, although the existent
method can only detect the key environmental factors. All possible models
were generated using logistic regression analysis, with “presence” or
“absence” of fox den as the objective variable, and the percentages of the
nine micro-habitat categories as predictor variables to detect the key
environmental factors. This procedure was conducted for each of ten sizes
of concentric circles (100-1000 m) from dens and control points to detect

the most affecting circle size, that is, the key spatial scale. Out of all models
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generated, the best model was selected using Akaike’s information
criterion (AIC) inspection. This procedure was done in the each of the two
study areas.

Established models suggest that requirements for denning are low
percentages of wide roads, narrow roads, and occupied buildings, but high
percentages of green covered areas within the circle of 500 m radius in
Obihiro fox population; low percentages of wide roads, occupied buildings,
but high percentages of riverbeds and green covered areas within 300 m
radius in Sapporo. The difference in size of the key spatial scale between
the two cities populations may come from the differences in their
sensitivities to the surrounding environments. Both populations focused
on the densities of wide roads, occupied buildings and green covered areas
in common for their den sites. Accuracy of these models were inspected by
area under the curve (AUC) of receiver operating characteristic (ROC)
curve, and the values showed that those models have sufficiently high
accuracy (AUC= 0.987 for Obihiro model; 0.995 for Sapporo model).
Besides, prediction performances were evaluated by calculating the rates
of concordance between observed and predicted values, and the rates were
also sufficiently high (92.3% for Obihiro model; 99.2% for Sapporo model).

In conclusion, the den site selection models of urban red foxes have
successfully been established, and the new modeling protocol has also
been developed. The established model could determine the efficient sites

for delivering baits, and it will improve the cost-benefit performance of the
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deworming by anthelmintic baiting campaign. Although it is generally
considered that habitat selection modeling for generalist species is difficult,
but the protocol developed in this study enabled it by use of the suitable
variables for the target species. This modeling approach can be adopted for
every type of habitat, including urban, suburban, rural, or primitive
landscapes. The variation of the models shown in this study suggests the
necessity of accumulating models for various types of cities in order to
reveal the patterns of the model. It will enable us to perform rapid and

efficient deworming campaign.

66



ACKNOWLEDGEMENTS

[ would like to express my deep gratitude to my supervisor,
Professor Ken Katakura (Laboratory of Parasitology, Graduate School of
Veterinary Medicine, Hokkaido University) for his important guidance and
advice and patient support throughout this study. I am also grateful to
Associate Professor Hirotomo Kato (Laboratory of Parasitology, Graduate
School of Veterinary Medicine, Hokkaido University) for his cordial advice
and encouragement.

I greatly appreciate Professor Hiroaki Kariwa (Laboratory of Public
Health, Graduate School of Veterinary Medicine, Hokkaido University),
Professor Toshio Tsubota (Laboratory of Wildlife Biology and Medicine,
Graduate School of Veterinary Medicine, Hokkaido University), and
Lecturer Kentaro Sakamoto (Laboratory of Physiology, Graduate School of
Veterinary Medicine, Hokkaido University) for their review of my
manuscript and valuable suggestions.

[ am deeply grateful to my former supervisors, Professor Keiichi
Onoyama (Laboratory of Wildlife Management, Obihiro University of
Agriculture & Veterinary Medicine), Professor Yuzaburo Oku (Laboratory
of Veterinary Parasitology, Faculty of Agriculture, Tottori University), and
Associate Professor Nariaki Nonaka (Laboratory of Veterinary Parasitic

Diseases, Faculty of Agriculture, University of Miyazaki). Their important

67



guidance and valuable suggestions have provided a good basis for the
present study.

My sincere thanks are due to Dr. Masashi Yoshimura, at
Biodiversity and Biocomplexity Unit, Okinawa Institute of Science and
Technology Graduate University for his detailed and constructive
suggestions and for his important support throughout this work.

[ wish to express my sincere thanks to Dr. Hideharu Tsukada
(National Agriculture and Food Research Organization) and Mr. Kohji
Uraguchi (Hokkaido Institute of Public Health) for their important
suggestions for field data collection and analytical methods.

[ owe a very important debt to the hunters in Sapporo City,
especially to Mr. Norio Hirose and Mr. Teruo Sasaki, and to the junior high
school students and city staff of Obihiro City for field data collection.

Special thanks also go to all former and current laboratory
members who have helped me with my work in the Laboratory of
Parasitology, Graduate School of Veterinary Medicine, Hokkaido University
and the Laboratory of Wildlife Management, Obihiro University of
Agriculture & Veterinary Medicine.

I wish to extend my warmest thanks to Dr. Masao Kamiya (Forum
on Environment & Animals) giving me the opportunity to conduct this
work.

Finally, I want to thank to my parents, sister, and all my friends and

relatives for their patient and loving support.

68



REFERENCES

Aoki, S. alllogistic (R package),

[http://aoki2.si.gunma-u.ac.jp/R/src/alllogistic.R].

Austin, M., 2002. Case studies of the use of environmental gradients in
vegetation and fauna modelling: theory and practice in Australia and
New Zealand, In: Michael ]J. Scott, Patricia J. Heglund, Michael L.
Morrison, Jonathan B. Haufler, Martin G. Raphael, William A. Wal],
Samson, F. B. (Eds.) Predicting Species Occurrences: Issues of Accuracy
and Scale. Island Press Washington, pp. 73-82.

Ayala, D., Costantini, C., Ose, K., Kamdem, G. C., Antonio-Nkondjio, C., Agbor, J.
P.,, Awono-Ambene, P., Fontenille, D., Simard, F., 2009. Habitat suitability
and ecological niche profile of major malaria vectors in Cameroon.
Malar | 8, 307.

Brewster, R., Jackson, T., 2009. Paint.NET v3.5.1,

[http: //www.getpaint.net/].

Cecchi, G., Mattioli, R. C,, Slingenbergh, ]., de la Rocque, S., 2008. Land cover
and tsetse fly distributions in sub-Saharan Africa. Med Vet Entomol 22,
364-373.

Deplazes, P, Gloor, S., Stieger, C., Hegglin, D., 2002. Urban transmission of
Echinococcus multilocularis., In:  Craig, P., Pawlowski, Z. (Eds.) Cestode

Zoonoses: Echinococcosis and Cysticercosis. [0S Press, Amsterdam, pp.

69


http://aoki2.si.gunma-u.ac.jp/R/src/all.logistic.R%5d�
http://www.getpaint.net/%5d�

287-297.

Eckert, J., Deplazes, P., 2004. Biological, epidemiological, and clinical aspects
of echinococcosis, a zoonosis of increasing concern. Clin Microbiol Rev
17,107-135.

Eckert, ]J., Deplazes, P., Craig, P. S., Gemmell, M. A.,, Gottstein, B., Heath, D.,
Jenkins, D. J.,, Kamiya, M., Lightowlers, M., 2001. Echinococcosis in
animals: clinical aspects, diagnosis and treatment., In: Eckert, J.,
Gemmell, M. A., Meslin, F.-X., Pawtowski, Z. S. (Eds.) WHO/OIE Manual
on Echinococcosis in Humans and Animals: a Public Health Problem of
Global Concern. World Organization for Animal Health, Paris, pp. 72-99.

Eisen, R. ]., Eisen, L., 2008. Spatial modeling of human risk of exposure to
vector-borne pathogens based on epidemiological versus arthropod
vector data. ] Med Entomol 45, 181-192.

Eisinger, D., Thulke, H. H., 2008. Spatial pattern formation facilitates
eradication of infectious diseases. ] Appl Ecol 45, 415-423.

Geographical Survey Institute, Japan-a. Fundamental Geospatial Data 25000

Web Map Service, [http://www.gsi.go.jp/kiban/index.html].

Geographical Survey Institute, Japan-b. National Land Numerical

Information download service, [http://nlftp.mlit.go.jp/ksj-e/index.html].
Gibson, L. A.,, Wilson, B. A., Cahill, D. M., Hill, J., 2004. Modelling habitat
suitability of the swamp antechinus (Antechinus minimus maritimus) in
the coastal heathlands of southern Victoria, Australia. Biol Conserv 117,

143-150.

70


http://www.gsi.go.jp/kiban/index.html%5d�
http://nlftp.mlit.go.jp/ksj-e/index.html%5d�

Gloor, S., 2002. The Rise of Urban Foxes (Vulpes vulpes) in Switzerland and
Ecological and Parasitological Aspects of aFox Population in the
Recently Colonised City of Zurich. Dissertation. University of Zurich,
Zurich.

Google, Google Earth, [http://www.google.com/earth/].

Goszczynski, J., 1989. Population dynamics of the red fox in central Poland.
Acta Theriol (Warsz) 34, 141-154.

Harris, S., 1981. An estimation of the number of foxes (Vulpes vulpes) in the
city of Bristol, and some possible factors affecting their distribution. ]
Appl Ecol 18, 455-465.

Harris, S., Rayner, J. M. V,, 1986. Urban fox (Vulpes vulpes) population
estimates and habitat requirements in several British cities. ] Anim Ecol
55,575-591.

Hegglin, D., Deplazes, P., 2008. Control strategy for Echinococcus
multilocularis. Emerg Infect Dis 14, 1626.

Hegglin, D., Ward, P. 1., Deplazes, P, 2003. Anthelmintic baiting of foxes
against urban contamination with Echinococcus multilocularis. Emerg
Infect Dis 9, 1266.

Hokkaido-Chizu Co., Ltd.-a. Residential map Sapporo City East.
Hokkaido-Chizu Co.,Ltd., Asahikawa.

Hokkaido-Chizu Co., Ltd.-b. Residential map Sapporo City North.
Hokkaido-Chizu Co.,Ltd., Asahikawa.

Inoue, T.,, Nonaka, N., Kanai, Y., Iwaki, T., Kamiya, M., Oku, Y., 2007. The use

71


http://www.google.com/earth/%5d�

of tetracycline in anthelmintic baits to assess baiting rate and drug
efficacy against Echinococcus multilocularis in foxes. Vet Parasitol 150,
88-96.

Janko, C., Konig, A., 2011. Disappearance rate of praziquantel-containing
bait around villages and small towns in southern Bavaria, Germany. ]
Wildl Dis 47, 373-380.

Janko, C., Linke, S., Romig, T., Thoma, D., Schréoder, W., Koénig, A., 2011.
Infection pressure of human alveolar echinococcosis due to village and
small town foxes (Vuples vulpes) living in close proximity to residents.
Eur ] Wildl Res 57, 1033-1042.

Konig, A., Janko, C., Barla-Szabo, B., Fahrenhold, D., Heibl, C., Perret, E.,
Wermuth, S., 2012. Habitat model for baiting foxes in suburban areas to
counteract Echinococcus multilocularis. Wildl Res 39, 488-495.

Konig, A., Romig, T., Janko, C., Hildenbrand, R., Holzhofer, E., Kotulski, Y., Ludt,
C., Merli, M., Eggenhofer, S., Thoma, D., Vilsmeier, ]J., Zannantonio, D.,
2008. Integrated-baiting concept against Echinococcus multilocularis in
foxes is successful in southern Bavaria, Germany. Eur ] Wildl Res 54,
439-447.

Kamiya, M., Lagapa, J. T. G, Nonaka, N., Ganzorig, S., Oku, Y., Kamiya, H., 2006.
Current control strategies targeting sources of echinococcosis in Japan.
Rev Sci Tech Off Int Epizoot 25, 1055-1066.

Krim, P. M., Bashore, T. L., Kirkland, G. L., 1990. Den site characteristics and

food habits of the red fox (Vulpes vulpes) on Assateague Island, Maryland.

72



Va ] Sci 41, 340-351.

Kubo, T., Shoji, Y., 2014. Trade-off between human-wildlife conflict risk and
recreation conditions. Eur ] Wildl Res, 1-10.

Kulkarni, M. A., Desrochers, R. E., Kerr, J. T., 2010. High resolution niche
models of malaria vectors in northern Tanzania: a new capacity to
predict malaria risk? PLoS ONE 5, e9396.

Marschner, 1., 2012. glm2: fitting generalized linear models (R package),

[http://CRAN.R-project.org/package=glm2].

McPherson, ]J. M., Jets, W,, Rogers, D. ]J.,, 2004. The effects of species' range
sizes on the accuracy of distribution models: ecological phenomenon or
statistical artefact? ] Appl Ecol 41, 811-823.

Meia, J. S., Weber, ]J. M., 1992. Characteristics and distribution of breeding
dens of the red fox (Vulpes vulpes) in a mountainous habitat. Mamm Biol
57,137-143.

Menach, A. L., McKenzie, F. E., Flahault, A., Smith, D. L., 2005. The
unexpected importance of mosquito oviposition behaviour for malaria:
non-productive larval habitats can be sources for malaria transmission.
Malar | 4, 23.

Nakazono, T., 1970. Notes on the burrows of Vulpes vulpes japonica, in
Kyushu, Japan 2. Four examples of burrow construction. Mammal Study
5, 45-49.

Nakazono, T., Ono, Y., 1987. Den distribution and den use by the red fox

Vulpes vulpes japonica in Kyushu. Ecol Res 2, 265-277.

73


http://cran.r-project.org/package=glm2%5d�

Ogden, N. H., St-Onge, L., Barker, I. K., Brazeau, S., Bigras-Poulin, M., Charron,
D. F, Francis, C. M., Heagy, A., Lindsay, L. R., Maarouf, A., Michel, P,
Milord, F., O'Callaghan, C. J., Trudel, L., Thompson, R. A., 2008. Risk maps
for range expansion of the lyme disease vector, Ixodes scapularis, in
Canada now and with climate change. Int ] Health Geogr 7, 24.

Oku, Y., Kamiya, M., 2003. Biology of Echinococcus, In:  Otsuru, M., Kamegai,
S., Hayashi, S. (Eds.) Progress of Medical Parasitology in Japan. Meguro
Parasitological Musium, Tokyo, pp. 293-318.

Okuy, Y., Liu, C., Nonaka, N., Kamiya, M., 2005. Epizootiology of Echinococcus
multilocularis in the northeastern region of Sapporo. Jpn ] Parasitol 33,
30.

PHOTEC Co., Ltd, 1999. Aerial Photograph 1/12,500 Obihiro City 1999.
PHOTEC Co.,Ltd., Sapporo.

QGIS Development Team, 2012. QGIS Geographic Information System,

[http://qgis.osgeo.org].
R Core Team, 2014. R: a language and environment for statistical computing,

v3.0.3, [http: //www.R-project.org/].

Rasband, W. 1997-2014. Image ], U. S. National Institutes of Health,

[http://rsb.info.nih.gov/ij/].

Rausch, R., Wilson, ]., Schantz, P, 1990. A programme to reduce the risk of
infection by Echinococcus multilocularis: the use of praziquantel to
control the cestode in a village in the hyperendemic region of Alaska.

Ann Trop Med Parasitol 84, 239.

74


http://qgis.osgeo.org]/�
http://www.r-project.org/%5d�
http://rsb.info.nih.gov/ij/%5d�

Roman, G, 1984. The burrow construction strategy of foxes in the
Biatlowieza Primeval Forest. Acta Theriol (Warsz) 29, 425-430.

Romig, T., Bilger, B., Dinkel, A., Merli, M., Thoma, D., Wil], R., Mackenstedt, U.,
Lucius, R., 2007. Impact of praziquantel baiting on intestinal helminths
of foxes in southwestern Germany. Helminthologia 44, 137-144.

Schelling, U., Frank, W.,, Will, R., Romig, T., Lucius, R., 1997. Chemotherapy
with praziquantel has the potential to reduce the prevalence of
Echinococcus multilocularis in wild foxes (Vulpes vulpes). Ann Trop Med
Parasitol 91, 179-186.

Scott, T. G., Selko, L. F,, 1939. A census of red foxes and striped skunks in Clay
and Boone counties, Iowa. ] Wildl Manage 3, 92-98.

Selhorst, T, Thulke, H.-H., Miller, T.,, 2001. Cost-efficient vaccination of foxes
(Vulpes vulpes) against rabies and the need for a new baiting strategy.
Prev Vet Med 51, 95-1009.

Sheldon, W. G, 1950. Denning habits and home range of red foxes in New
York State. | Wildl Manage 14, 33-42.

Sokal, R. R,, Rohlf, F. J., 1994. In: Biometry: The Principles and Practice of
Statistics in Biological Research. W.H. Freeman and Company, New York.

Sutherst, R. W,, Bourne, A. S., 2009. Modelling non-equilibrium distributions
of invasive species: a tale of two modelling paradigms. Biol Invasions 11,
1231-1237.

Tackmann, K. Loshner, U., Mix, H., Staubach, C., Thulke, H.-H., Ziller, M.,

Conraths, F. ], 2001. A field study to control Echinococcus

75



multilocularis-infections of the red fox (Vulpes vulpes) in an endemic
focus. Epidemiol Infect 127, 577-587.

Takahashi, K., Uraguchi, K. Hatakeyama, H., 2003. Observations on
acceptance of fox-baits in an urban area using photo-trap system. Rep
Hokkaido Inst Public Health 53, 98-101.

Takahashi, K., Uraguchi, K., Hatakeyama, H., Giraudoux, P., Romig, T., 2013.
Efficacy of anthelmintic baiting of foxes against Echinococcus
multilocularis in northern Japan. Vet Parasitol 198, 122-126.

Takahashi, K., Uraguchi, K., Romig, T., Hatakeyama, H., Tamura, M., 2002.
Preliminary report on Echinococcus multilocularis control by fox baiting
with praziquantel. Rep Hokkaido Inst Public Health 52, 61-63.

Takeuchi, M., Koganezawa, M., 1992. Home range and habitat utilisation of
the red fox Vulpes vulpes in the Ashio Mountains, central Japan. Mammal
Study 17, 95-110.

Takyu, M., Takahashi, K., Uraguchi, K., Oshida, T., 2013. Fox bait consumption
and camera trapping in agricultural areas in eastern Hokkaido, Japan.
Mammal Study 38, 57-60.

Thulke, H. H. Selhorst, T., Miller, T., Wyszomirski, T., Miller, U,
Breitenmoser, U., 2004. Assessing anti-rabies baiting - what happens on
the ground? BMC Infect Dis 4, 9.

Tsukada, H., Hamazaki, K., Ganzorig, S., Iwaki, T., Konno, K., Lagapa, ],
Matsuo, K., Ono, A., Shimizu, M., Sakai, H., Morishima, Y., Nonaka, N., Oku,

Y., Kamiya, M., 2002. Potential remedy against Echinococcus

76



multilocularis in wild red foxes using baits with anthelmintic distributed
around fox breeding dens in Hokkaido, Japan. Parasitology 125,
119-129.

Tsukada, H., Morishima, Y., Nonaka, N., Oku, Y., Kamiya, M., 2000.
Preliminary study of the role of red foxes in Echinococcus multilocularis
transmission in the urban area of Sapporo, Japan. Parasitology 120,
423-428.

Tuyttens, F. A. M., Delahay, R. ]J., Macdonald, D. W.,, Cheeseman, C. L., Long, B.,
Donnelly, C. A, 2000. Spatial perturbation caused by a badger (Meles
meles) culling operation: implications for the function of territoriality
and the control of bovine tuberculosis (Mycobacterium bovis). ] Anim
Ecol 69, 815-828.

Uraguchi, K., Takahashi, K., 1998. Den site selection and utilization by the
red fox in Hokkaido, Japan. Mammal Study 23, 31-40.

Uraguchi, K., Yamamura, K., Saitoh, T., 2009. Estimating number of families
for an urban fox population by using two public data sets. Popul Ecol 51,
271-277.

ZENRIN, 2003. ZENRIN Residential Map B4 Obihiro City 2003. ZENRIN
PRINTEX, Kitakyushu.

ZENRIN, 2006. DIGITOWN Hokkaido Sapporo City 10 Districts. ZENRIN,
Kitakyushu.

Zhou, W., Wei, W.,, Biggins, D. E., 1995. Activity rhythms and distribution of

natal dens for red foxes. Acta Theriol Sin 15, 267-272.

77



JAPANESE ABSTRACT

Echinococcus multilocularis Leuckart, 1863 (%@ 4 ) 1%, NICHE
B (A hE) 2GSRI ABILEF A D THY, ZOEEEITLS,
ABFERTHEINL TS, A ~DFEREESr 1% Vulpes vulpes Linnaeus, 1758
(T3 %) THY, B A O pEl AR RE 2% G2 & U7 BR B3N~ M AT 5
BRI TN CTE . Zoar ha— LB TR 2 ICHSLEN S5 5
3, MR R 2 IS E R DR BB PR D721, E M B 7 A MECAR A3
WATHY, AANIT —< 2 ADN LB FEN TN,

B TECIE, 20 S 7B R IR A, N H R 2 L0 2T 721, Th
FYXDEBEMFBLOEDOMHR TR ET VOWELR LT ZNET, TH
FYRDOLOR, FrEDEEICHRUKFL RN =RV ANMED A B HET T
TIIHELWEESNTEIZ, 22T, KRR TIIRERIEZLRL, SR T H¥ Y
RN LTV T aha L B LT,

A HLIE, 7Y R ERRERE A L TR, AT B O R D H A
T EALWE T OF Tk (FNZF 1K 59.8km2 49 367,9km2) (Za% E L7-. HUIE
FEERNODEHAS LI A AR e<ERR L, #7JA T 35 # 1 (2002~2004
FEITHRFR), FLIRT 65 A1 (2004~2007 ) DR T —H2&257-. Zhb, B
DH”T =2 LT, T — LT R A ET X MTAERKRL ()R T
120 &%, FLERT 730 x1), AT MBI 7 ey M U7, AT I HLIX X, BEAF O

HAEHI XL T, M2 T E Rl 288 L TR B IZ/ERLIEB DT, 9 507
78



TAV— (CREE, NEK, A ANEEY, BAREY, K, W, B,
ML, B R OEOM) THRERRSND. ZNODA TV =L, TAFXY 204 B 5
B 3218 £ O 25 B2, SOICE TR 5 O R 8A ) 32 L9 124
BIZRELE. TR ELZHHWT, f AT EfLIg T =iz onTr
XY XD BHIBRIRET VAL L., —RETIETREX—7
77 Z—DH LT LR THLP, KR TIL, BEF—7 774 =721 T
2, F— AT = (B REHEL TRy X REDREICIEDLD ) b
FFIZHH CE 559, LTI 7 mha b gk it Uiz, F—A 7 — Rl
T, B TORE R AIZOWT 10 EOEE DR M (£ 100~1000m)
ZREL, 2D 10 PAXDRELH T XTI OWTRET VEER (=R EEF
— T 7 Z—DHEMI) L. ZORET ML, &P AXORLHNICE £
%9 DOEREE ATV — (L3R iR A F X oA Bl 2258 ) 02 2 Lo FEE
EERARLIZLOE AR, ROoFELBNERELEL, BRYVORT AT ¢
7 AE IS KOERR ST, RIS, 2 TORET D P A, IR Ml &
HLUE (AIC) b LT ET VAR E L. 2O L%, f A M &AL H 2
ZIUZ DWW T TR0 Tz,
IOLTHEERINTZET VKD, U TOZERHLNTRoT-. HIAD
THEXY MEEREEL, BDE 500m ORBEICIEDVERL, TOLERN
DRIE, NEFE, BEOHFNEEY O 5 OLEEE A MELS, 720, Fil
AR S Om WG I 2w B e U Tarde. —J7, ALIRMERTEIL, £ 300m
N ORIE B LG NEGEY O 5O LG MK, 20, 1)1 # &k o

79



HAEEI A2 W T A s B E L ThF e 2RI SLz. 200 2 FR i fE] o3
— A=)V DIEWIL, TAXY XD N LB ~Offit 4 D eSS RATIN =
MWRdD, — K, KEK, A ANEEY, BIORMIIm fickEoxr—772
S —"Tholz. FET NOREZRIET L7012, %15 FHHBIERM (ROC) Hh#R
O bR T AR (AUC) #F H L7-L2 A, #ILET LT 0987, FLIRET LT
0.995 &, 3 icm ot £, ®FT O FRIMEREEZN D701, BIIE ST
TMCEDTRME LD —BREFR LA, HILET /LT 92.3%, fLIRE
TIT99.2%E, t+icmnol.

LLEDERY, RUFZE T, TRIMEREO & WER T8 T 7720 18 B
BINETLVOBEBIRET VTV OBBEIZHK I Lz, ZHi2ky
Bt SEASANAT R O UIEVZ AR A REE R o7, £, RGO ERIZHE
SN TFTHERAEMEIZET, TNETHLWNWESNTELY = RTFVANMED £
BTV I RA[RE LR o7z, 27 abhauk, #FHEIcR o1, HodhdHER
BICAERTLHTAXFY R L TUSHDBAIRETHSD. SHIC, #fif TET L
MG IE VR ALNTZZEND, TAXY XOE BHET MZIZ N DO/
— VDT HIERTREIND. A CTHRGE R BR B 5K 2 R B 572012

L%, BRARIAT DT ET NV EERTOLEND LA,

80



	Development of the new protocol
	for habitat modeling of urban red fox
	to improve Echinococcus multilocularis
	control strategy
	CONTENTS
	ABBREVIATIONS
	INTRODUCTION
	MATERIALS & METHODS
	M1.  Study areas
	M2.  Analysis policy
	M3.  Analysis 1: Den site selection modeling
	M3-1.  Assumptions of the modeling
	M3-2.  Modeling process
	Step 1.  Customization of analytical base maps
	Step 2.  Sampling of fox den locations
	Step 3.  Setting of control points
	Step 4.  Setting of concentric circles
	Step 5.  Calculation of the values of nine variables for each concentric circle
	Step 6.  Generating all possible models
	Step 7.  Selection of the best model

	M3-3.  Model validation

	M4.  Analysis 2: Analyses by traditional methods
	M4-1.  Single point analysis
	M4-2.  Linear distance analysis


	RESULTS
	R1.  Established fox den site selection models
	R2.  Results of traditional analyses
	R2-1.  Single point analysis
	R2-2.  Linear distance analysis


	DISCUSSION
	D1.  Fox den site selection models
	D1-1.  Interpretation of the models
	D1-2.  Improved points in the developed modeling protocol
	Point 1.  Targeting “presence or absence” of dens, not “abundance” of individuals nor dens
	Point 2.  Setting predictor variables appropriate for urban red foxes
	Point 3.  Modeling with a optimal resolution, "key scale"


	D2.  Traditional analyses
	D2-1.  Comparison with non-urban areas in previous reports
	D2-2.  Invalidity of traditional methods for urban foxes


	CONCLUSIONS
	C1.  Suggestions for anthelmintic baiting strategies
	1. Aim to make the target area be occupied by an uninfected fox population.
	2. Deliver the baits to the potential sites of fox inhabiting
	3. Establish the model for every city and accumulate the model patterns

	C2.  Essentials of the spatial modeling protocol
	C3.  Future tasks and perspective

	ABSTRACT
	ACKNOWLEDGEMENTS
	REFERENCES
	JAPANESE ABSTRACT

