B2, JA20OREEOON-2EHRORFRER (A RENLOEHE. B: AEDEE.

REERIE (A HERE, B: PASEE).

WC—EEE L3 A D, ZOEFEK B EERED
O TN TN D, EEOHEHRERbDT
3. BEIISEEREZ LTS, REEIOBIE, BHRE)
LEFE THA THY, K& IIL, B Smm gig0 b
NE L AT, BRmE,. BRm e bAECS
<FHHID,

[aferaur Rl (3,4 28)

FEERO HLOE, SO EMEESCATIEER & D $ Ot
BROEHETHY . BNEICEZED/N A TR S
T2 ZE B ERD OVXbﬁ@%&%@fm\%w@
2, VA MAEIZERRIZRO b D, 757 FB0RE
HENZbDTIE, B H-E QG THERMIZ, PAS
Yufa CHRHHEICYEE 0 R, SISO AR LV ALY |
BT Ch D, BRI OYREHEIIERO 2,

4 fRIEAEEE (PAS 26).
PAS 2B TERET B0 FU S BEEYNE
ErhRZ 2 DEHEIN S,
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JBENC I, S ERUE AR B, B R
IO, WA ELAI G BE Ly SR, U ik,
RBRRBR 72 202 I D PR C R DRI & 1Tt
AT TON TV AL, ZOFE FIFHHNC
TLTWB, SRR L, A5 & 0 EPES AL, /)
SIS MO, RO, ) >IN,

P NEUE D o lin7e 80 B,

Deplazes et al. [4] (X214 IP% SRR S 072
75T, I HEFRROWBABIEE Uiz, b, R
%7 4 H ORI T 0.5—8.0mm O [ R CHRES I,
PERICHRAENE & AR A B142 L. PAS IO FEIR O
EW &R Tz, F T B M OVFERER s Sinvd,
FEEDBRENTHDH Z L& Uiz,

3-2. 2

LR ENPAS T N N o N i WL B (S VAN [ T
THZEIZEY ZUMEHET D ENRETH D,
BN, PROMBEEAZ AR L. PAS BtkD s F2 5
JBEEMERT D LIV MEET D N TE D,
el (PCR) DA OV S0 L -
THE ST D, HE BT DNA fhiH % v %
FAWHIH L7= DNA #5207 L— b & L, FRig7pH
B Td 5 Ul sn RNA {570 PCR[2,33]18 LU b=
> KU 7 12StRNA {510 PCR [5, 37]) (2 LV [AEE
T, B TR2WOF AMEEZ R~ Lc, FROBGET2
WINER Tl D = L TSI CHR ST B [4],

3-3. JA0OZaBRBEHIKR

BB SRR AR 2 4 R B S R AR R R A o - AT
AEETBMEICL D & HBE TRESND T F D
SEHU IR 100 EEATE T, 1983 4F0 6 OFEETClt,
BAEEEN D _THEHOS RO HmE Sh
TWD YR 0.03—0.28%) (3R 1), BT 2012 4EE
I 1,083,758 BHDIRAT 217> T 1,665 88 (0.15%) D%
BB Z AR LT D, AEHRE 2380 i H el < B8
E AT AN

3~4. JADOZERBEOTOLX

ACHRE OAEREH A5 1T 5 2/a OGS, a4
e UT= Y 2B 57 4 DR, 7 H DI
SEREDIFIR A & U CRIT 2 7o DI IR B0 % BEA
Uy BIRCIEYLS 25 2 & PNEGRCH A 9[31], < D
BIRGDS, Y FBER L TOBRIMNCH D Z &b,
T HAOFEYLHIE R Z AR TH D LE X HND,
FMRIEZDMTE LT DA R a )N EGeR & 72 5 7]
REMEIECE RV, AWRE CIEse Y EBKES &
DBy MIRWNED EEZ HRD,

#z1. LEETOITIOBEREEH T/
7 ATERI D ERHEFE (19835 ~201245F)

FORETER L7 e (%)

fERBEREL
1983 1,068,629 352 0.03
1984 1,121,771 349 0.03
1985 1,208,569 363 0.03
1986 1,252,947 424 0.03
1987 1,258,779 676 0.05
1988 1,242,066 449 0.04
1989 1,207,273 744 0.06
1990 1,169,435 507 0.04
1991 1,119,149 924 0.08
1992 1,088,040 933 0.09
1993 1,107,280 1,556 0.14
1994 1,070,720 2,332 022
1995 1,029,732 2,587 0.25
1996 973,230 2,313 0.24
1997 979,353 1,853 0.19
1998 988,790 1,357 0.14
1999 971,315 1,160 0.12
2000 952,526 928 - 0.10
2001 929,587 614 0.07
2002 937,188 619 0.07
2003 949,503 1496 0.16
2004 950,385 1,846 0.19
2005 923,664 1,958 0.21
2006 925,807 1,849 0.20
2007 954 433 1,157 0.12
2008 941,202 1,907 0.20
2009 1,002,856 1,627 0.16
2010 1,071,986 2,951 0.28
2011 1,079,256 1,017 0.09
2012 1,083,758 1,665 0.15

(LB fr bR A e e 22 2 5 & b iR B R R
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BINEAEIL. T6—7 » AU T, MEFL T\
BiT) \BGR Th A2 BEBIINFEL WD &
EEWT S,

2) WREMELZED DNE R

BAICHES N B TRTOT X O, PIIRA R
PRI ZZ e udie b, bbb, £am
DM BIZED B2 0D A NI LRV, HEE
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HIZRRAEIC DUV TTIEE ORAEDOFFN TH 2,
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BE, FUR AX BRI UyvHLOhKRET
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VEGeD BIAET D F CTORIRGEAEEED b+ E
ERMIChIESZ 8, E72, BEORITR S TEEIT
HZ e, b MERED LR L ST OHEEIIIREE T
bD, FYRRA X EOETEWIL, ZELERD
FABRN 2—5 » ATH D Z EBREBRAICH SN
ENTWBI19, 32], ED7-, Y% Z O T
RVIATZ LITFIEETH B, BEUBFTIZ OV TIE, +
Y X DI L HITEEOB(LZ BRIV, O
VI ENTIRE TH Dy A XUTOWT b YA A3

WZ e, FEBENPHETHIVR, B & 5%
BETHIENFRETH D, BHRAIE, W20
FEERGLD S SN TE D [36, 401, JREDOFEFREED>

SRS ZHEE T 5 Z LIFFRETH D, £, Bx
R I DFMPFENTZD, BRI IAE N D291,
EBiko X5z, il AWEELUADRESE TU <N
DZBHOEWME SITND[8, 1], Z< D7 —ADLHE
ECTORBHMICEG L= b0 LHEESND S, Bk
TRWESIbH D, VIiEEHFFAETINL WD LD
ML, BEIGLED 720, B L ST OB E N
HEREE L,

BEMEIOIEDRE S SIZoW T, & MEEIL, I
FRYYEICHEESNTEY . 2 S UZBEIICH
FEIND, FYR A X8 EORE IOV,
IEMRE T, 8 & AR K AR AT T D
D, HELMERRED 2R MR35, XY ROBYL
Wi, FEF O BRRGURS BN OB T-HER
IRV 52 L bR A LN TNA Z ED35]20, 22,
23, 26], FERANCIIBE COEENREIE L 2D 000
LIVe, B X O, SRR GRERAMEN
T & BYMARBEF LTCNA Z L ED 529, 35).
FAT AT D 12 DI I OB B ZIET 54
ERH D,

INBDT EEFELDD & H LW THUR ORI
X7 2 OZERRENERTHALZ EPHLNTH D,
723 EESEL BEBDR BTTRTO
FHlg BRI EE T 2 B a i B EER) O
2T 5, BEENSZBHROMEEE L TR, &
Bt sha, ABE COFATOIERIZ, 7ZI2B
VT 5 20 BBRGLORERR & CIHEHIRICHA L i &S h
Biphoie, —H, FATHHER SN T VD HEIZ T
BDEGLRIAOREIIL, Y XORENEHTH S,
BT, EEEL L CEERESOAEBEBRG
TEOOLNIZF Y REFEY T 400 FHHE D DXV 2
DFFRAIREZITV, HBE COFITIRIROBEIZES D
TN 5, BIEOHEMIROMR Y HEN &S, tho
B, REOTATRIOZECE R T 2 13H
g &2 B, L LR D, YR ENCELE L
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T FRAIREER DS C A 5 = LSRR & LCIRT T E B,
2 R OFHOFPIAN I D IEGRBL O IL, Ry
PR L U ORI A AR GET D Ch A D,
BP R XS ORI, BTG T & R AR
HLTHML TG D&, Ee, FEOEFRAIICL
RGN TN BN R E T D, LI L7pis By
BRILARHIMR DS u Z & SOl E 0 Mk O BTN
PR FTREZR 2 &G IHYULIRIL A 0 5 FH30 0 &
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B> 29 119984 T ARIR D 7 4 T el HUED B
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BRI 1T 2 W AR O A M Tz, B
B OREINTHERDR SN o Tz, 20054F IR E RO
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Swine alveolar echinococcosis: the significance of its detection

Kinpei Yagil, Kouji Uraguchi! and Mutsuko Sakui2
Department of Infectious Diseases, Center for Infectious Disease Prevention, Hokkaido
Institute of Public Health, and 2Furano Regional Health Office, Depaertment of Health and
Environment, Kamikawa General Subprefctural Bureau, Hokkaido.

ABSTRACT

In1982, swine alveolar echinococcosis (AE) was found in a pig farm of Abashiri District, Hokkaido. It was the first report
of natural infection of AE in domestic ungulates in the world. At that time, the distribution of Echinococcus multilocularis, the
causative cestode of AE, had not been confirmed in the region. However, infected wild rodents were subsequently found in the
field survey around the pig farm. These results indicated that the detection of swine AE in the meat inspection is useful to map
the distribution of E. multilocularis. Thereafter, Hokkaido government notified the local meat inspection offices to identify and
report swine AE cases. As a result, the expansion of distribution of E. multilocularis was confirmed in Hokkaido Island.
Recently, it is concerned that E. mulfilocularis could be introduced into Honshu mainland of Japan, and thus the importance of
the pathological examination of pig livers at the meat inspection should be emphasized.

Keywords: hydatidosis, Echinococcus multilocularis, pig, meat inspection, monitoring of zoonosis.
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A comparison of the diet and fine-scale distribution of sympatric
Tibetan and red foxes in Qinghai, PR China

Hideharu Tsukada, Wei Li, Hong Duo, Zhihong Guo, Yong Fu, Mao Peng, Xiuying Shen, Jianwu Jing,
Aishan Yuan, Ma Ni, Shengde He, Fugiang Huang, Kai Feng, Keisuke Ishikawa, lkuo Kobayashi,

Akio Shinohara and Nariaki Nonaka

H. Tukada (htsuka@affre.go.jp) and K. Ishikawa, NARO Inst. of Livestock and Grassland Science, 375-716 Shiono, Miyota, JP-389-0201
Nagano, Japan. — W, Li, H. Duo, Z. Guo, Y. Fu, M. Peng, X. Shen, E Huang and K. Feng, Acad. of Animal and Veterinary Medicine,

Univ. of Qinghai, No. 1, Weier road, Sci-biological Industry Areas, Xining, Qinghai, PR China. — ]. Jing and A. Yuan, Heka Sheep Farm of
Qinghai Province, 214 National Rd, Hainan, Xinghai, Hainan, Qinghai, PR China. — M. Ni and S. He, Animal Husbandyy and Veterinary
Station of Qinghai Province, Shenli Road 79, Xining 810001, Qinghai, PR China. — I. Kobayashi, Sumiyoshi Livestock Science Station, Field
Science Center, Univ. of Miyazaki, Shimanouchi, [P-880-0121 Miyazaki, Japan. — A. Shinohara, Division of Bio-Resources, Frontier Science
Research Center, Univy of Miyazaki, JP-889~1692 Miyazaki, Japan. — N. Nonatka, Laboratory of Veterinary Payasitic Diseases, Interdisciplin-
ary Graduate School of Medicine and Veterinary Medicine, Univ. of Miyazaki, 1-1 Gakuen-Kibanadai-Nishi, JP-889-2192 Miyazaki, Japan.

We compared the diet and the spadial distribution of the Tibetan fox Vudpes ferrilata and the red fox Vidpes vulpes in
the Tibetan plateau, to elucidate mechanisms of coexistence for these two sympatric canids and to clarify their roles as defin-
itive hosts for zoonotic Echinococcus parasites. Diet and fine-scale distribution patterns were assessed by fecal DNA analysis.
A total of 45 fecal samples (15 belonging to Tibetan fox, 30 belonging to red fox were collected from 15 sites into three of
which contained only Tibetan fox feces, six only red fox feces, and six contained feces of both species. The abundance of
pika burrows, a key prey item for both species, did not differ among the sites. Food composition analysis, estimated using a
point-frame method, revealed slight but insignificant differences between the two species. Tibetan foxes consumed primar-
ily mammals, whereas red foxes consumed primarily insects. The dietary range of the Tibetan fox was narrower than that
of the red fox but there was little dietary overlap between the two species. These findings suggest that the weak partitioning
of food resources between Tibetan and red foxes can facilitate their coexistence even within the same habitat where they
share the same key prey items, i.e. small mammals such as pikas. These dietary differences between the two fox species also
suggest that the Tibetan fox is 2 more important definitive host for Echinococcus on the Tibetan plateau than is the red fox.

On the Tibetan plateau, sympatric carnivores play important
roles in maintaining the sylvatic cycle of zoonotic parasites,
such as Echinococcus spp. As this area is one of the most
serious endemic regions for echinococcosis (Jenkins et al.
2005), studies on the definitive fox host species — the red fox
Vulpes vulpes and Tibetan fox Vulpes ferrilasa — are necessary
to clarify the epidemiological status of each parasite species
(Wang et al. 2008). As the life-cycle of Echinococcus parasites
is maintained through fox predation of intermediate host
species such as voles and pikas, then understanding the diet
and feeding habits of these two sympatric canid species is
particularly important.

Previous studies have shown that the red fox is largely
an opportunistic forager (Schaller 1998, Lin et al. 2010,
Murdoch et al. 2010) while the Tibetan fox is a specialist
forager of small mammals such as pikas (Zheng 1985,
Schaller 1998, Clark et al. 2008, Liu et al. 2010). Identifying
the origins (host species) of fecal samples deposited by sym-
patric carnivores of similar body size is difficult (Heinemeyer
et al. 2008). In the majority of dietary studies on carnivores,

356

field-collected fecal samples have been assigned to host
species either by the morphological characteristics of the
feces or by virtue of being collected at known locations (e.g.
near occupied dens or tracks; Zheng 1985, Lin et al. 2010,
Liu et al. 2010, Murdoch et al. 2010). Hence, in the absence
of prior information or of species-specific differences in scats,
identifying the origin of fecal samples becomes increasingly
unreliable. Recently, however, a noninvasive genetic method
has been developed that enables accurate identification of
species from fecal samples (Nonaka et al. 2009, Jiang et al.
2012). Importantly, such fecal DNA analysis enables more
precise comparisons of diet among sympatric carnivores.
DNA analysis of field-collected fecal samples can also be
used to infer the spatial distributions of sympatric carnivores
(Ruiz-Gonzélez et al. 2008). Although the broad geographi-
cal ranges of Tibetan and red foxes are considered to overlap
(Schaller and Ginsberg 2004, Clark et al. 2008, Wozencraft
2008), the fine-scale spatial distributions of these species
(e.g. home ranges) and their spatial relationship has yet to
be determined. In this study, we used fecal DNA analysis
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to determine the diet and fine-scale spatial distribution of
the Tibetan fox and the red fox where they exist in sympa-
try on the Tibetan plateau, in Qinghai province, PR China.
In addition, we used this information to evaluate the
relative roles of these definitive host species in the life-cycle
of Echinococcus spp. on the Tibetan platcau.

Material and methods

Study site

Feces were collected from grassland within 100 km of the
town of Heka in Xinghai county, Qinghai province, PR
China (35°19'N, 99°05°E — 36°06'N, 100°39°E, Fig. 1).
The study area lies on the Tibetan plateau at an altitude
of 30004500 m above sea level, within the eastern part of
the geographical distribution of the Tibetan fox (Schaller
and Ginsberg 2004, Wozencraft 2008). The site serves as
summer and winter grazing areas for yak and domestic sheep
of Tibetan pastoralists.

Fecal sampling

We collected fox feces in September 2010, August 2011
and August 2012. Sampling sites were selected along roads
within a radius of about 100 km from Heka town. Four
line transects {(about 200 m long and 2 m wide, measured
by counting the steps of each investigator) were placed
at each sampling site (Fig. 1). Sampling sites were placed
at least 4 km apart, as this distance was longer than the
length of an individual home range for both Tibetan and
red foxes (red foxes=2.28-8.71 km?; Zhou et al. 1995;
Tibetan foxes = 5.2—7.2 km?; Liu et al. 2007). Within each

E99°

sampling site we sampled along four line transects that cov-
ered approximately the area of an individual home range
for both Tibetan and red foxes (~400 m diameter). Feces
were Jabeled and held separately in plastic bags in the field,
before being stored at —80°C for at least 10 days to kill any
Echinococcus eggs (Veit et al. 1995). Feces were then stored
at —20°C until use.

Fecal DNA analysis

Fecal DNA was extracted from washings of the frozen
feces using QlAamp DNA Stool Mini Kits according to
methods described by Nonaka et al. (2009). Briefly, ASL
buffer from the kit was added directly to the frozen fecal
samples and used to ‘wash’ the sample, by shaking the
plastic bag vigorously 50 times. After removing the feces,
we then collected approximately 1.4 ml of the liquid
in a tube, to which an EX inhibiting tablet was added.
We mixed the mixture vigorously for 1 min and then
incubated it at room temperature for 1 min. We cen-
trifuged the sample at 20 000 X ¢ for 3 min and trans-
ferred 600 pl of the supernatant to a fresh tube to which
15 mAU of Proteinase K was added. The remaining extrac-
tion procedures followed the manufacturer’s instructions,
extracting DNA with 50 pl AE buffer. We performed poly-
merase chain reaction (PCR) amplification for the partial
sequence of the D-loop region of the DNA with primers:
prl. (5'-CACCATTAGCACCCAAAGCT-3") and prH
(5"-CCTGAAGTAGGAACCAGATG-3"). The sequences
of the PCR products were read with a DNA sequencer
using Big-Dye terminator cycle sequencing kits ver. 3.1.
Sequences were identified to species by alignment to known
sequences using the Basic Local Alignment Search Tool

(BLAST; <http://blast.ncbi.nlm.nih.gov/Blast.cgi>).

(B Vulpes ferrilata
@ Vulpes vulpes

sampling site
[T} fecal sampling }

—

50km

An example of the arrangement
of ransect lines In each fecat

Figure 1. Distribution of Tibetan and red fox feces collected around Heka town, Qinghai Province, PR China, in September 2010 ('10),
August 2011 (11), and August 2012 ('12). The locations of of Tibetan and red fox feces collected are shown as right-half-filled circles and
left-half-filled circles, respectively. The filled circles indicate the locations where both foxes's feces could be gathered. The squares indicate
the locations where fecal sampling were performed. Black and gray lines show a national road and rivers or lakes, respectively.
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Fecal dietary analysis

All but 0.5-1.0 g of each fecal sample that was successfully
identified to species was used in the dietary analysis (0.5-1.0 g
of each fecal sample was used in concurrent study of fecal
parasite load; Li et al. 2013). Feces were washed with tap-
water through 1 and 0.5 mm mesh sieves and the fragments
remaining on the sieves sorted into broad food categories
(mammals, birds, insects and plants). The mammal category
was further divided into large or small species according to
the thickness of any hairs (<1 or > 1 cm) and bones (<2
or >2 mm) found within the sample. In addition, samples
containing pika teeth were classed as ‘Ochorona sp’. The insect
category was divided into Coleoptera, Orthoptera or larvae.

Dietary composition, breadth and similarity

We evaluated diet composition by tallying the frequency
of occurrence of food items and by using the point-frame
method (Takatsuki et al. 2007). In the point-frame method,
the food remains were spread over a petri dish that was placed
on a sheet with a 2 mm grid. All items (i.e. bones, teeth
and hairs) that covered any of the crossing points of grids
were tallied until 200 items of each food had been counted
(Takatsuki and Tatewaki 2012). We defined the proportion

of each food item in the fecal sample as:
%= %P,/ m%B, = B[ 3 B X100

where %P, is the proportion of total crossing points covered
by food item 7 in the fecal sample 7, P; is the total number of
crossing points covered by food item 7 in feces f, and £ is the
number of food items. We compared the dietary composi-
tion estimated by the point-frame method between Tibetan
and red foxes nested within year using a permutational, non-
parametric, multivariate analysis of variance (MANOVA;
Anderson 2001, McArdle and Anderson 2001), that can
compare groups without calculating the central locations of
these groups, does not require specific assumption concern-
ing the number of variables or the nature of their individual
distributions or correlations, and is robust under an unbal-
anced experimental design. For each food item, we compared
the difference between the two fox species using a generalized
linear model (GLM), with %P as the response variable and
fox species, year of sampling as explanatory variables, and a
binomial error structure. We calculated dietary breadth (B)
in each species according to Levin’s measure (Krebs 1999):

/T

where P, is the proportion of food item i The scores
potentially ranged from 1 (only one item consumed) to
the maximum number of food categories (nine in this case,
when all food categories were consumed evenly). We used
Schoener’s (1970) index of overlap, CW, to assess the dietary

similarity between two fox species:

C, =100(1-1/23

2,-r,)

where P, ; and ]’),,i are the proportions of food item i of
species x and y obtained by the point-frame method.
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Prey abundance

The relative abundance of pikas at each of the sampling sites
was evaluated by counting the number of new pika burrows
(those with fresh soil and feces) within the line transects.
This metric has been shown to be correlated with population
density of these pikas (Liu et al. 2003). We used a generalized
linear mixed model (GLMM) to compare the total number
of new pika burrows among three broad ‘types’ of sampling
sites (those where only Tibetan fox feces were collected (T),
those where only red fox feces were collected (R), and those
where feces of both species were collected (B)). We included
‘fecal sampling site” as a random effect in the GLMM. We
also analyzed the result of the GLMM by Tukey’s multiple

comparison test.

Statistical analysis

We conducted all statistical analyses using statistical
software R (ver. 2.15.1, <www.R-project.org/>). We used
the Adonis function of package ‘vegan’ (Oksanen et al. 2013)
for permutational MANOVA and the car package for con-
ducting likelihood-ratio type 2 test (Fox and Weisberg 2011).
We used the Imer function of package ‘lmer4’ for GLMM
(Bates et al. 2014) and used the glht function of package
‘multcomp’ for conducting Tukey’s multicomp comparison
test (Fox and Weisberg 2011).

Results

We collected 70 fecal samples from 19 sites, but only
successfully determined species in 45 of those samples from
15 sites (Fig. 1). In total, 199 to 370 bp sequences obtained
from 30 field-collected feces were matched to published
sequences of Vulpes vulpes (GenBank accession number
AB292754), and 222 to 360 bp sequences from 15 field-
collected feces were matched to published sequences of
Vulpes ferrilata (JF520840). We collected feces of Tibetan
and red foxes exclusively at three and six sites, respectively,
with feces of both species present together in the same year
at a further six sites (Fig. 1). We found red fox feces predomi-
nately in the eastern portion of our study area, while Tibetan
fox feces were collected predominately in the western por-
tion of the study area, with both feces present together in
the central area of the study site (around Heka town; Fig. 1).
The abundance of new pika burrows did not differ signifi-
cantly among these three site ‘types’ (Tukey’s multiple com-
parisons test, T-R, z=—0.94, p= 0.62; T-B, z= —0.13,
p=0.99; R-B, z=—1.26, p=0.42). However, there was
large variation in the average number of burrows they
contained: red fox only sites (R)=1.0%2.1 SE; Tibetan
fox only sites (T)=2.8%3.6; and sites with both species
(B)=31.7*11.4).

Via fecal analysis, we identified nine food categories
consumed by both fox species (Table 1). The species differed
in the dominant food items they consumed, with Tibetan
foxes most frequently consuming mammals, and red foxes
most frequently consuming insects. Over the whole study
period, the highest %/ and %F value for Tibetan foxes was
for small mammals, whereas in red foxes, the highest %P and
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Table 1. Frequency of occurrence (%F) and point-frame scores (%P) of food items in Tibetan fox (TF) and red fox (RF) feces in Xinghai
country, Qinghai Province, P. R. China in September 2010, August 2011, and August 2012,

2010-2012 2012 2011 2010
%P Yol %P Yol Yol YoF %P YoF
TF RF TF RF TF RF TF RF TF RF TF RF RF RF
Food items N15 N30 NI15 N30 N3 N4 N3 N4 N12 N9 N12 N9 TF N17 TF N17
Mammals 79.5 329 80.0 500 999 429 750 750 744 53.6 1000 667 -~ 195 ~ 353
large mammals 0.0 3.6 0.0 6.7 00 2.3 0.0 250 00 0.0 00 00 - 59 - 5.9
small mammals  59.5 234  60.0 414 999 405 750 750 494 341 667 444 - 136 — 294
Ochotona sp. 20.0 59 200 6.9 0.0 0.0 0.0 0.0 250 19.6 333 222 - 0.0 - 0.0
Insects 1.2 474 533 767 0.0 238 0.0 75.0 1.5 156 889 556 — 697 -~ 882
Coleoptera 1.2 137 533 414 0.0 238 0.0  75.0 1.5 129 889 444 ~ 116 — 294
Orthoptera 0.0 337 0.0 4438 0.0 0.0 0.0 0.0 0.0 26 0.0 111 - 580 ~— 706
Larva 0.0 0.1 0.0 6.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 - 0.1 - 118
Birds 6.5 7.4 6.7 13.8 0.0 327 0.0  50.0 8.1 LI N B S B Y - 4.7 - 5.9
earthworm 6.1 3.2 6.7 3.4 0.0 0.0 0.0 0.0 7.6 107 101 111 - 0.0 - 0.0
Plants 6.8 9.2 400 414 0.1 0.7 25,0 50.0 84 19.0 556 667 - 6.0 - 235
Diet breadth (B) 246 451 408 552 - - - - - - - - - - - -
Dietoverlap (C,)  50.2 70.3 - - - - - -

%F value was for Orthopteran insects. Overall food compo-
sition did not differ significantly between the two fox species
(permurtational MANOVA, F, ;= 3.78, p=0.074). How-
ever, for each food item, the %2 values of pika, Coleoptera,
birds and earthworms did differ significantly between the
two species (pika LR test, x?=46.6, DF=1, p<{0.001;
Coleoptera LR test, x*>=323.7, DF =1, p<0.001; birds
LR test, %= 63.4, DF =1, p<<0.001; earthworm LR test,
x2=182.6, DF =1, p<<0.001). Our results showed that the
dietary breadth of the Tibetan fox was narrower (B = 2.46 in
%P, 4.08 in %/F) than that of the red fox (B=4.51 in %P,
5.52 in %F), particularly in terms of the %P value. Interest-
ingly, dietary overlap between the two fox species was low
(sz 50.2 in %P, 70.3 in %F).

Discussion

In this study, we have shown that the distribution of feces
of red and Tibetan foxes overlapped at a scale of 400 m
(i.e. twice the length of the 200 m line transect used in this
study), which is less than the average home range size for
either species. Although it is known that the geographi-
cal distributions of Tibetan and red fox overlap at a broad
scale throughout China (Schaller and Ginsberg 2004, Clark
et al. 2008, Wozencraft 2008), our results provide evidence
that the two species occur sympatrically even at a fine scale.
Indeed, we found that these two species apparently share the
same defecating places within their home ranges in the same
year. These shared defecating places may be a by-product of
the foraging or scavenging behavior of red foxes because red
foxes are known to defecate on food remnants (Henry 1977),
around the carcasses of large mammals (Macdonald 1985)
and where prey are abundant (Monclis et al. 2009). Previ-
ous studies have shown that the Tibetan fox is a specialist
predator on small mammals, and especially pikas (Schaller
1998, Liu et al. 2010). Nevertheless, the abundance of pikas
(based on a count of new burrows) did not differ signifi-
cantly among site types, though burrows were most numer-
ous at sites where we found feces of both species together.

The plateau pika Ochotona curzoniae is the dominant small
mammalian herbivore on the Tibetan plateau and is regarded
as a keystone species in the ecosystem (Smith and Foggin
1999). Additionally to the red fox (Schaller 1998) several
other carnivores, including the steppe polecat Mustera
eversmanni, the weasel Mustera altaica, M. eversmanni, and
Pallas” cat Orocolobus manul also rely hevily on pika (Smith
et al. 1990, Schaller 1998, Smith and Foggin 1999). Our
finding that there was likely a relatively high abundance of
pikas in areas where both foxes were present suggests that the
Tibetan and red fox are able to share foraging areas without
excluding each other.

Nevertheless, the distributions of the Tibetan and
the red fox showed some dissimilarities that are likely to be
correlated with geoenvironmental differences that occur on
a larger regional scale. We found red fox feces predominately
in low altitude areas in the eastern portion of our study area
and Tibetan fox feces in the higher altitude western areas,
which suggests key differences in habitat preferences between
these two species. Fecal collections over a much larger area
will be required to more fully understand the relationship
between altitude and the density of each fox species.

Our results showed that while the food items comsumed
by the two species did not differ significantly, the dietary
overlap between them was low (in terms of %P). We found
that Tibetan foxes ate more small mammals and fewer
orthopteran insects than did red foxes, and showed a more
restricted dietary breadth. These results support those of
previous feeding studies (Zheng 1985, Schaller 1998,
Liu et al. 2010). For example, previous studies have shown
that while the diet of the red fox in China and Mongolia
varies among regions, small mammals constitute their prin-
cipal food items, with Coleopteran and Orthopteran insects
also an important resource (Schaller 1998, Lin et al. 2010,
Murdoch et al. 2010). Interestingly, we found that the
proportions of each food item consumed by red foxes changed
among years. This also supports previous work showing
that that the diet of red foxes varies both seasonally and
regionally (Schaller 1998, Lin et al. 2010, Murdoch et al.
2010, Xuanlong et al. 2010).
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Interspecies competition among sympatric canids can
be greatly reduced via partitioning the use of shared food
resources, as has been reported to occur for corsac and red
foxes (Murdoch et al. 2010), and for San Joaquin kit foxes
and coyotes (Cypher and Spencer 1998). Our results support
these previous findings and suggest that the weak partition-
ing of food resources we observed between these two species
can facilitate their coexistence within the same habirats
on the Tibetan plateau. Differences in activity patterns may
further facilitate coexistence between these two canid spe-
cies. The Tibetan fox is relatively diurnal, corresponding
to the activity of pikas (Schaller 1998, Wang et al. 2004),
while the red fox is largely nocturnal (Ables 1969, Eguchi
and Nakazono 1980, Weber et al. 1994, Zhou et al. 1995,
Doncaster and Macdonald 1997). Indeed, we have observed
Tibetan foxes being active in the daytime both directly and
using camera traps (Tsukuda et al. unpubl.). Such tempo-
ral segregation between Tibetan and red foxes might further
facilitate sympatric coexistence between the two fox species.

In this ecosystem, wild foxes are known to be important
definitive hosts of Echinococcus multilocularis and E. shiquicus
(Jenkins et al. 2005). Echinococcus shiguicus, which exclu-
sively uses the plateau pika O. curzoniae as an intermediate
host, has been found solely in the Tibetan fox (Xiao et al.
2005). Echinococcus multilocularis, meanwhile, can use many
small mammalian species as intermediate hosts (Giraudoux
et al. 2006, Wang et al. 2008). Our results revealed that the
Tibetan fox consumed a higher proportion of small mam-
mals than did the red fox. This finding suggests that the
Tibetan fox is likely to be a more important definitive host of
Echinococcus in the Tibetan plateau because of its high level
of predation on infected intermediate hosts. Previous work
has shown that the infection rate of E. multilocularis among
red foxes is a function of the rate of fox predation on voles,
which are key intermediate hosts for E. multilocularis (Saitoh
and Takahashi 1998, Yokohata and Kamiya 2004, Tsukada
2005, Tanner et al. 2006, Hegglin et al. 2007, Raoul et al.
2010). Interestingly, prevalence of E. multilocularis infection
is broadly similar in Tibetan foxes (33.3-59.1%) and red
foxes (15 — 59.3%; Wang et al. 2008). Additionally, a survey
of helminth fauna in the Tibetan and red fox also showed
no difference in the prevalence of taeniid cestodes, including
E. multilocularis, in the two fox species (Li et al. 2013). The
seasonal and regional variations in the diets of each fox spe-
cies might have mitigated any differences between the two
fox species in their rates of infection with E. multilocularis.
Difference in susceptibility to E. multilocularis infection
between the Tibetan and red fox are poorly understood but
are also likely to influence infection rates. To more robustly
understand the epidemiological risk to the Tibetan and red
foxes of echinococcal infections in Tibetan plateau, further
ecological and parasitological studies on these species will be
needed.

In this study, we have revealed slight partitioning in
the diets of the Tibetan and red fox, with the former spe-
cies being a specialist small mammal predator. In addition, we
show that there is significant overlap in the spatial distribu-
tions of these two species. Our data support the suggestion that
the Tibetan fox is the key definitive host for Echinococcus spp.
in this region. Hence, furture epidemiological surveys should
focus on infection dynamics in the Tibetan fox population
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to elucidate the sylvatic cycle of Echinococcus spp. infection
in the Tibetan plateau.
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Abstract

Background: Deworming wild foxes by baiting with the anthelmintic praziquantel is being established as a preventive
technique against environmental contamination with Echinococcus multilocularis eggs. Improvement of the
cost-benefit performance of baiting treatment is required urgently to raise and maintain the efficacy of deworming.
We established a spatial model of den site selection by urban red foxes, the definitive host, to specify the optimal
micro-habitats for delivering baits in a new modeling approach maodified for urban fox populations.

Methods: The model was established for two cities (Obihiro and Sapporo) in Hokkaido, Japan, in which a sylvatic cycle
of E. multilocularis is maintained. The two cities have different degrees of urbanization. The modeling process was
designed to detect the best combination of key environmental factors and spatial scale that foxes pay attention to
most (here named ‘heeding range’) when they select den sites. All possible models were generated using logistic
regression analysis, with “presence” or “absence” of fox den as the objective variable, and nine landscape categories
customized for urban environments as predictor variables to detect the best subset of predictors. This procedure was
conducted for each of ten sizes of concentric circles from dens and control points to detect the best circle size. Out of
all models generated, the most parsimonious model was selected using Akaike’s Information Criterion (AIC) inspection.

Results: Our models suggest that fox dens in Obihiro are located at the center of a circle with 500 m radius
including low percentages of wide roads, narrow roads, and occupied buildings, but high percentages of green
covered areas; the dens in Sapporo within 300 m radius with low percentages of wide roads, occupied buildings,
but high percentages of riverbeds and green covered areas. The variation of the models suggests the necessity of
accumulating models for various types of cities in order to reveal the patterns of the model.

Conclusions: Our denning models indicating suitable sites for delivering baits will improve the cost-benefit
performance of the campaign. Our modeling protocol is suitable for the urban landscapes, and for extracting the
heeding range when they select the den sites.
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Background

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 [1].

Echinococcus multilocularis Leuckart, 1863 is a para-
site perpetuated in a sylvatic cycle mainly between wild
carnivores (definitive hosts) and rodents (intermediate
hosts). Infection of humans occurs by the accidental in-
gestion of the parasite eggs, which are provided from the
feces of the definitive hosts. This ingestion will cause hu-
man alveolar echinococcosis (HAE), which constitutes a
serious zoonosis. 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 [2,3].

In Japan, HAE is endemic in Hokkaido, the northern-
most prefecture. Here, the red fox, Vulpes vulpes Lin-
naeus, 1758, is the main definitive host [4] and acts as a
vector of E. multilocularis toward humans.

The red fox is 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
[5-8]. This urbanization of red foxes has been reported
in Hokkaido as well [9-12]. Moreover, E. multilocularis is
prevalent among the urban fox population there [9,12].
The urbanization of infected red foxes leads to contamin-
ation of these areas with eggs of E. multilocularis and raises
the exposure risk of residents to the pathogenic eggs.

Deworming of foxes by baiting with anthelmintic
praziquantel could prevent the contamination of areas
with the eggs of E. multilocularis. Previous studies have
demonstrated that this approach successfully reduced E.
multilocularis prevalence in the red fox population in
several countries [7,13-22].

Although effective, anthelmintic baiting requires con-
tinuous effort to keep the fox population in the target
area free from parasites. Even if family members are ef-
fectively treated, the risk of re-infection increases again
during the annual immigration. Achieving the maximum
effect at the minimum cost is fundamental for sustain-
able baiting, hence identifying the most suitable loca-
tions for delivering baits is necessary [23-26], especially
areas having low densities of foxes such as cities in
Hokkaido (e.g. 0.080 families/km? in Sapporo [11]).

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 should be related to the habitat use of
red foxes [8,27,28], especially around dens, which are
the pivot of their habitation. A red fox family usually has
several dens in different places and they depend on the
sites throughout the breeding season. They are likely to
intake bait around the dens constantly because they
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invariably come back at least once a day to any one of
their dens during the breeding season. Indeed, a camera
trap study revealed that foxes accepted baits frequently
at their dens during the season [29]. Hence, the require-
ments for fox denning are the key to determining the
target location where bait should be delivered. Standard-
ized denning requirements could be clarified by estab-
lishing a model that extracts key environmental factors.

A general modeling method exists for standardizing
the habitat selection of arthropods [25,30-35]; however,
this method is not applicable to modeling the habitat
use of urban foxes. This general modeling method is ap-
propriate 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 land-
scapes. Three major problems must be solved to apply
the existing method to habitat use modeling for red
foxes: 1) the general modeling approach uses the “abun-
dance” of vector individuals as its modeling target; how-
ever, “presence or absence” is suitable for fox modeling
especially in the areas in which they inhabit in low dens-
ities; 2) the general modeling approach uses variables on
existing thematic maps, but these variables for foxes
should be based on their individual habitat use, not gen-
eral land use nor general vegetation; 3) the size of unit
in the general modeling approach is based on the grid
size (resolution) of existing thematic maps; however, nei-
ther fox territories nor their habitat use can be repre-
sented by the resolution of these maps.

In the present study, we specified the potential habitat
of urban fox dens by establishing an innovative fox den-
ning model, which identifies the suitable locations for
delivering anthelmintic baits. The fox denning model
was designed as a den site selection model that can ex-
tract the best combination of key environmental factors
and key spatial scale for denning simultaneously. The
presence or absence of fox dens was set as the modeling
target, which is applicable for analyzing fox denning in-
stead of abundance of individuals. The new modeling:
method simultaneously extracts the best combination of
critical factors and an optimal size of modeling unit from
all combinations. This is the first approach to establish a
comprehensive micro-habitat model for mid-sized and gen-
eralist 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 spatial modeling, a comparison is made be-
tween the results of denning factors extracted by our
new model and by two traditional univariate analyses.
The extracted factors by the traditional analyses are also
compared with the results from other places reported in
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previous studies to discuss the differences in fox denning
requirements depending on habitat types. Control strat-
egies for E. multilocularis are also discussed.

Methods

We established a new spatial model to specify the poten-
tial habitat of urban red fox dens to identify the suitable
location to deliver anthelmintic baits. The model clarifies
the critical environmental requirements for den site se-
lection by urban red foxes. Models were constructed for
urban areas of Obihiro and Sapporo cities in Hokkaido,
Japan, in which red fox populations have been estab-
lished. The modeling protocol is given below (see Analysis:
“Den site selection modeling”).

In addition to establishment of the new model above,
we extracted denning factors using two other traditional
univariate analyses to compare the results between the
methods. The factors extracted by the traditional ap-
proaches are also compared with the results from previous
studies conducted in non-urban areas [36-43] to discuss
the differences in fox denning requirements depending on
habitat type. The protocols of the two traditional analyses
are also given below (see Analysis: “Supplemental analyses
by traditional methods”).

Study areas

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 cli-
mate, and it usually snows from November to March al-
though 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® in Sapporo [11])
than in other cities in Europe [20,44-46]. Both of the study
areas are composed almost entirely of artificial environ-
ments, 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 1-A.
This study area (about 59.8 km?) consists of the whole of
the Urbanization Promoting Area (UPA; about 41.9 kin®)
and its surrounding suburban area (about 17.9 km?). 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,
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which amounts to 96% of the total population of whole
city. The population density is about 4400 people/km>.

A map of the Sapporo study area is given in Figure 1-B.
This study area (about 367.9 km?) consists of the whole of
the UPA (about 249.3 km®) and its surrounding suburban
area (about 73.6 km?). 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 river-
beds 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 7400
people/km?,

Analyses

Den site selection modeling

The modeling process was designed to extract the crit-
ical environmental requirements for den site selection
by urban red foxes. The environmental requirements in
this study is described as the combination of the land-
scape factors most affecting den site selection (herein-
after 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. We aimed to extract the best
combination of the “key factors” and the “key scale”
through the modeling, which is performed by all possible
subset model selection using logistic regression analysis
and subsequent Akaike’s Information Criterion (AIC) in-
spection. The protocol for the modeling process is given
below and in Figure 2.

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 fea-
tures as the predictor variables. The nine predictor vari-
ables were presented by percentages of area occupied by
nine categories of landscape feature: “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
[36-43]. 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.
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Figure 1 Maps showing the landscape structures and fox den distributions in the two study areas. Panel A shows Obihiro study area and
panel B shows Sapporo study area. Each study area consists of Urbanization Promoting Area (orange area) and surrounding suburban area
(yellow area). Black dots in the maps indicate red fox dens.

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) [47] and the R packages of alllogistic [48]
and glm?2 [49].

Step 1. Customization of analytical base maps
A specialized analytical base map was prepared for each
study area by customizing existing thematic maps to ren-
der the whole study area in nine categories of landscape
feature: “wide road”, “narrow road”, “occupied building”,
“vacant building”, “water place”, “riverbed”, “farmland”,
“green covered area”, and “blank space”.

The categories “occupied building” and “vacant build-
ing” were distinguished to investigate whether foxes

were sensitive to the presence of humans or artificial
structures. “Water place” and “riverbed” were distin-
guished for detailed investigation of the reason why
foxes prefer den sites near a river. It was reported previ-
ously 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 ro-
dents as food, etc. [41,50]. 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 numer-
ical information maps from the National Land Numerical
Information download service (Geographical Survey Insti-
tute, Japan [51]) and the Fundamental Geospatial Data
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Figure 2 The protocol for the modeling process. *See also the legend of Figure 3-A.
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Table 1 Definitions of the landscape feature categories and terms, and their corresponding variables and abbreviations
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Category of " Abbreviation of Abbreviation of
landscape feature Definition of term modeling variable 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
: g Buildings that are always occupied by human activity,

HH ' -

Occupied building i.e. dwelling houses, outlets, and schoothouses. OCPBL L-ocpbl
. Buildings that are not always occupied by human activity
H ’ -

Vacant building i.e. barns, garden sheds, and garages. VCTBL Lovetbl
Farmland*** Meadowlands and croplands. FARM L-farm

e Green covered areas except for riverbeds and farmlands, B
Green covered area i.e. urban parks and urban green spaces. OREEN L-green
Blank space™* Remaining 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.

25000 Web Map Service (Geographical Survey Institute,
Japan [52]), Residential Maps (Hokkaido-Chizu Co., Ltd.
[63,54], ZENRIN Co., Ltd. [55] and ZENRIN PRINTEX
Co., Ltd. [56]), aerial photographs (PHOTEC Co., Ltd.
[57] and Google Earth [58]), and field inspection. The ren-
dering process was performed using geographic informa-
tion system software (free software: Quantum GIS 1.8.0,
QGIS Development Team [59]), a photo-retouching
software (free software: Paint.NET 3.5.10 [60]), and
image analysis software (free software: Image J, U.S.
National Institutes of Health [61]). 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 3.

Step 2. Sampling of fox den locations

Fox dens were located as “presence” values of objective
variable, and den locations were dotted on the custom-
ized 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 1-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 1-B) with the support of hunters in addition
to location data collected from farmers and previous re-
ports [9,12]. All tunnels with a diameter of circa 20 cm

excavated by animals were regarded as red fox dens
[41,62]. 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 re-
corded 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.

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 gen-
erated 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
circle were set.

An example of these concentric circles is shown in
Figure 3-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 3-A). The “key scale” was deter-
mined from these circles. The values of variables defined
in Step 5 were calculated for each circle around all den
sites and control points.

— 362 —



