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Abstract. In order to assess the genetic usefulness of feces that were obtained from field, we

conducted genetic identification by microsatellite analysis on fecal samples of the red fox (Vulpes

vulpes) collected in the Shiretoko National Park, Hokkaido.  Consequently, 59 fecal samples resulted

in 22 as the minimum number of individuals.  The cumulative P(ID)sibs in the 22 samples was less than

0.01.  Two pairs of fecal samples having the identical genotypes (P(ID)sibs < 0.01) were considered to be

dropped by the same foxes, and the distribution of these feces was almost overlapped with the home

range of one fox, revealed by a previous study.  Although few reports had revealed the absolute

number of red foxes in field, the present study showed that the genetic analysis of their feces is useful

for estimating a presumable number of individuals in the area.  However, the lower genotyping

success rates (23.3–69.8%) and genotyping reproducibility (53.5–88.4%) indicate the difficulty of

genetic analysis by using these fecal samples.  In order to improve the efficiency of the analysis, it

may be effective to select and use a marker set which has smaller allele sizes, because the genotyping

success rates and reproducibility increased when the average allele size decreased.
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The Shiretoko National Park in eastern Hokkaido, Japan

(Fig. 1a) covers an area of 38,633 ha, and the primitive

forests are still conserved in the park.  The vertebrates

such as the brown bear (Ursus arctos), steller’s sea-eagle

(Haliaeetus pelagicus) and Blakiston’s fish owl (Ketupa

blakistoni) and marine animals such as the chum salmon

(Oncorhynchus keta), killer whale (Orcinus orca), sperm

whale (Physeter macrocephalus), harbor seal (Phoca

vitulina) consist of the specific food chain system.  For

conservation of the richness of the ecosystems and

biodiversity, this area was registered as the World Nature

Heritage in 2005 by the International Union for the

Conservation of Nature and Natural Resources (IUCN).

The red fox (Vulpes vulpes) is also one of the mam-

mals inhabiting this park.  It plays an important role in

the ecosystem as carnivore, and is an ecologically well-

studied mammal in the Shiretoko National Park.

Tsukada and Nonaka (1996) investigated the food habit

of the red fox in the park, and revealed the utilization of

provisions by human as secondary food supply.  Tsukada

(1997a) carried out the radio tracking of the red fox

there, and reported that its home ranges were fluctuated

with the seasonal resources and the human feeding.

Tsukada et al. (1999) conducted the spotlight census in

order to examine changes of the fox population size,

and suggested the significant reduction of the popu-

lation caused by sarcoptic mange.  In addition, the red

fox in Hokkaido carries the tapeworm Echinococcus

multilocularis causing serious zoonosis, alveolar echino-

coccosis (Oku and Kamiya 2003).  Nonaka et al. (1998)

reported E. multilocularis infection in red foxes in

Shiretoko by coproantigen detection, and recently the

Hokkaido Institute of Public Health investigated the

infection of E. multilocularis by egg examination with

DNA identification about fox feces collected in the same

area.  The coproantigen or DNA positive rate based

on the number of each positive feces is not the precise

infection rate of the parasite among foxes, because of

double-counting of feces from the same individual.  How-

ever, the genetic identification technique in addition to

the above method may lead to giving us the precise

infection rate among foxes.

In the present study, to assess the usability of the fox

feces that had been collected for examination of E.
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multilocularis, we conducted genetic identification of

individuals by microsatellite analysis on the feces.  In

non-invasive DNA analysis, in general, feces are newly

and systematically collected only for the purpose of

genetic study (e.g. Banks et al. 2002; Lucchini et al.

2002; Flagstad et al. 2004; Bellemain et al. 2005; Piggott

et al. 2006).  For example, Shimatani et al. (2008, 2010)

analyzed DNA of fecal samples younger than 24 hours,

which were collected from field everyday in one sam-

pling period.  These studies above have successfully

resulted in estimation of the population size, sex ratio,

dispersal and relatedness.  Because animal feces have

been used for various purposes such as analyses of food

habits, infection rates of parasite, estrous cyclicity, etc.

(e.g. Tsukada 1997b; Nonaka et al.1998; Putoranto et al.

2007), if such feces already used and stored at laboratory

for the above purposes are usable for genetic analysis,

the non-invasive samples can bring more information to

wildlife researches.  By applying the fecal DNA analysis

to the red fox feces, it will be also possible to non-

invasively examine the ecological aspects of the red fox

at the park.  Moreover, the genetic identification tech-

nique would give us the precise infection rate of parasites

among foxes.  From these viewpoints, it is significant to

conduct non-invasive genetic identification analysis on

feces of the red fox.

Materials and methods

Sample collection and DNA extraction

The Hokkaido Institute of Public Health investigated

fox feces in the Shiretoko National Park in 2007 (Fig.

1a).  All fox feces were collected from both road shoul-

ders along the Prefectural Route 93 within 8 km length

(Fig. 1b) and examined the egg of E. multilocularis.  In

the present study, we used 59 fecal samples that had been

collected and stored after the egg examination of E.

multilocularis by the Hokkaido Institute of Public

Health.  The fecal samplings were conducted three times:

late May, July–August, and early October of 2007.

Because a fecal sampling was also conducted early

October of 2006, the feces analyzed in the present study

could be dropped in less than eight months.  Based on

morphological observation, fecal conditions were cate-

gorized arbitrarily as “Dried and whitened”, “Dried”,

“Usual”, “Fresher”, and “Fresh and wet”.  In order to

inactivate tape worm eggs and prevent echinococcosis

infection, the feces were carefully put into polypropylene

conical tubes in field, and then incubated at 70°C for

three days at laboratory.  Then, the fecal samples were

preserved at 4°C until DNA extraction.  Total DNA was

extracted from 0.3 g in wet weight of each fecal sample

by using the QIAamp DNA Stool Mini Kit (QIAGEN).

As positive control, DNA extracted from the fox muscle

tissues by using the DNA Tissue Kit (QIAGEN) was

used.  The total volume (200 µl) of the DNA solution

was stored at 4°C.

PCR methods

In order to confirm whether the fecal samples are of

the red fox, polymerase chain reaction (PCR) was per-

formed with the primers specific to the red fox mitochon-

drial DNA (mtDNA) control region, using the method of

Shimatani et al. (2008).  Because mtDNA is more easily

Fig. 1. (a) Location of the Shiretoko Peninsula on the Hokkaido Island.  (b) The study area along Prefectural Route 93 in the Shiretoko

Peninsula.  The black line indicates the sampling area on the Route 93.  The two open stars and two closed stars indicate the distribution of fecal

samples which were consider to be dropped by the same foxes having the identical genotypes, respectively.  Their genotypes are shown in Table 3.

The areas closed by broken lines are the home ranges of one red fox revealed by Tsukada (1997a).
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PCR-amplified from fecal samples than nuclear DNA

(Birky et al. 1989), for the micosatellite analysis, we

used only the feces, in which mtDNA was successfully

amplified.  In order to avoid genotyping errors by a low

quality of fecal DNA, PCR amplifications and microsat-

ellite genotyping were carried out three times per locus

per sample.  Then, we chose allele bands that appeared

two times or more for genotype.  For each sample, 12

microsatellite loci were amplified using the following

primers; DB1, DB3, DB4 and DB6 (Holmes et al. 1993);

C213 (Ostrander et al. 1993); V142, V374, V402, V468,

V502, V602 and V622 (Wandeler and Funk 2006).  The

PCR mixture of a total volume of 10.0 µl consisted of 1.0

µl of 10 × PCR buffer, 0.8 µl of dNTP mixture (2.5 mM),

0.3 µl of the primer above (5 pmol/µl), 0.1 µl of rTaq

DNA polymerase (5 units/µl: TAKARA), 6.5 µl of dis-

tilled water and 1.0 µl of each sample extract.

The PCR amplification was started with denaturing

94°C for 3 min, then 30–40 cycles of amplification were

performed with the following programs using a DNA

thermal cycler (TAKARA TP600): denaturing 94°C for

1 min; annealing 52–60°C for 1 min; extension 72°C for

1 min, and reaction was completed at 72°C for 10 min.

Before sizing microsatellite alleles, 2.5 µl of the

Bromophenol blue loading solution (PROMEGA) were

added to 2.5 µl of each PCR product, denatured at 95°C

for 2 min, and chilled immediately on ice for 3 min.

Then, we applied the products to an autosequencer

HITACHI SQ-5500L, and determined molecular sizes

of microsatellite alleles using the computer software

FRAGLYS 3 (Hitachi).  Because no clear results of four

loci (C213, V502, V602 and V622) were obtained, these

loci were excluded in the subsequent analysis.

Statistical analyses

Allele fragment size ranges, average allele sizes, the

number of alleles, and genotyping success rates of each

locus were counted.  The genotyping reproducibility was

calculated as rates of samples that had the finally decided

genotypes same as the result in the first analysis of three

genotypings.  The fecal conditions were compared with

success rates of microsatellite genotyping and mtDNA

amplification rates.

The minimum number of individuals was estimated

by comparing the genotypes.  After excluding all the

samples that were not identified as unique individuals, in

order to evaluate whether the loci used were effective to

identify individuals, the probability of a genotypic match

(P(ID)) was estimated by GIMLET version 1.3.2 (Valière

2002).

Results

In the present study, 43 of 59 samples were identified

as fox feces by the mtDNA analysis.  Basic information

of each locus was shown in Table 1.  All allele fragment

sizes were less than 200 bp, and allele sizes of loci V402

and V468 were less than 100 bp.  The number of alleles

ranged from three to six through all the loci examined.

The genotyping success rate was the lowest (23.3%) at

V142, and the highest (69.8%) at V402.  The genotyping

reproducibility was the lowest (53.5%) at DB3, and the

highest (88.4%) at V402.  The genotyping success rate

and reproducibility at each locus decreased when the

average allele size increased (Figs. 2a, b).

There were no clear differences in genotyping success

rates among condition levels of fecal samples (Table 2).

In “Older feces” consisting of “Dried” and “Dried and

whitened”, the number of genotyped locus per sample

was 4.21 and success rate of mtDNA analysis was

77.8%, whereas those values in Fresher feces consisting

of “Fresh and wet”, “Fresh” and “Usual” were 3.96 and

68.3%, respectively (Table 2).

The genotyping results of all fecal samples showed

Table 1. Basic information of each microsatellite locus in the red fox

Locus Allele size (bp) Mean size (bp) Number of alleles
Genotyping

success rate (%)

Genotyping

reproducibility (%)

DB1 133–152 138.1 6 51.2 55.8

DB3 125–129 126.7 3 51.2 53.5

DB4 111–135 116.5 5 51.2 55.8

DB6 106–112 108.4 3 37.2 67.4

V142 136–160 147.1 6 23.3 58.1

V374 100–113 106.3 4 46.5 72.1

V402 83–97 86.7 6 69.8 88.4

V468 84–94 89.1 4 65.1 74.4
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that the minimum number of individuals was 22 (Table 3).

There were two pairs of fecal samples, which were con-

sidered to have the identical genotypes (P(ID)sibs < 0.01)

(Table 3 and Fig. 1b).  Cumulative P(ID)sibs in the 22 sam-

ples was less than 0.01 at the 7th locus (Fig. 3).  In all

possible combinations of seven in the eight loci, cumula-

tive P(ID)sibs values were also estimated to be less than 0.01.

Discussion

The present study, using fecal samples collected for

the purposes except genetic analysis, demonstrated that

at least 22 individuals occurred in the sampling area of

the Shretoko Peninsula in the sampling period (spring to

autumn of 2007).  Although there has been few report on

the absolute number of individuals of the red fox in

Japan, Nonaka et al. (1998) reported that 3–4 families

have their distinct territories along the road in this study

area.  If one family consists of two adults (male and

female) and an average of 3.5 cubs (Tsukada 1997b), a

total of 16.5–22 individuals occur along the road.  Actu-

ally, there might be additional individuals such as

helpers (Macdonald 1979, Suzuki et al. 1983, Tsukada

1997c) and itinerants (Tsukada 1997c) in this area, and

consequently the result of this analysis that a minimum

of 22 individuals occurred in the sampling area is

reasonable.

Table 2. Conditions of feces in field and PCR success rates

Condition
Number of 

samples

Samples succeeded in 

mtDNA analysis

Genotyped

microsatellite loci

Genotyped loci/

sample analysed

MtDNA 

amplification rate

(%)

1. Fresh and wet 3 2 1 0.50 66.67

2. Fresher 2 1 6 6.00 50.00

3. Usual 36 25 104 4.16 69.44

4. Dried 7 6 27 4.50 85.71

5. Dried and whitened 11 8 32 4.00 72.73

Fresher (1 + 2 + 3) 41 28 111 3.96 68.29

Older (4 + 5) 18 14 59 4.21 77.78

Total 59 43 170 3.95 72.88

Fig. 2. (a) The relationships between genotyping success rates and

average allele sizes, and (b) those between genotyping reproducibility

and average allele sizes.  The approximate lines were drown by

Microsoft Excel X.

Fig. 3. Logarithmic plots of cumulative P(ID)unbiased (open circles) and

P(ID)sibs values (closed circles).
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The distribution of the feces that were considered to

have been dropped from different individuals having the

identical genotypes (P(ID)sibs < 0.01) was almost over-

lapped with the home range of one fox revealed by

Tsukada (1997a) (Fig. 1b).  The P(ID) values of less than

0.01 is necessary for population size estimation (Mills et

al. 2000), and such values in P(ID)sibs were earned without

DB6 and V402 in the present study (Fig. 3).  Moreover,

in all possible combinations of seven out of the eight

loci, P(ID)sibs values were estimated to be less than 0.01.

Therefore, the combinations of the above six loci or all

the combination of seven out of eight loci were consid-

ered effective to distinguish the fox individuals at the

Shiretoko National Park.  The present study showed two

pairs of fox feces having P(ID)sibs values of less than 0.01

which are considered to be dropped by the same foxes

(Table 3).  Tsukada (1997a) reported that the average

size of the fox’s home range in this area was about 250

ha, constantly from May to October every year (Tsukada

1997a).  Therefore, it is reasonable to consider that the

distribution obtained by the fecal DNA analysis is not

incongruent with the fox home range in Shiretoko.

Increasing the number of samples would provide us more

detailed structures of fox home ranges and population

sizes in the Shiretoko National Park.

The present study did not always show that older feces

resulted in lower success rates (Table 2).  Although feces

occurring in the field long time could have been exposed

to sunlight and rain, and fecal DNA molecules could

have been fragmented, the result of the present study

indicates that older-looking feces sometimes included

analyzable DNA as shown in Table 2.

On the other hand, the genotyping success rates of

some loci in the present study were lower than those in

other previous studies (e.g. Frantz et al. 2003; Piggott et

al. 2006), indicating the difficulty of genetic analysis

using fecal samples.  The genotyping reproducibility

values (53.5–88.4%, Table 1) show the unavoidable risks

for genotyping errors.  However, usage of better loci for

identification would provide more reasonable investiga-

tions in lower cost and lower possibility of overestimate

of population sizes by genotyping errors.  Microsatellite

loci having alleles in longer fragment sizes lead lower

success rates and reproducibility of PCR amplification

than the loci having shorter alleles (e.g. Hummel et al.

1999; Nielsen et al. 1999; Wandeler et al. 2003).

Frantzen et al. (1998) also reported that short PCR

fragments (100–200 bp) are significantly suitable to fecal

identification analysis compared to longer fragments.

Table 3. Results of genetic identification of individuals

Sample

code

Microsatellite loci

DB1 DB3 DB4 DB6 V142 V374 V402 V468

S-07-29 AA AA CE AA DD BC BB AC

S-07-15 AA AC CE AB DD BC BB AC

S-07-23 AE AA CC BB BD CC BB BC ☆

S-07-17 EF BB BB AC BD BC BB BC ★

S-07-3 AB AC BB BB – AD BB BD

S-07-59 AF AC CC AB – BC BD BC

S-07-11 AF AC CE AB – BB BD AB

S-07-99 CC AC BC AB – AB BB BB

S-07-77 – BB BB AC BD BC BF BC

S-07-71 AA – – AA BE BC BB BC

S-07-60 AB AC BB – – AA BB BB

S-07-114 AE CC CC AA – – BB BC

S-07-85 AF CC CE – – BB BD AB

S-07-63 BD AB BB – – AD BB BD

S-07-16 – BB CC AC – AA BB BC

S-07-20 AA AA – – – CC BB AC

S-07-75 CC – CC – – DD BB BC

S-07-6 – AA BB – BF – BB BD

S-07-34 AA BB CC – – – – CC

S-07-36 – BB DD – – – BB CC

S-07-10 – BB – – – BC AB BC

S-07-89 – – – BB – – BB DD

S-07-25 – – – – – – BB AC

S-07-48 AA – – – – – – –

S-07-116 AA – – AA – – BB –

S-07-18 AE AA CC BB – CC BB BC ☆

S-07-9 – – CC – – – BB –

S-07-32 EF BB BB AC BD BC BB BC ★

S-07-5 – – – – CC – – –

S-07-113 – – – – – BB – –

S-07-38 – – – – – – BB BB

S-07-79 CC – – – – – – –

S-07-45 – – AA – – – – –

S-07-80 – CC – – – – – –

S-07-30 AA – – – – – CC –

S-07-4 – – – – – – EE –

S-07-42 – – – – AA – BB CC

S-07-69 – – – – – – – DD

S-07-22 – – – – – – – –

S-07-67 – – – – – – – –

S-07-68 – – – – – – – –

S-07-88 – – – – – – – –

S-07-112 – – – – – – – –

Each genotype was shown as a combination of alleles expressed as A–F.

Samples were divided into two groups by the broken line.  Because

samples in the upper group have different genotypes at one or more

loci from the others, they were considered as unique individuals.  Sam-

ples in the lower group could not be identified as unique individuals.

The two samples with the open stars and the different two with the

closed stars are considered to have the same genotypes, respectively

(P(ID)sibs < 0.01).
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The present study, although some loci are in exceptions,

also indicated that genotyping success rates and repro-

ducibility likely correlated to average allele sizes (Table

1, Figs. 2a, b).  Especially, because the higher genotyping

reproducibility can bring us lower repeated times of

genotyping, the improvement can decrease laboratory

cost and time.  It is reasonable to use loci that have

smaller allele sizes to obtain more reliable results even if

the fragment sizes were less than 100–200 bp.

Although the ideal methods were different from spe-

cies to species, many transport and preservation methods

were already reported for fecal non-invasive analysis.  A

simple drying transfer method by using silica beads was

the best way in bear feces (Wasser et al. 1997).  Preser-

vation in DMSO/EDTA/Tris/salt solution was also effec-

tive in baboons (Papio cynocephalus ursinus) (Frantzen

et al. 1998).  The combination of GuSCN/Silica extrac-

tion method (Boom et al. 1990; Höss & Pääbo 1993) and

the 70% ethanol-storage method brought high geno-

typing success rates in the Eurasian badger Meles

meles (Frantz et al. 2003).  Thus these methods may

also improve the genotyping success rate.  It could be

more effective to develop the non-invasive method by

improving the transportation and preservation methods

and combination with the traditional field methods.
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