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Abstract

On the chemical analysis methods for pesticide residue in vegetables, some activated
charcoals are often used as to adsorb pesticides. Those most are made from polymer
materials, but a part is made from other things. For example ,sometimes activated
charcoals are made from agricultural wastes, like nut shell, rice chaff, palm shell, bagasse,
corn wastes etc. for environmental clean materials. In particular, the corncob charcoals
(Dalian in China) can absorb a larger amount of metal ions from contaminated water
compering with other wood charcoals. In this paper, the relationship between the
carbonization conditions and the physicochemical properties and adsorbability of some
environmental pollutants.
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Absorption restraint of cadmium ion into crops
by addition of corncob charcoal to soil
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Abstract: Charcoals were prepared by carbonization of waste corncob (core of corn berry)form China under a
nitrogen gas flow at 500-1000°C in an electric furnace. At the adsorption experiments of cadmium ion by the
obtained corncob charcoals in aqueous solutions, the charcoals showed higher adsorbability compared to usual
charcoals, depending on the difference in pore structure and surface charge caused by carbonization
temperature. Moreover, at the cultivation experiments of Japanese mustard spinach and cabbage, the contents
of cadmium ion in leaves and roots of these crops cultured in the soil with the charcoal were lower than that
without the charcoal. This indicates that the corncob charcoal has the effect of absorption restraint of

cadmium ion into the crops by its high adsorbability.
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The “Seed-cutting method”: A novel aseptic method for inducing germination
in Lilium species
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Abstract

The present study describes a novel method for aseptically germinating Lilium species that grow
wild in Iwate Prefecture, Japan. We compared seed germination characteristics in Lilium auratum
using conventional horticulture germination techniques and a novel seed-cutting method. A total of
75 days was required to germinate the seeds using the conventional warm-and-cold storage
technique that is most widely used by lily producers. However, using the seed-cutting method,
germination only took six days and the rate of germination was higher than that observed with
other methods. The growth form produced after germination by the seed-cutting method was
typical of epigeal germination, and was characterized by the emergence of a true leaf. Germination

and common growth forms were observed in all seeds from 18 global species of wild lily species
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examined when the seed-cutting method was applied. Using this seed-cutting method will

markedly decrease the period required to germinate members of the genus Lilium.

Key Words: epigeal, hot and cool method, Lilium auratum, seed-cutting method, true leaf
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Abstract.

In order to establish methodology for population estimation of Asiatic black bears using

the hair-trapping method, hair-trapping devices were located within a study area, and basic data were
collected to determine the optimal survey period for hair sampling. Bear hairs collected were classified
as three types (guard hair; G, underfur; U, and intermediate hair; ) depending on hair-bulb thickness.
After DNA extraction, six microsatellite loci and amelogenin locus were amplified in order to identify
individual bears and sex, respectively. The number of hairs collected by hair-trapping devices decreased
dramatically in late August, while those that had lost part of the hair bulb increased after September.
The success rate of genetic analysis was over 90% prior to the month of July and rapidly decreased in
August. Based on the results of the generalized linear model, it was determined that sampling session
had the most significant impact on the success rate of genetic analysis of all the explanatory variables
examined. Higher rates of U-type hairs within samples used in DNA extraction resulted in lower success
rates of genetic analysis. It was concluded that the optimal survey period for estimating population size

using the hair-trapping method was between June and early August.

Key words: Asiatic black bear, genetic analysis, hair-trapping, population estimate.

Recent advances in genetic analysis have made it possible
to identify individuals using DNA obtained from non-
invasive samples from free-ranging animals. Hair-trapping
is one of such methods, and has enabled mark-recapture
population estimates using genetic tagging to be widely
applied in the study of Ursidae species, such as the brown
bear Ursus arctos (Woods et al. 1999; Mowat and
Strobeck 2000; Ciucci and Boitani 2008; Gervasi et al.
2008; Kendall et al. 2008), the American black bear Ursus
americanus (Woods et al. 1999), and the Andean bear
Tremarctos omatus (Viteri and Waits 2009). In Japan,
experimental trials employing hair-trapping have been
conducted in various regions (Morimitsu 2008; Yoneda
and Mano 2011); however, certain problems have pre-

vented application of this method in actual population
management projects. One problem associated with hair-
trapping stems from the fact that trap visiting rates for
individual bears and success rates of genetic analyses
have varied greatly depending on sampling periods as
discussed in the previous study (Yamauchi and Saito
2008). When carrying out population estimates using
mark-recapture methods, such as the Lincoln-Petersen
method (Chao and Huggins 2005), sample collection
rates and individual capture probabilities should remain
constant during each sampling session; however, this
consistency cannot always be assured in practice. Previ-
ous studies have not determined the constancy of the
aforementioned variables during field studies, nor have

*To whom correspondence should be addressed. E-mail: yamaky@pref.iwate.jp
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they determined any possible seasonal changes in num-
ber or thickness of hairs collected using hair-trapping
devices. Therefore, the present study employed hair-
trapping devices in the sampling of bear hairs between
the months of June and December in order to determine
any possible changes in hair sample related variables over
a prolonged period of time. Based on the results of sub-
sequent genetic analyses, the present study aimed to
elucidate any possible relationships between the sam-
pling period and the success rate of genetic analyses and
to determine the optimal survey period for estimating
population size using the hair-trapping method.

Materials and methods

Study area

This study was conducted within the Omyojin experi-
mental forest (39°40'N. 140°55'E, 1,024 ha), Iwate Uni-
versity, Iwate Prefecture, Japan (Fig. 1), an area situated
to the north of the Ou Mountains, which spanned Akita
Prefecture. The climate within the study area was charac-
teristic of areas along the coast of the Sea of Japan and
experienced heavy snowfall (Iwate Prefecture 2001). In
the study area, deciduous broad-leaved trees (Japanese
beech Fagus crenata and Mongolian oak Quercus
mongolica var. groaaeserrata) and coniferous plantations
(Japanese cedar Cryptomeria japonica, Japanese red pine
Pinus densiflora and Japanese larch Larix kaempferi)
dominated.

Hair-trapping methodology and sample collection
Twenty-one hair-trap devices were set up within the
study area from 22nd to 29th of May, 2009 (Fig. 1).
Design of hair-trap devices had been described by
Yamauchi and Saito (2008). Scent baits were situated
approximately 2 m above ground attached to a central tree
at each hair-trap site. Scent baits were comprised of two
apples wrapped in a wire net (0.7 mm in diameter) and
honey (approximately 100 ml) in a plastic bottle. The
structure of baits allowed bears to easily access the food
items they contained. Hair-traps consisted of double
stranded barbed wires that had been wound around sev-
eral trees between 2 and 3 m apart from a central tree at a
height of approximately 50 cm above ground. In order to
ensure successful hair collection, barbed wires were also
wound around trees at a height that ranged from 20 to 30
cm above first barbed wire. A length on each side of trap
ranged from 2 to 4 m and varied depending on the dis-
tance between the trees to which it was attached. One or
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Fig. 1. (a) Location of Iwate Prefecture. Japan. (b) the study area
within Iwate Prefecture (apple mark). and (c¢) hair-trap sites within the
study area (apple marks).

two plastic poles were used to attach barbed wire in the
absence of suitable trees.

Traps were visited repeatedly at 3-4 week intervals and
hair sampling was conducted over 8 sampling sessions.
Bait was replaced during each sampling session between
mid-June and early December 2009 (Table 1). When
apple bait and honey bottle were crushed, it was con-
cluded that a bear had visited a given trap. Hair cluster
samples were collected from each pointed section of
barbed wires and placed in separate sampling bags, which
consisted of small paper envelopes. Hair samples col-
lected from adjacent to pointed sections put a particular
mark in order to distinguish them from other samples.
This mark was utilized for the subsequent processing of
hair sample selections. Collected samples were stored at
room temperature during transportation to the laboratory.
where they were immediately desiccated in an oven at
30°C for 24 hours or more. Samples were subsequently
stored at —20°C prior to analysis.

Classification based on hair types

Prior to DNA extraction, bear hairs were classified
into three types through visual observation: guard hair
(G-type) was thicker, longer and darker in color, under
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Table 1. Sampling session schedule in 2009

Session Sampling date
1 17-18 June
2 7-8 July
3 29-30 July
4 21-24 August
5 16 September
6 13 October
7 5-6 November
8 1-2 December

Twenty-one hair-trap devices were set up from 22
to 29 May. 2009.

hair (U-type) was thinner, shorter and downy, while all
other types of hair were classified as intermediate hair
(I-type) (Fig. 2). In order to obtain objective data during
classification of hair types, we classified random samples
of bear hair in accordance with the three types described
(n = 50), and the thickness of the upper part of hair
bulbs were measured using a Digital Camera Eyepiece in
conjunction with a microscope (HDCE-10C) as well as
Scopelmage 9.0 analytical software (AS ONE Corp.,
Osaka, Japan).

To investigate seasonal changes in hair types collected
by hair-trapping devices, total number of hairs of each
hair type was counted during each sampling session.
Damaged hairs without any hair bulb (bulb-less hair)
were also counted.

DNA analysis

Only the part around hair bulbs obtained from each
sampling bag was cut off under a stereomicroscope and
subsequently used in DNA extraction (Fig. 2). Bulb-less
hairs were not used. Thirty hair bulbs per one paper enve-
lope were used for each DNA sample. If a single sample
bag provided fewer than 30 hair bulbs, hairs from marked
sample bags taken from adjacent sections of barbed wire
were used to reach a total of 30 hair bulbs. Larger hair
bulbs were preferentially selected for use in DNA extrac-
tion, with G-type hair bulbs preferred over I- and U-type
samples, and I-type samples preferred over U-type
samples. DNA extraction was achieved using a DNA
extractor FM kit (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) used in accordance with manufacturer’s
instructions.

Six microsatellite loci (G10C. G10L, G10B, G10X,
G10P, and G10M) were used as primers for polymerase
chain reaction (PCR) amplification of microsatellite loci
in order to identify individual bears (Paetkau and Strobeck
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Fig. 2. Hair types as classified through visual observation conducted
during the present study. G. I and U denote guard hair. intermediate hair
and underhair, respectively. a: Section around hair bulb used for DNA
extraction. b: Portion of hair measured to determine hair thickness.

1994; Paetkau et al. 1995). Genetic diversity of Asiatic
black bears in Iwate Prefecture had been determined
previously by a study that had examined captured indi-
viduals (Saito et al. 2008). It had been determined that,
for the 6 loci examined in the present study, probabilities
of identity (Pid) and Pid among siblings (Pid-sib) were
9.88 x 10°and 9.14 x 10°?, respectively, and the average
heterozygosity (HE) was 0.66. The number of alleles
and fragment size in each primer are as follows: G10C
(6: 104-122 bp), GIOL (3: 132146 bp), G10B (5; 147—
161 bp). G10P (12: 163—187 bp), G10X (6: 183-203 bp)
and G10M (7; 196-208 bp). Multiplex PCR condition
such as the number of PCR cycles and optimal annealing
time in case of using bear DNA from very small sources
were the same as Saito et al. (2008). Therefore, PCR con-
ditions of the present study were conducted by the similar
method. Microsatellite DNA amplification was achieved
through multiplex PCR of primer sets A (G10C, G10L
and G10B) and B (G10X. G10P and G10M) (Saito et al.
2008). The PCR reaction mixture in a total of 15 puL con-
tained 10 x concentration TuKaRa Ex Tag buffer (20 mM
Tris-HCI, 100 mM potassium chloride (KCI; TaKaRa Bio,
Inc., Otsu, Shiga. Japan). 1.5 mM magnesium chloride
(MgCls), 0.2 mg/mL bovine serum albumin (BSA; TaKaRa
Bio, Inc.), 0.2 mM delxyribose-5-phosphate (dNTP).
0.1-0.4 uM of each primer, ~5.0 pL template DNA, and
1.25 U Ex Tag polymerase (TaKaRa Bio, Inc.). Sex deter-
mination of samples was accomplished using primers
SE47 and SE48 (Ennis and Gallagher 1994). All forward
primers were labeled using fluorescent dye groups FAM
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or VIC (Applied Biosystems, Inc., Foster City, California,
USA). PCR used in order to achieve microsatellite DNA
amplification was performed using multiplex PCR of
sets A and B (i-Cycler; Bio-Rad Laboratories, Inc.,
Shinagawa, Tokyo, Japan) under the following condi-
tions: an initial 3 min at 97°C; 15 cycles, with denatura-
tion for 30 sec at 97°C, annealing for 90 sec at 55°C,
and extension for 30 sec at 72°C; 30 cycles with dena-
turation for 30 sec at 90°C, annealing for 90 sec at 55°C,
and extension for 30 sec at 72°C, followed by a final
extension for 30 min at 60°C. PCR conditions used to
achieve sex determination were the same as those used
during the amplification of microsatellite DNA; however,
an annealing temperature of 63°C was used. Three con-
trols were included in each experiment in order to identify
possible contamination (2 positive controls, which con-
sisted of black bear DNA extracted from muscle (1 male
and 1 female), and 1 negative control was also used.

PCR products were separated using a genetic analyzer
(ABI Prism 310 and 3130x/; Applied Biosystems, Inc.)
and Performance Optimized Polymers 4 (POP4) and 7
(POP7) (Applied Biosystems Inc.) used in accordance
with manufacturer’s protocols. Runs consisted of 1 pL
sample DNA, 0.5 pL standard samples with LIZ® labels
(GS 500; Applied Biosystems, Inc.), and 12 pL. formam-
ide (Applied Biosystems, Inc.). Data was analyzed using
GeneMapper version 3.0 (Applied Biosystems, Inc.).

Genotyping and error-checking steps were achieved
using previously described methodologies (Uno et al.
2012). Samples, in which all six loci were successfully
analyzed, were subjected to subsequent analysis using
GENECAP version 1.3 (Wilberg and Dreher 2004) to
detect one or two similar genotypes (1 mismatch: IMM
and 2 mismatch: 2MM). 1MM or 2MM samples were
selectively reanalyzed using a singleplex reaction to ver-
ify scoring and genotyping errors. When erroneous geno-
types were suspected, samples were reanalyzed using an
additional PCR and individual’s genotypes were subse-
quently identified in accordance with the error checking
procedure described by Uno et al. (2012).

Statistical analysis

The thickness of the basal part of hair bulbs of each
hair type was analyzed using a Games-Howell test. It was
assumed that hair samples were collected randomly from
bears inhabiting the study area, and analysis was there-
fore conducted using a generalized liner model (GLM)
with binomial error and a logit link function. Success
rates of genetic analysis were explained based on each
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sampling session, the number of G-, I- and U-type hairs
per sample. In addition, the relationships between the
success rate and the rate of each hair type per sample
(G rate; the rate of G-type hairs in a given sample, I rate;
the rate of I-type hairs in a given sample, U rate; the rate
of U-type hairs in a given sample) were compared. Since
the multi-collinearity occurred when the rates were used
in GLM analysis, analyses were conducted separately
depending on each hair type. Consequently, success rates
were explained based on the following explanatory vari-
ables: session, G rate, I rate, U rate, session and G rate,
session and I rate, and session and U rate, respectively.
Model selection was performed using Akaike’s Infor-
mation Criterion (AIC), which shows the best model of
any candidate set applied to a given data set is that with
the lowest AIC value. Models with AAIC < two were
assumed to be reasonable alternatives to the best model
identified (Burnham and Anderson 2002).

A McNemar test was also conducted in order to deter-
mine differences in genotyping success rates based on
primer type. Familywise error rate was calibrated using
the Sidak method (P <0.05).

All analyses were conducted using R ver. 2.15.0 (R
Development Core Team 2012).

Results

Significant differences in hair bulb thickness were
detected by comparison of the three hair types examined
(Fig. 3) (G-1; r = 17.13, P < 0.01, G-U; t = 32.08, P <
0.01, 1-U; = 17.06, P <0.01). As values of thickness did
not almost overlap among hair types, subsequent DNA
analyses were done to confirm classification of G-type
(range = 60.3—119.7 pm, mean + SD = 78.5 £ 11.5 pum,
n = 50), I-type (range = 30.7-58.8, mean + SD = 44.3 +
7.9, n=50) and U-type (range = 14.2-31.6, mean + SD =
22.5 +£4.2, n=>50) hairs.

The number of hairs collected by hair-trapping devices
differed among sampling sessions (Fig. 4a). A large num-
ber of hairs were collected in July, while a much smaller
number was collected in August; however, the number of
hairs in which the hair bulb was not present gradually
increased from August onward. The majority of hairs col-
lected after autumn did not possess a hair bulb (Fig. 4b).

The GENECAP analysis on all 149 samples showed
11 samples for IMM and 41 for 2MM. The mismatched
markers were selectively reanalyzed using the singleplex
reaction, and only one allelic dropout occurred in 2MM
samples. Other genotyping errors were caused by the non-
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Fig. 3. Thickness of the basal part of hair bulbs associated with each
hair type (n = 50). G. I and U denote guard hair. intermediate hair and
underhair. respectively. Boxes range from the 1st quartile to 3rd quar-
tile. Open dots denote outliers (values lower or higher than 1.5 = the
interquartile value). Whiskers indicate the highest and lowest values
that are not outliers. Significant differences exist among the three hair
types (Games-Howell test).

amplification of PCR products or the difficulty of reading
of allele peaks on electrophoregrams. The success rate
of genetic analysis was over 90% prior to July and showed
a marked decrease in August (Fig. 5). The success rate
of genetic analysis increased after September: however,
it was never as high as it had been in July (40-60%).

Table 2 shows the results of GLM comparison between
success rates of genetic analysis and explanatory varia-
bles (session: G-, I-, and U-type hairs). Three models
with AAIC values of two or less were adopted for use in
the present study. Sampling session was selected in the
three models. Table 3 shows the results of GLM compari-
son between success rates of genetic analysis and each
explanatory variable based on session, G rate, | rate and
U rate, respectively. One model including session and U
rate as explanatory variables with AAIC values of two or
less was only adopted.

195

10000

6000 | s 1 AU

Number of hairs

Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Month

400 | ——G

200

Number of hairs

100

Jun. Jul. Aug.l Sep.' Oct. ' Nov. Dec.
Month

Fig. 4. (a) The number of hairs obtained during each sampling ses-
sion. Hairs were collected from all hair-traps. G. | and U denote guard
hair, intermediate hair and under hair. respectively. (b) The number of
hairs without hair bulbs from the total number of hairs collected (a).
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Fig. 5. The success rate of genetic analysis during each sampling

session. The number of samples successfully analyzed/the total number
of samples analyzed from the first through eighth sessions were 24/25,
24/26, 27/31, 8/25, 9/15, 6/11. 4/12 and 2/4, respectively.

Table 2. GLM comparison between success rates of genetic analysis and explanatory variables (session: G-. I-, and U-type hairs)

Explanatory variables

Intercept df AlIC AAIC W
Session G |

2.676 + 0.169 0.062 10 147.89 0.00 0.26

2.878 + 0.054 9 148.56 0.67 0.22

2,742 + 0.167 0.060 —0.006 11 149.87 1.98 0.08

0.838 1 184.54 36.65 0.00

Session is the hair sampling session (Table 1). G. | and U are represented the number of guard hair, intermediate hair and underhair per sample.
respectively. dfis the degree of freedom. AIC is the Akaike information criterion corrected for small samples (Burnham and Anderson 2002). AAIC
is the AIC of the model in question minus the smallest AIC among all models. W is the Akaike weight,
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Table 3. GLM comparisons between success rates of genetic analysis and explanatory variables (session, G rate. [ rate. U rate, session and G rate.

session and I rate. and session and U rate. respectively)

Explanatory variables

Intercept df AlC AAIC
Session G rate I rate U rate
4.383 + —1.838 9 146.24 0.00
2.842 + 5.142 9 148.45 2.21
2.790 + 1.300 9 148.90 2.66
3.178 + 8 149.85 3.61
0.535 8.252 2 175.05 28.81
1.205 —0.897 2 179.89 33.65
0.838 1 184.54 38.30
0.688 0.277 2 186.31 40.07

Session is the hair sampling session (Table 1). G rate is the rate of guard hairs in a given sample. [ rate is the rate of intermediate hairs in a given
sample. U rate is the rate of underhairs in a given sample. df'is the degree of freedom. AIC is the Akaike information criterion corrected for small
samples (Burnham and Anderson 2002). AAIC is the AIC of the model in question minus the smallest AIC among all models.
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Fig. 6. (a) Rate of traps that had been visited by bear (trap visiting
rate) during each sampling session. The number of traps visited by
bears/the total number of traps from the first through eighth sessions
were 17/21, 16/21.21/21,20/21. 19/21, 19/21. 17/21 and 12/21. respec-
tively. (b) Rate of traps. from which bear hair had been successfully
recovered (hair recovery rate) during each sampling session. The
number of traps. from which bear hairs could be caught/the number
of traps visited by bears from the first through eighth sessions were
17/17. 15/16, 21/21, 19/20, 19/19, 19/19, 17/17 and 10/12. respectively.

Rates of traps that had been visited by bears (trap
visiting rates) for the 21 hair-trapping devices employed
were calculated for each sampling session. Between June
and early July (sessions | and 2), trap visiting rates were

100

BB47 G10C Glol GI0B GlOP GI0X Gl0M
sk
Primer
Fig. 7. Genotyping success rates by primer type (SE47 and SE48:
86.6%. G10C: 87.9%, GI0L: 94.0%, G10B: 87.2%, G10P: 76.5%,
G10X: 87.2%, G10M: 83.9%). Different superscripted letters indicate

significant differences detected using a McNemar test. Familywise
error rates were calibrated using the Sidak method (P < 0.05).

between 70 and 80%. After November, trap visiting
rates decreased, reaching a rate of approximately 50% in
December (Fig. 6a).

On traps, which had been visited by bear, rate of traps
from which bear hair had been successfully recovered
(hair recovery rate) was calculated for each sampling
session. Hair recovery rates were nearly 100% in sessions
undertaken during each month except for December,
during which the rate was much lower (Fig. 6b).

Fig. 7 shows differences in genotyping success rate
associated with each primer type. The genotyping success
rate of G10L was significantly higher than that of G10P
(G10L-G10P; chi-square value = 24.04, P < 0.05) and
G10M (G10L-G10M; chi-square value = 13.07, P <0.05),
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Table 4. The number of bears identified during each sampling session
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Session
Total number? Identified number?
1 2 3 4 5 6 7 8
Male 3 10 7 3 7 3 2 2 37 21
Female 3 5 6 5 3 1 0 24 14
Total 6 15 13 8 8 6 3 2 61 35

1) The total number of male, female bear during all sampling session.
2) The identified bear number during all sampling session.

while the genotyping success rate of G10P was signifi-
cantly lower than those of the other primers examined,
with the exception of G10M and SE47 and SE48 (G10P—
G10C; chi-square value = 13.47, P <0.05, G10P—G10B;
chi-square value = 10.23, P <0.05, G10P-G10X; chi-square
value = 14.06, P <0.05).

Identification of individuals was conducted based on
the results of genetic analyses. Some differences existed
in the number of identified individuals during each sam-
pling session (Table 4). Only six bears were identified in
June (session 1); however, that number increased rapidly
in July (sessions 2 and 3). Subsequently, from August to
November, they decreased.

Discussion

Fluctuation in success rates of genetic analysis
depending on sampling periods and seasonal differences
in hair types collected by hair-trapping devices have both
been reported (Yamauchi and Saito 2008). In the present
study, we conducted long-term hair sampling in a natural
environment and determined the optimal survey period
for estimating population size of Asiatic black bears using
the hair-trapping method.

Seasonal changes in hair types collected by
hair-trapping devices

Though trap visiting rates were relatively high through-
out the sampling season with the exception of December
(Fig. 6a), number of hairs collected by hair-trapping
devices suddenly decreased in late August (Fig. 4a).
Therefore, it was believed that this period could corre-
spond to molting season for bears. Nakashita (2006)
examined the annual growth of Asiatic black bear hairs,
which molted between August and September. It was
thought that the reduced number of hairs collected by
hair-trapping devices during late August was the result of
new post-molt hairs being more tightly attached to bears’
skin. The fact that the number of hairs that did not possess

a hair bulb increased gradually from late August onward
(Fig. 4b) was also thought to have been caused by the
tightness with which new post-molt hairs had been
attached to bears’ skin. These results indicated that hair
molting in late August affected the number and quality of
hairs collected by hair-trapping devices.

Success rate of genetic analysis

The success rate of genetic analysis in the present
study decreased rapidly in late August (Fig. 5). The simi-
lar results have been reported in previous studies under-
taken in both Iwate Prefecture (Biodiversity Center of
Japan 2006) and Gifu Prefecture, Japan (Kondo 2009).
Morimitsu (2010) removed hairs directly from captured
Asiatic black bears between May and September, exam-
ined the success rate of genetic analysis with respect to
the season during which samples were collected, and
determined that success rate decreased until August, after
which point it increased gradually. As Morimitsu (2010)
did not obtain hair samples using hair-trapping devices,
it was difficult to compare these results to those of the
present study; however, these results demonstrated that
the success rate of genetic analysis conducted using sam-
ples obtained in August was not 100%, even when hair
samples were obtained directly from living bears. More-
over, Morimitsu (2011) demonstrated that success rate
tended to decrease when hairs were kept under higher
temperature and humidity conditions and/or stored for a
long time after hair sampling. Consequently, the success
rate of genetic analyses using hairs collected through
sampling conducted in field would demonstrate further
decrease, as hairs would be exposed to open-air condi-
tions for a long time prior to sampling. Based on these
considerations, it was presumed that the decrease in the
success rate of genetic analysis observed in late August
was the result of DNA degradation caused by rises in
temperature and humidity. There are hardly any reports
of other countries on the seasonality of the success rate
of genetic analysis. Fluctuation in the success rate of
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genetic analysis depending on sampling period might be
a peculiar problem to Japan. By further performing the
experimental approach that Morimitsu (2010, 2011)
carried out, the cause of the seasonality might be eluci-
dated and the genetic resources could be acquired effi-
ciently in various regions where the hair-trapping method
was conducted.

Effects on the success rate of genetic analysis

Based on the results of GLM, sampling sessions were
selected as the most significant explanatory variable in
each of the three models used. It seems that the decrease
in the success rate in late August affected the results of
GLM.

Moreover, the U rate was also determined to have a
significant effect on success rates of genetic analysis
(Table 3). It was determined that a greater U rate per sam-
ple used in DNA extraction resulted in a lower success
rate of genetic analysis. Since hair bulbs of U-type hairs
were thinner and smaller than those of G- and I-type hairs,
it was assumed that the amount of DNA in U-type hairs
was considerably lower than it was in other hair types.
Previous studies have determined that main cause of
PCR amplification failure when using non-invasive
samples obtained from nature was insufficient quantity
of DNA (Taberlet et al. 1996; Gagneux et al. 1997;
Goossens et al. 1998; Fernando et al. 2003; Saito et al.
2008). The amount of DNA extracted from samples with
higher U rates was so low that the subsequent genotyping
errors could have occurred. In order to avoid genotyping
errors resulting from insufficient template DNA, the
present study extracted DNA from 30 hairs from each
sample. In order to avoid contamination due to the use of
hairs from multiple individuals, Morimitsu (2008) and
Tsuruga (2008) extracted DNA from only a few hairs.
When samples containing DNA from multiple bears were
identified in the present study, they were discarded using
the methodology of Paetkau (2003). In the present study,
consequently, eight samples were recognized as contami-
nation from multiple individuals.

Seasonal changes of trap visiting rate and hair
recovery rate

The home range of Asiatic black bears is relatively
extensive, and habitat use has exhibited seasonal changes
in the Northern Japan Alps (Izumiyama and Shiraishi
2004). Hashimoto (2003) showed that the range of Asiatic
black bears is extended due to food shortages in summer,
while in autumn it is reduced, as the main food source

Mammal Study 39 (2014)

shifts to nut trees. The rapid increases in trap visiting
rate observed from late July onwards and the decreases
observed from November onward (Fig. 6a) were likely
to the result of seasonal changes in habitat use. The trap
visiting rate increased from July because their home
range was extended in breeding season (June and July).
Decreases in trap visiting rate during autumn were
believed to have been caused by reduction in the drawing
power of scent baits as other food resources became more
abundant. The hair recovery rate was high throughout the
entire sampling period (Fig. 6b). This demonstrates that
the hair-trapping devices used in the present study were
capable of collecting hairs efficiently. Because several
studies have employed different hair-trapping devices in
different places (Morimitsu 2008; Tsuruga 2008; Uno et
al. 2012), unique trap structure by each region have been
developed until now.

Genotyping success rates by primer types

Success rates of genetic analysis significantly differed
in primer type. G10P resulted in relatively small Pid val-
ues and high degrees of polymorphism, but readability
of allelic peaks was frequently diminished. These results
indicated that genotyping success when using G10P was
low. Consequently, the use of primers, which were diffi-
cult to read allele peaks should be avoided. Moreover, the
genotyping success of G10P or G10M used in multiplex
PCR of primer set B was lower than that of primers in set
A. Yoshida et al. (2002) reported that when multiplex
PCR was conducted using old and degraded samples such
as forensic specimens, amplification efficiency of large
DNA fragments was lower than that of small DNA frag-
ments. Amounts of DNA obtained from hair collected
using hair-trapping devices were very low and DNA deg-
radation likely occurred due to exposure to environmental
conditions, it therefore is suggested that PCR amplifica-
tion of large DNA fragments collected in the present
study would have been difficult. Recent studies have
identified new markers capable of identifying individual
black and brown bears (Meredith et al. 2008; Sanderlin et
al. 2009). Further study is indispensable for genotyping
success, not only on the ability of markers to achieve indi-
vidual identification, but also on selection of optimal
markers for use in conjunction with hair samples.

Seasonal changes of the identified bear number

Based on the results of genetic analysis obtained in the
present study, the number of individual bears identified
differed considerably among sampling periods (Table 4).
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The decrease in identified individuals that occurred in late
August might have been caused by the simultaneous
decrease of the success rate of genetic analysis. Further-
more, the rapid increase in individual bears identified in
early July might have been caused by the extension of
their habitat use, which was the result of summer food
shortages. Especially, the increase in identified males in
July might be related to the extension of habitat range in
male by breeding season. The results suggest that sam-
pling after autumn was not suitable due to the associated
decrease in number of individuals successfully identified.
As small areas of open forests in which bears can easily
enter from surrounding areas were examined, the esti-
mation of the population size using simulation models of
the mark-recapture method was not conducted. Recently,
large scale hair-trapping study with 245 traps in a 606
km? study area had been conducted for estimation of the
population (Japan Wildlife Research Center 2011), the
bear population size was estimated by a new population
estimation technique (Efford 2004; Gardner et al. 2009;
Royle et al. 2009). Consequently it was possible to esti-
mate the bear population by setting up traps more exten-
sively than the present study area and to discuss eco-
logical information by carrying out continuous research.
Moreover, as the structure of baits allowed bears to easily
access the food items in the present study, it is thought
that trap visiting rates increased. Softwares for spatially
explicit capture-recapture, DENSITY (Efford 2004; Efford
et al. 2004, 2009) and SPACECAP (Royle 2009), permit
the construction of a simulation model considering their
peculiar behavior such as “trap-happy” or “trap-shy”. By
carrying out a large-scale investigation and the simulation
model in future, it will be possible to clarify the influence
on their behavior by the structure of bait.

Conclusion

It was concluded that the optimal survey period for
estimating population sizes of Asiatic black bears using
the hair-trapping method in the study area was from early
June to early August. Although trap visiting rates between
June and July were not high (Fig. 6a), this period was the
most suitable for genetic analysis due to the sustained
high success rates observed when examining samples
collected during this period. It was concluded that hair
sampling after late August was not suitable, since success
rates of genetic analysis decreased rapidly in samples
collected from this period onward (Fig. 5) and collection
of hair samples that possessed a hair bulb was reduced.
Furthermore, trap visiting rates decreased from November
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onward (Fig. 6a) and numbers of individuals identified
after this period also decreased (Table 4). Although the
success rate of genetic analysis increased after autumn,
the drawing power of scent baits would have been reduced
during that period as the main food resource of Asiatic
black bears would have shifted to nut trees. As abundance
and distribution of annual mast production affect bear
habitat use, capture probabilities using the hair-trapping
method may dramatically change in autumn.

The hair-trapping method has been examined in many
regions throughout Japan and sampling periods have
varied. Many of these studies have encountered prob-
lems, such as not being able to collect sufficient samples
and/or decline in the success rate of genetic analysis. By
using the optimal survey period determined by the present
study, it would be possible to collect data efficiently and
conduct investigations using the hair-trapping method
without wasting time or financial resources. Subsequent
to the present study, a large-scale DNA-based population
survey using the hair-trapping method was conducted in
Iwate Prefecture in 2010 that examined factors affecting
genotyping errors (Kondo et al. Unpublished data). This
result will allow for more efficient estimation of bear
population sizes in Japan.
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