Use of Stablelsotopesto Determine Diets of Formosan Black Bears

(Ursus thibetanus formosanus )
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Abstract

Food resources affect bear survival and limit bear population
growth.Diet is an important part for conducting in habitsof wild
animalresearch, and it also provides the necessary key information for
conservation and management.Out of a small numberof Formosan black
bear (Ursus thibetanus formosanus) and difficulties to tracking, fecal
pellets analysis was limited byspace and temporal sampling bias.Stable
isotopes analysis had been used as a powerful tool on diet studies by
analyze animal’s hair as a diet recorder.I used carbon and nitrogen stable
isotopes to determine diets of Formosan black bears.I conducted a feeding
trail controlling study on captive bear to understand the turnover rate and
hair growth rate and to referdietary seasonal shift (acorn season and
non-acorn season). I found the half-life time of the hair metabolic pool is
20.0 days, and the average hair’s growth rateis 1.45 cm per month.Wild
Formosan black bear hairs were collected in Yushan National Park from
1998 (n=6), 2000 (n=7), and 2008(n=14).The &'’ Cvalues of the three
years in acorn season were -22.75+1.33, -22.424+0.95%o, -22.424+0.95%o.
In non-acorn season were -23.02+1.27%o, -23.10+0.59%o,
-22.76+1.26%0.The 8"°N values of the three years in acorn season were
4.81+0.38%o0, 4.36£0.62%o0, 5.37+1.31%o. In non-acorn season were
4.2540.93%o, 3.79+0.23%o, 5.37+1.31%0.The 8'°N values in acorn season
were significantly heavier than non-acorn season (df=13,
t=4.466,p=0.001) , but no significantly different in the 5"’ Cvalues (df=13,
t=-0.535, p=6.02).Comparing the three years data, neither 8"°N nor §'°C
values were significantly different. The 8'"°C values in C4 plants
(8"°C=-29.46%o, n=18) were heavier than C3 plants (3"°C=-12.08%o, n=1),
and the 3'"°N values in animal category were heavier than plant
category.Using of Monte Carlo simulation to estimate the diet of
Formosan black bear, C3 plant category was the highest contribution of
food types.Theplant category ratio was higher than the animal category,

1n addition to non-acorn season of 1998 and acorn season of 2008.Stable
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isotope analysisresults showed the higher proportion of animal category
in Formosan black bear dietthanthe results of fecalpellets analysis and can

reflect longer-term of time and larger space scales either.
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FANSHTET e chE S AP PR TR F P

(s

% & (%o) °

gy &+ Bt A 815N 813C
C3 24 7o Cyclobalanopsis glauca * 7 -0.27  -27.18
LN Lithocarpus castanopsisifolius * 7 -0.10  -26.43
R Quercus stenophylloides * 7 -1.14  -25.57
H oLt Cyclobalanopsis morii * 7 -2.84  -26.52
=t Machilus thunbergii T -1.00  -28.17
o B % Malus formosana * 5 -0.66  -31.80
AR H Vaccinium vitis-idaea * 7 035 -26.41
B Ep Machilus japonica Sieb. a Zucc. -2.54 -33.28
- &A1 Alnus formosana T -1.30  -30.52
oL 4 Eriobotrya deflexa * 7 -3.85  -29.34
oL 4R 72 Prnus campanulata T -2.06  -30.28
B R Rk Viburnum luzonicum * 7 -041  -30.10
S w Viburnum formosanum *F -2.43  -30.30
2R 4+ Rubus wallichianus T -1.37  -30.99
bR A+ Rubus formosensis ¥ 291  -30.33
N HE R4S Rubus pirifolius ' -4.88 -31.68
i = Dioscorea bulbifera T -4.69 -29.23
T E R Rubus Pectineiius Maxim. T -120  -32.36
C4 24 1§ Miscanthus floridulus T 2.02  -12.08
! Y ESUSY Vespa manderinia o 337  -25.19
E R TR Myrmica margaritae - 424  -25.89
RS o T Muntiacus reevesi yUp 1.51 -27.48
o AL I Naemorhedus swinhoei S 3.95  -2647
e AR Cervus unicolor swinhoei e .11 -22.97
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% 51998 # » Hwang(2003)*" % L Bl RO B & RT3 HPlen 6 & 2 (S B4 - F WIHES % T 2 23 R} % £ gt
TEE >~ F P AR

Wi RO p pease 00 E¥ gy LAk Ik ik e
(4 515N(%0)  813C(%s)  515N(%o)  813C(%0) 15N(%0) 513C(%0)
1 10/25/98 FA 12-14(18) 65 4.50 -23.95 3.29 -24.08 3.59 -24.05
2 10/29/98 MA 4-5 98 4.79 -23.15 4.53 -23.41 4.60 -23.35
3 10/31/98 MA 4-5 99 5.35 -20.14 5.74 -20.53 5.64 -20.43
4 11/02/98 MA 88 4.30 -23.01 4.59 -23.57 4.52 -23.43
5 11/27/98 MSA 2-3 69 4.83 -23.27 4.05 -23.58 4.34 -23.46
6 11/27/98 MSA 2-3 51 5.08 -23.00 3.27 -22.92 3.95 -22.95

*FA % £ & Eupfd > MA % 4 2 E 20 > MSA 4 7 & & 222
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# 6~2000 # > Hwang(2003)** 2 L F 7 PR QI £ D07 SR E B > 7RSS FTH 2T RS T
TEE >~ F P AR

W R m peaer TP r¥ gy FRIRSEE i <
(4" 515N(%0)  513C(%0) 815N(%o) 813C(%0)  S15N(%0)  513C(%o)
1 11/06/00 MA 7(11) 70 4.82 -23.05 3.97 -23.28 4.18 -23.22
2 11/07/00 MA 6(9) 90 5.46 -21.41 4.16 -22.29 4.49 -22.07
3 11/08/00 MA 11(15) 93 3.62 -23.09 3.62 -23.23 3.62 -23.20
4 11/09/00 MA 5-6(10) 78 4.26 -21.97 3.86 -23.69 3.96 -23.26
5 11/13/00 MA 5-6 63 4.31 -22.50 3.72 -23.35 3.87 -23.14
6 11/13/00 MA 5-6 84 4.24 -21.16 3.45 -22.24 3.65 -21.97
7 12/10/00 MSA 1-2 33 3.83 -23.76 3.75 -23.60 3.78 -23.66

*FA R Z 2 E g > MA Y & S E 22 > MSA % & Iy & & 224
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7. 7~2008 & 127 > p 7B FRaEY > - FELGT BN E S TER- L L R B EFH14 B2

LEf kL RIEE R F AR E R F 2 2 R §

FHleE et F eSS 2

KL/ CE S R L

S15N(%o)  813C(%0)  S15N(%o)  813C(%0)  S15N(%0)  813C(%o)

1 HT-T4-02 4.33 -22.28 2.98 -20.87 3.32 -21.22
2 HT-T4-02 6.17 -23.81 4.93 -23.39 5.24 -23.50
3 HT-T4-02 3.18 -23.69 2.86 -24.14 2.94 -24.03
4 HT-T4-01 4.65 -22.35 5.62 -23.34 5.38 -23.09
5 HT-T5-01 533 -21.47 4.78 -21.06 4.92 -21.16
6 HT-T4-03 6.70 -22.35 4.92 -22.44 5.37 -22.42
7 HT-Dimu 591 -24.23 4.34 -23.98 4.73 -24.04
8 HT-Dimu 4.40 -23.46 4.29 -23.62 4.32 -23.58
9 HT-T6-01 4.69 -23.98 2.02 -23.71 2.69 -23.78
10 HT-T6-01 5.05 -23.25 4.09 -23.27 433 -23.27
11 HT-T6-01 3.82 -23.94 2.96 -24.08 3.18 -24.05
12 HT-Sarvi 6.06 -21.56 4.86 -22.17 5.16 -22.02
13 HT-DnFall Up 6.97 -22.44 4.82 -22.11 5.36 -22.19
14 HT-DnFall Up 7.89 -20.95 6.56 -20.42 6.89 -20.55
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# 8 ~1998 ~ 2000 # ¥ &2 2008 & 12

JEE RN AL ERRETRE PR E
S15N (%o) 313C (%o)
FEF(E) n
means SD* Range means SD* Range
1998 6 4.44 0.70 3.59t0 5.64 -22.94 1.28 -20.43 to -24.05
2000 7 3.93 0.31 3.62 to 4.46 -22.93 0.65 -21.97 to -23.66
2008 14 4.56 1.18 3.18 to 6.89 -22.78 1.19 -20.55 to -24.05

*SD: standard deviation
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Ao arabrHab - mFH RS E Ty
%g,ﬁ%@ﬁ@ﬁk§@®°

1998 & 2000
R
BRE pun & ERE zua & %  uyE
[ERCTER-E 65 41 79 78 43 57
B4 16 4 35 59 21 22 57 43
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Z10~P AR B~ FHNT BB B F R EF A B PR AR A i AR Y LS
A % @4 > @ Naritaetal (2006a)5F7 5 # > § 304 4k A4 E B 3R AL o

8" N(%o) 8"C(%o0)
P (RREBSEE) oo et
means SD Range means SD Range

pAZR (B4 ) 21 1.9 1 0.4~4.1 -23.2 0.6 -21.9~-24.0 Nakashita, 2006
PR (KAL) 49 25 1.2 0.2~54 226 13 167241 Nakashita, 2006
P~ 2t (early summer) 5 3.5 0.4 227 04 Narita et al., 2006
p & 2t (late summer) 9 3.0 0.4 -22.8 0.3 Narita et al., 2006
p A2 i (autumn) 13 3.6 0.4 2227 0.7 Narita et al., 2006
1 s 33 11.5 1.8 -19.3 0.8 Fortin et al., 2007
£ R 17 60 2.9 216 14 Fortin et al., 2007
S 27 4.37 0.94 2.69~6.89 -22.85 1.06 -20.43~-24.05 *EE T
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21 ~2F7 b2 narEdn ?‘/E’”’ PAZ 8 R Lo

8" N(%o) 8"C(%o0)
CER-~ ) n TR kiR
means SD Range means SD Range
C3 {e 4~ 0 =27 Minagawa and Akazawa, 1998
1.0 -26.5 Minagawa, 2001
-3.2 2.2 -28 2.2 Miyama, 2005
18 -1.0 2.5 -4.1~4.7 -28.6 2.1 -32~-24,2 Nakashita, 2006
18 -1.85 1.54 -4.88~0.35 -29.47 228  -25.57~-33.28 Y
C4 {g 4~ 4 32 0.7 2.6~4,2 -11.0 0.2 -11.1~-10.6 Fortin et al., 2007
22 -12.08 *EE
R 4 292 1.84 0.9~4 -24.7 1.56  -22.7~-26.5 Nakashita, 2006
2 381 0.62 3.37~4.24 -25,54 0.49  -25.19~-25.89 Y
iRl 4 -26 Minagawa and Akazawa, 1998
5 -25 Minagawa, 2001
2 335 0.07 3.3~3.4 -26.75 035 -26.5~-27 Nakashita, 2006
3 219 1.54 1.11~3.95 -25.64 237 -22.97~-27.48 Y
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