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Habitat Use Predicted Model of Formosan Black Bear
(Ursus thibetanus formosanus)
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The contents of abstract in this thesis :

Habitat loss and fragmentation have become the primary issues for
conserving and managing large carnivores. Successful wildlife management
depends on understanding habitat requirement and predicting distribution of
these animals. Formosan black bears (Ursus thibetanus formosanus), the
endemic subspecies of Asiatic black bears in Taiwan, are listed as an
endangered species locally. The study objective was to collect occurrence
records of Formosan black bears throughout the island during 1990~2006,
and then integrate the ecological and environmental database to understand
the characteristics of bear habitat use. Moreover, the Logistic regression and
the Genetic algorithm for Rule-set Prediction (GARP) were also applied to
establish predictive models for the geographic distribution of this species.
I collected 589 bear locations, including 344 1*1 km grids, i.e., bear presence

grids. Compared with the study area (> 100 m in elevation but except for
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Taipei and Kaohsiung cities), bear presence grids in all seven environment
variables used, including elevation, slope, NDVI (Normalized Difference
Vegetation Index), shortest distance to river, natureness, road and road density,

showed significant differences (Mann-Whitney U test, p<<0.001). The result

also indicated bears showed specific preference toward these environment
variables (chi-square test, p<<0.001).

Formosan black bears preferred areas of elevations of 1000~3500 m,
but used areas <1000 m than expected. Within national forests, bears
preferred broad-leaved and coniferous mixed forests and coniferous forests
(39.79% vs. 29.41%), along with areas with Normalized Difference
Vegetation Index >0.4 (69.779%). They also preferred regions with slopes of
15~45 degree, distance to roads >2500 m, and distance > 2500m away from
rivers, but seemed to avoid areas close to rives (< 500m). Copying with
human disturbances, bears avoided areas with frequent human activity,
preferred areas with high natureness index of natural forests, and > 1 km

away from roads, but avoided areas of high road density, i.e., >3 m/ha.

Outside the mountainous national parks, there were significant
differences between bear presence grids and the study area for all the seven
environment variables used. However, within the mountainous national parks,
significant differences between bear presence grids and the study area only
occurred in slope, NDVI, and shortest distance to roads and rivers,
respectively. Bears showed a relatively higher level of habitat selectiveness
outside the national parks which generally with less management, than within
national parks, indicating that the critical impact of human disturbance on

habitat selection of Formosan black bears.
Due to biased bear absence data used in the logistic regression model,

the predictive distribution model extremely differed from empirical

observation of bears, and could hardly provide reasonable results.
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Alternatively, the GARP resulted in relatively high prediction accuracy
(sensitivity =0.893, Kappa=0.360). This model predicted that bears mainly
occurred along the Central Mountain Ranges, and few in the isolated Eastern
Coastal Mountain Range. By applying the cut-point of 0.525, the model also
indicated 9587 km® of potential bear habitat, i.e., 25.5 % of the Taiwan island,
and 45.34% was within national parks. This indicated the importance of
enhancing habitat management among areas outside the national parks for
preserving the small population of Formosan black bears throughout the

1sland.

The result indicated the decreasing geographic distribution of Formosan
black bears. Moreover, their habitat use is not only limited by food
abundance and related physical environmental factors, but also human
disturbance. The study suggests that in addition to improving the accuracy
of bear presence-absence data, types and locations of human activities,
especially illegal hunting, food abundance, and various road networks should
be incorporated into the distribution model of Formosan black bears for better

prediction.

Keywords: Ursus thibetanus formosanus, distribution, habitat selection,
environmental variables, logistic regression, Genetic Algorithm

for Rule-set Prediction, model
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( false negatives > underprediciton ) » 4= &7 *% F 5 d1 e FrIERIE S
A=

F1* sensitivity - Kappa i¥ 3 3% cdp #ic > H ¢ sensitivity = " 5 %
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M Z B B T B B
(D T) 11174814 100 3707 18624644 385 3678  280.23 k¥
WA (k) 16£10 0 61 2149 1 46 83.72 ek
ERCAErN S 0.44+0.11 0.00  0.65 0.44+0.08  0.15  0.64 5521
LR BTHIER (D °) 203241607 0 10050 2356+1615 0 8000 66.24
Ry 7.4242.76 1 10 9.04+1.77 3 10 168.19  *x
FRBA(D /) 9+18 0 226 347 0 65 66.24
i B BTRERE(S ) 213942774 0 16279 354442945 0 12369  108.61  **x

i S DT Ll A |
bMann-WhitneyUtesﬁ% Z_0 *p<0.05> **p<0.01 > ***p<0.001
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% (0=24260) 7 it %4 (n=344) Pvalue (#& % vs.F fits) ®
I, 7 A I, 7 A )
(i;gps;) (ii%g 0 P (jqf;g;;) (iig@ ) P FRSER AR
1*1 km #4228 (n) 2505 21755 156 188
BA(S R 21534665 998+742 k¥ 1931716 1805+575  0.268 0.78 ok
R (R) 23+10 15+10 ok 22.749.3 18.948.4 k¥ ok ok
[EREAE RS 0.42+0.08 0.39+0.10  *** 0.41+0.08 0.46£0.07  *** ** kk
HLIE IR BT REH( D ) 2247+1727 20071590 22611604 24351625  0.30 * Hokk
pARRAIE 9.73+0.98 7154277 kEx 9.67+1.07 9.22+1.71 * 0.09 **
FRBR(D L/20E) 1.37+4.6 9.94+18.4 k¥ 1.545.1 3.247.0 * 0.68 ok
L B BGTEER (2 %) 411443213 191142626 *** 40912769 30913017  ** ** ok

*Mann-Whitney U test{& %_> * p<0.05 > **p<0.01 » *** p<0.001



%6 F Lt (n=344)8 & Lt (n=499) T e TR B k2 £ B

I N L | N a
s E P
f " " Chi-test® P value®
(Tl E)  (THepEi)

A (2 R) 1862+644 1715+854 8.199 *
#HE (R) 2149 18+9 13.077 HRHRE
4 :f;] %= 0.44+0.08 0.454+0.09 2.154 0.142
Il R AT 2356+1615 1743+ 1383 25.825 *ERE
FEH (= %)
p R fia‘% = 9.04+1.77 9.424+1.47 11.168 **
FERR 347 246 0.077 0.782
(2 2 /2F)
B B BT 354442945 3363+3052 1.37 0.242

FEAE (2 %)

R S E IR b A 1
® Mann-Whitney U test & %_> * p<0.05 »
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* stepwise logistic regression i {7 T =t I p] » #7iE = 2 B iR TT? RN T

Z2H R % 7
S BE . BB (7 AR50 i Kappa Sensitivit

FRE SR P T Y
L0l 619 224 Y=(-1.4998) + 0.0215*1. & + 0.00307* ;% & 1T FEHE 2 <0.1 0.8367
L02 615 228 Y=(-1.4206) + 0.0219*8. & + 0.00306* Zr ;% /i & 1T FEHE 2 <0.1 0.8478
L03 Y=(-2.8570) + 0.0303*1L & +0.1428%p R & #fa 1% +0.000246* 4
576 267 3 <0.1 0.7815
i BT BEAE

L04 571 272 Y=(-1.3284) + 0.0212*sL & + 0.000276* 3, %/~ $ 1T FE4E 2 0.1 0.9909

Y=(-0.7195) + (-2.2122) *£. % 35 #% +0.0300%1 & +0.000352* 4%
LO5 540 283 3 <0.1 0.7797
E B TR
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28 AR AR B R RN BTIERE - p R AL R R F AR EIGTIERE - BREE T 1)
PRAFFREFEFZ A BRFEE 0 TE 2 IE R

Ry

i TG R F]

% 7
T[}: ﬂ';;

Kappa

Sensitivity

GO1

G02

GO03

B R A BRI BTSRRI B REGTIRE R R
B

AR ER S fE2 3R B R AR BRI R TIER C ERBA

AR AR P RERRE ER B BE R TIER

7

0.360

0.307

0.347

0.893

0.880

0.873




% 9~ 3 o (n=344)2 3Rt ¢ NI (0=9587) AT TR B B 1

L R § g Chi-test® P value”
(EF=00 0 ) (L3R 1

A(2 ) 1862+644 1710+607.28 19.937 ok
HER) 2149 21+8 2.228 0.136
2 4 0.44+0.08 0.44+0.08 0.187 0.665
fg\%?ﬁ&m&% 2356+1615 2193+1514 2.260 0.133
Bk R 9.04+1.77 10.0+0.0 1512.998 ok
E‘Eﬁ 7? ) 347 1.02+4 25.938 ok
B B BT BEAR 354442945 3459+2585 0.062 0.803
(=%)

RS E A N R ol A |
bMann-Whitney Utest #& T_° *p<0.05>

% p <0.01 » *%* p < 0.001
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