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ABSTRACT

Keywords: water buffalo, spatial distribution, unmanned aerial vehicle, auto-camera, landscape

change

Prior to the establishment of Yangmingshan National Park, the area had a long history of
free-ranging cattle. Then considered escaped domestic livestock, feral cloven-hoofed species
with unknown conditions exist in the area today. These species consist of water buffalo, sambar
deer and wild boars, all residing in different habitats. Feral water buffalo usually stay in small
and continuous patches of grassland, whereas the sambar deer and wild boar prefer forest. A
comprehensive survey with the objective to understand the overall condition and status of the
feral species in the park is necessary to avoid negatively impacting the ecosystem of the national
park as well as to set up management goals in collaboration with a management plan.

The unmanned aerial vehicle (UAV) is used to survey the population size and spatial
distribution of feral water buffalo in grassland, and automatically-triggered cameras are used to
understand their behavior in forests.  The automatically-triggered cameras are also used to
conduct surveys of the general forest-dwelling feral population. To understand the impact of the
feral species, serial orthophotos are interpreted and land-use types are categorized into habitat
patches.

The results show that there are 3 feral water buffalo populations co-existing in three areas-
the Qingtiangang population of 29, the Cuicui Valley population of 16, and the Shitiling
population of 19. The three feral water buffalo populations do not have regular exchange
individually but do have newborn cattle every year. Sambar deer, on the other hand, are widely
distributed but prefer specific habitats. Wild boars in the area are commonly distributed and have
a stable population density. From observations made on adult and young boars in the park
based off of their body shape and pattern, they may have descended from mini pet pigs or
hybrids that had escaped captivity. Landscape indices indicate no major impact to vegetation nor

conflicts with tourists.
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Whm BT EFFPN A FFEFRBER > FTE AW P %E V2 50
SRy R Rt 0 2 g A # 2 B B 4 (Hodgson et al. 2013, Vas et al.
2015, Goebel et al. 2015) ~ {7 & 2 L £ # 7 (Evans et al. 2015) » *%»# 4 L ¥~ 3
(Mulero-Pazmany et al. 2015) ~ #+k4 &+ 7 (Inoue et al. 2014, Zahawi et al. 2015) ;
FaFHFG T LR A R BFR = sy F (Schiffman 2014) -

dONEARHELE AAEOREESE > (LSBT ER) $99-90F % - R
"EARERELT 2 TESE A BT R )R LEET B )RR Y

$99-12iF %z AT THT BB R IR NEE XA EF N

Tim1 Eaf fanit ¥ ey 7 EAZE T TR o T b 404 (RN H L B
HisFe ¥ B 6% mERL 2HFMF ) $22 TAsfEasgdy wBu s
DB fw hE R0 L E D FAE Y e S RAEN 2602 e tE W 3402 AN 2w
BRI FEFAT 2600 P F AR F G B 28 - 1%
i FERERE ARSI FLBRT o B LR RO BT AL F B EFR P > Ak
FAURT (F6) » 2P B TR A ARl MEOFLEFE S £
FURL T A Audp MR TR A o e
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B LR RS BRI R G b 2 5y IR

TAR L EREAANBY L F AT AERHIREREFETRE TR
FOREFHEEALATAL AP TR EEFNLLERREFES  KEF A
1 & %4 (Hodgson et al. 2013, Evans et al. 2015, Goebel et al. 2015) 74 & & 3% > 4|

FEZREVRTRELS CEBRAIRTIHNAAT AR o BUAVAZ D 2R R 0 T
LR RMETARSMEFIOF FITFRGGHEE L OTERPRRFLF AL

)

=)

23, f R EF&ERERR F P N AR P EAEFRLS B E2-350n5 P 4 &

LTSRS PR LS SN At ES U ERR G o T

d SPUAVHE SR R i i 2 8, > X3 3407 @ ~ B h M EFFAIEZEFD
ﬁ’*Lﬁﬂﬁbﬁ;1?ﬂ4wﬁ?“WWﬂﬁm”&’%% st a
TR 2 UAVAR IR 32 ~ § P JoR B B E 2 TR R A Lo A1 (TR

TP R IR GKRRERET e ZUAV -

& # : PHANTOM 3 ADVANCED
4t Eg 1 FOV 94° 20 mm (35 mm $&5¢ % »%) /2.8
*Hﬂ%hﬁﬁ‘ai
2 F 123 w+t CMOS (2.7K %778 1%& 1200 § %z # LR ¥)
B FAR 15m/s
B TR R C3m/s
Aok T HEFER 16 m/s (ATTI #5587, 3T 6 'fiT& b 1)
B HFAEAFA 6000m
VAR 23~ 4

£ n
e v ) . |
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#f * MAVIC PRO

4 Ep 1 FOV 78.8° 28 mm (35 mm ;% &5z ) /2.2
¥EFEHE05mM I & EiE

%7 1123 ¥4 CMOS (4K B # 4 $.& 1200 ¥ ik # i F )
Bx AR I 5m/s (GEH Y

Bx TR D 3m/s

BAKT @R D18m/s (EHHGY > T g FiTE R TRB)
B FARE A 5000 m

VAT 927 4

24 1 4= INSPIRE 1 V2.0

£ Ep © FOV 94° 20mm (35mm #2358 % 22) /2.8 ; ¥ & 2L & 5 1%
9= 9% (7 2% Jﬁ&‘éi-v‘i)

% 7 : SONY EXMOR 1/2.3" (4K % 745+ 1%& 1200 § % # L B8 &

ﬁx« FHGR AR S 5mis

B TERAE L 4AmS

BACKT EFER 22mis (ATTI #5857, % T 6 it & b R E)

B HFAARFAE 4500 m

BEER G 18 445

e
w@a

18

+)



B LR RS BI04 6 R Y TR

4 ¢ ¥ INSPIRE 1 PRO - X5

4xEg  FOV 74° 15mm (% »z 35mm #25;% : 30mm) /1.7
é"c’ﬂL,’@'E&Eé{&O.Zmié@E‘am

729 % (3 3% —Iﬁ\i%*ﬁ)

U 4/3 # -~ CMOS (4K % 744 & 1600 § i3 % # LB +)
B FHER 5m/s

Bx TR 1 4m/s

BAokT R 18 m/s (ATTI #5587, 3 T 6 'fiT& b TR 1)
B HEFAERE AR 4500 m

BEEFER 915 24
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SHARFHEEA N > R B A TRE LFAL PRI R A R
TR hELAREZAE -

PRRAPB DTS IT ) L& ¢ M e F R Y2 NIRAE AR (Chiang 2007
Chiangetal. 2012) - B0 A » A7 BRPF 5 - FEAREE > P AZPFR
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E RO RAp R A 224 )P F BREE GG R Y Rl BT UEP X AR 4

AR o K - PERER R T 2R

‘ﬁ? Bé’:-ﬁ;/'é'f'";%_: (“ %L;'f;é_é’_-ﬁ— Hé’:-ﬁ;s"ﬁ pEd= %ﬁ{&/;z*ﬁfﬁ&g&—ﬁ »e 114:%:) *100%
$kB R T ESLB PN LY Bl RAR S 1 kR B B R

TR R B AR e A R B TR LR LB R R

Pl ook dre FAAREE PN F2E 0 2R B F L BMILRLIE B g o

G e RF) 5 A RRELHAG S > B Faie ¥ D e R > T uE

20

?\\i'



B LR RO FIR S BEGRFD 82 S8 F 2

i H 537@_@%4‘5"1']‘%]}\@% ey TREIIF B - FARLFLIE R F L
£4 okl b o B AR IUAE R BT ) 2 S E

Ol= (- & tei%fh Bei} s B & He/3Z R BEen/d 1 (e i dic) *1000 /|- p&

DR ABRE - REREr RSO R Py MELSEE AU R
HELH-poRpWTIBIERAT LIS B HApHE § R - B4y % (Carbone etal.
2001, O'Brien et al. 2003 ; Rovero and Marshall 2009 ) - g p @ ¥ 2 5 OliE & %
RenG ¥ o B2 ROIEDR K RFHPF AT ARE AR > 2 > TES A 8lF S

~=

Fry ek o BT OIES B ¥ B fpthd B3 AP M o AR R
B AL A ot @ 5LenCPUE( Capture Per Unit Effort= ¥ =% 4 £ 2 # & & #c)
tBEOIEF ™ % i H eps B % (Ol=0.16 CPUE +0.46 ; r2=0.67) % %57 (%I

% 2003) c = R FHRE VKR T S Bon o BhE el (= H =R
H o fp R fpoEial) #OIE 2 "R R omprphl (r2=0.83; B~ i=
2005) ° F]gt o OlE Gl — 3 fils T i B o SUBZ A E R eh o Flo - A
TOOEFERRARF S o g BRAPK K SR 8 € RiEe §A%E o

A3 TEFR R R AR ﬁ%ﬂ%ﬂﬁ E B Rk URAN VRS CRLEL R SRR N A

FUH SR PHR2 A REBN LR RS ARER T FERT RS AR
R A Y8005 FF M 2 R ABNARRERE > AR BTGB
GopEf A o R b R B R 0 pEBLH P e Ap Mg R (930-50cm ) ZE K
MI0~20R P ™ > R TR 5 ARPRIT 2 5 o pRBAPPB A F - T {HTH T
P RTETr LEET R AT R G AREHE R E BT (e
ABARFRE-BETNE) o
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2017/5/3
13:34 | in& 16 16
2017/5/19 | 11:30 | i 0 0
10:00 | 54 10 16
2017/5/22
14:12 | in4 0 0
2017/7/2 | 12:00 | is % 10 10
2017/3/3 | 10:35 | % 45 0 0
2017/3/22 | 11:36 | % 4p 0 0
2017/3/28 | 10:45 | % 4p 18 18
2017/3/29 | 15:25 | % 4p 9 9
2017/4/14 | 12:34 | %34 7 7
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BR LR R FIFRSCRERSAD AR O E mE

26 B LR RSFHHD L L

B F v L g [ [
%L R + # & Macaca cyclopis I
# 35 ¥ + 4™ 4. Lepus sinensis formosanus
ri o > B # "L > &l Callosciurus erythraeus

& ] & Niviventer coxingi
2. B Bandicota indica
A . Melogale mosch
F # R su%ggfaitiagzc e
B v # .~  Paguma larvata taivana 1]
B4 %~ Viverricula indica pallida I
o ¥ 7.7 7.7 Manis pentadactyla pentadactyla Il
% Fi 7 L Sus scrofa
i} NS Muntiacus reevesi micrurus 11
49 Cervus unicolor swinhoei
2 k£ Bubalus bubalis
FgA5 2 ™ Bambusicola thoracica

7 7 3¢ Arborophila crudigularis

YT T N A B b IS F A A
SRR D

(F % i -
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ENIE B BTN TRy
27 BRPLFRFECBED AR APEHEEE L AR
ID M1 fepE e kR LR e 76 #c
BL1  1463.17 0.00 0.00 0.00 0
BL2  1800.50 0.00 0.00 3.89 1
HL1 132853 0.00 0.00 0.75 1
HL2  2003.68 0.00 0.00 0.50 1
LIK1  5042.66 0.00 0.00 6.54 1
ZZ1  5183.92 0.00 0.00 0.00 0
z72  1670.77 0.00 0.00 0.00 0
DT1  4388.68 0.00 0.00 1.60 1
DT2  5923.11 0.00 0.00 0.34 1
DT4  3146.17 0.00 0.00 3.18 1
DT5  1587.01 0.00 0.00 6.93 1
XT1  1187.73 0.00 0.00 0.84 1
XT2 ~ 655.33 0.00 0.00 0.00 0
XT3  1060.65 0.00 0.00 1.89 1
HzZ1  8597.63 1.05 0.93 0.93 3
Hz2  1095.92 0.00 0.00 0.00 0
Hz3  3704.47 351 0.00 0.27 2
Hz4  4690.15 0.64 0.00 3.20 2
Hz6  1090.33 0.00 4.59 2.75 2
Hz7  138.90 0.00 0.00 0.00 0
LJ1  9276.45 0.00 0.86 2.05 2
LJ2 413837 0.00 0.97 1.21 2
LJ3 256.60 0.00 7.79 7.79 2
LJ4  2846.60 0.00 13.00  24.94 2
FG1  2650.13 5.66 0.00 0.38 2
FG2. 841980  11.28 0.00 0.95 2
FG4  4480.75 2.23 0.89 0.45 3
FG5  3866.17 4.40 0.00 5.95 2
FS1  1837.96 0.00 2.72 0.00 2
A 7080.00 0.00 0.00 1.27 1
B 8232.00 0.00 0.00 1.94 1
C 2760.00 0.00 0.00 1.09 1
Dr 5928.00 0.00 0.00 6.58 1
Er 5400.00 0.00 0.00 3.15 1
F 3816.00 0.00 0.00 1.05 1
G 5808.00 0.00 0.00 0.17 1
H 696.00 0.00 0.00 0.00 0
| 4392.00 0.00 0.00 0.46 1
J 576.00 0.00 0.00 0.00 0
K 2328.00 0.00 0.00 1.72 1
L 2040.00 0.00 0.00 0.49 1
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B LR B R (RS 6 R

AT BPLRAFORHECRHPFAERDA L EET LR F(HE)

M 5856.00 0.00 0.00 0.85
2376.00 0.00 0.00 0.84
3984.00 0.00 0.00 0.00
7360.86 0.00 0.00 0.00
8059.70 0.00 0.00 0.37
10099.43  0.00 0.20 0.00
2352.00 0.00 0.00 2.13
9812.25 0.00 0.00 0.10
6308.40 0.00 0.00 0.48
10246.93  0.00 0.00 1.66
9156.53 0.00 0.22 0.76
8780.98 0.00 0.00 0.23
1056.00 0.00 0.00 0.00
11425.62 0.00 0.00 0.35
10203.58  0.00 0.00 0.29
11883.01 0.00 0.00 0.93
AC 5532.25 0.00 0.00 0.00
AD 8090.69 0.00 0.00 0.00
AF 798.11 0.00 0.00 1.25
AG 4560.71 0.00 0.00 0.00
AH 2520.02 0.00 0.00 0.79
Al 2520.01 0.00 0.40 0.79
AJ 4559.15 0.00 0.00 0.00
AK 2076.96 0.00 0.00 0.00
AM 4037.33 0.00 0.00 0.00
AN 1471.82 0.00 0.00 1.36

SEN<KXSE<CHNWDTOTOZ

POOONRFPROROORRPRRORNRPRPRLRRRPLPLRLROORLR

L a0l & 0.43 0.49 1.62
DI R 7 11 49
DIHE B 10.45 16.42 73.13

(FALRIR - kG v gdedk )

37



Frd W RBEEEN AL

+AD ‘
% X N
F_l_l | | Meters
/\%ﬂ 0 1,250 2,500 3,750 5,000
. palB
auQ. o
T B[ZR S //
Y v > &
B ) ,
S, LIKIW i
/ \
e 2
‘{” “HLL o 7
" HE e 61 "MK Jeos
R Sl L o #iib 7
of\':‘\> (.r—"' \\ ’ A"‘d%? \'(‘3;\ J%} ‘,J'
: U e i
Ae N \? - R} \\/\" A
N - EDr - ; == AL H A :AJ
x13 Lo fl AN AR LU [EX] = Zﬁ
) v RUERAE S
' N -, o HZ% 3 " jp
_ZZZDTS S A@aH Al
) ok 0‘1 Fs1 FIEEEER
1 5
‘l.’-«? 762 7J<E
AM_} 0 e K
]
. @
\ =
‘\ P O ® =]
. g 4
gibﬁi
{ o X
/
< 7 ® b
-\l\
/‘;"" ® =
14 BPLRRSFwH A LR ERAPHEFE LT ERE-E

38



BA LR RS TR B A A2 S8 F BEH
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# A5 % AL Lepus sinensis formosanus
P o > B ok B o= Callosciurus erythraeus
& p P &g Melogale moschata subaurantiaca
& /;srzﬁ Ve Viverricula indica taivana I
v Paguma larvata taivana I
e & Felis catus
* X Canis familiaris
e F.Le 7L Manis pentadactyla Il
8§ e L Sus scrofa
A NRES Muntiacus reevesi micrurus il
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= k& Bubalus bubalus
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Y02 3861.33 0.26 1.81 0.00 0.78 259 0.78 0.00 1.04 0.00 1.04 4429 181 52.05 0.00 10
Y03 1329.47  0.00 0.00 0.00 0.00 0.00 0.00 1.50 27.83 0.00 0.00 0.00 0.00 40.62 0.00 3
Y04 2494.13 1.20 3.61 0.40 0.00 0.00 0.00 0.00 1.60 0.00 241 238.96 22.05 7.62 0.00 8
Y05 1318.57  0.00 7.58 0.76 0.76 3.79 0.00 0.00 12.89 0.00 0.00 3792 0.00 17.44 0.76 8
Y06 174150 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00 0.00 5.17 0.00 33.30 0.00 2
Y07 2373.43  0.00 0.00 0.00 1.26 2.53 042 0.00 3.37 0.42 0.00 118.82 0.00 0.00 0.00 6
Y08 1173.23 5.11 0.00 0.00 0.00 0.00  0.00 0.00 30.68 0.00 0.00 1.70 0.00 9.38 0.00 4
Y09 2323.13 0.43 0.00 129 043 0.00 0.00 0.00 0.00 0.00 0.00 4993 0.00 0.00 0.00 4
Y10 858.43 1.16 0.00 0.00 0.00 0.00 .0.00 0.00 0.00 0.00 4.66 6.99 0.00 0.00 0.00 3
Y11 1012.40 7.90 0.00 0.00 099 0.00 0.00 0.00 0.00 0.00 3.95 099 8.89 0.00 0.00 5
Y12 98257 0.00 4.07 0.00 3.05 5.09 0.00 0.00 2.04 0.00 3.05 58.01 9.16 12.21 0.00 8
Y13 507.25 0.00 0.00 0.00 000 0.00 0.00 0.00 197 0.00 0.00 0.00 0.00 0.00 0.00 1
T30l & 1.26 131 0.19 056 139 0.09 0.12 6.34 0.03 1.24 48.81 3.64 13.54 0.06
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