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Abstract

The National Nature Park is located on the west side of Kaoshiung City, offering
habitat for wild mammals such as Reeve's muntjac (Muntiacus reevesi), Formosan
macaque (Macaca cyclopis), ferret badger (Melogale moschata), and gem-faced palm
civet (Paguma larvata). However, free-roaming dogs (Canis familiaris) also occur in
the park and threaten wild mammals. The conflict between dogs and wildlife is
against one of the goals and objectives of the National Nature Park, i.e. conserving the
important ecosystem. Since 2018, the administrators applied a Trap, Neuter,
Vaccination, and Return (TNVR) method to control the population size of dogs. Now,
this method has been implemented for several years. An evaluation of the
effectiveness of this management action is essential. In addition, an estimation of the
present population status of dogs and muntjacs, as well as cats and other wild
mammals is also required. By comparing with the previous surveys in 2014 and 2018,
we would reveal the long-term changes of population status.

The study area included Shoushan, Banpingshan, Gueishan, and Qihoushan. The
following items were accomplished.

1. We carried out a camera trap survey for the relative abundance and distribution
of dogs, cats, and wild mammals. The 59 traps in Shoushan totally operated for
243,499 h. The occurrence indices were 17.4 + 31.9 (mean+SD) for dogs, 0.4 £ 0.9
for cats, 2.4 + 3.3 for Reeves's muntjacs, 16.7 + 16.7 for Formosan macaques, 2.9 +
3.7 for gem-faced palm civet, and 1.4 + 2.6 for ferret badger. Free-roaming dogs and
cats also occurred in Banpingshan, Gueishan, and Qihoushan, but Reeves's muntjacs
did not. Moreover, Formosan macaques, gem-faced palm civets, and ferret badgers
were observed in Banpingshan. The former two species were observed in Gueishan.
No wild mammals occurred in Qihoushan.

By comparing the data of 2018, we found that the relative abundance of free-
roaming dogs decreased by 35.4% (but not statistically significant), and that of
Reeves's muntjacs significantly decreased by 92.6%. The activity of dogs overlapped
spatially and temporally with wild mammals, leading to serious threats. The muntjacs
are facing a risk of local extinction. Therefore, we suggest that actions to reduce dog
population size must be accelerated.

2. We used occupancy modeling to estimate the occurrence of wild mammals. The
results suggested that Formosan macaques had a widespread distribution, not being
influenced by any environmental factor. For muntjacs, gem-faced palm civets, and



ferret badgers, the probability of occurrence was negatively correlated with the
relative abundance of dogs.

3. We estimated the density of free-roaming dogs in Shoushan as 45.1-86.7 no./km?
and 44.3-47.8 no./km? (95% confidence interval) by using a random encounter
modeling and a Camera Trap Distance Sampling method, respectively. By the latter
method, we estimated the density of muntjacs as 5.4-6.8 no./ km?, indicating a
population size of 50-63.

4. In Shoushan, we carried out a line survey with a frequency of 2 times per month
during a 1-year period. In the Shoushan east line and south line, we totally recorded
94 and 215 dog individuals with 78.8% and 89.5% sterilization rates for females,
respectively. During the 1-year period, only one pup was observed.

In Banpingshan, Gueishan, and Qihoushan, we conducted two population
censuses for free-roaming dogs in April-June of 2021 and 2022. The population size
of Banpingshan was 72 and 77 with 37.1% and 74.3% sterilization rates for females,
respectively. The population size of Gueishan was 5 and 8 with 100% and 3.3%
sterilization rates for females, respectively. The population size of Qihoushan was 11
and 12, respectively, with a 100% sterilization rate for females. The proportions of
individuals that stayed from the first census to the next were 50.0%, 0%, and 63.6% in
the three areas, respectively.

Factors to influence population size include birth, death, immigration, and emigration.
The TNVR method effectively prevented the birth of pups at Shoushan, but not at
Banpingshan. However, the unceasing immigration resulted in population control
being ineffective.

5.  We applied a population viability analysis with life history parameters to simulate
the population size of free-roaming dogs in the future 20 years. The results suggested
that in the best scenario, i.e. 85% female sterilization rate and zero immigration, it
will take more than 10 years to eliminate the population. The effect of population
control by TNVR method would become invalid as long as immigration occurs (real-
world scenario) or the sterilization rate drops. We suggest that a dog removal action
should be conducted to decrease the population effectively and efficiently.

6. We recorded the location and general situation of dog/cat feeding sites. There
were 7, 19, 11, and 4 feeding sites observed at Shoushan east line, Shoushan south
line, Banpingshan, and Gueishan, respectively. Most sites were located at the foot of
hills and close to roads. Food types included dry feed, meats, and kitchen waste,
constituting a messy environment. We suggest the administrators prohibit feeding,
educate the feeders, and clean up the environment.
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7. To study the space use of free-roaming dogs, we tracked 3 dogs with GPS collars.
The mean movement speed was 2.165 km/day. The home range sizes were 74.6 ~
85.2 ~ 2.5 ha, respectively. There were 94.2% ~ 100% ~ 0% of fixes located in natural
environments. By their large coverage of the natural environment of Shoushan, we
suggest wild mammals were under dog threat in the whole Shoushan, no shelter was
available.

8. We created an online club on Facebook to receive notifications of dog attack
cases from people. We promote the club both in situ and online, and a total of 208
people joined. The club ceased operation in May 2022. No dog attack case was
received during its operation. We then collected dog attack cases in National Natural
Park during 2013-2022. A total of 41 muntjacs were attacked by dogs. However, only
3 cases happen in 2020-2022, which is indirect evidence to prove the serious
reduction of muntjacs.

9. According to our study, we suggest 1. dog feeding should be controlled and
prohibited; 2. the high sterilization rate of Shoushan should be maintained and
expanded to the neighboring areas; 3. immigration of dogs should be monitored and
prevented; 4. a dog removal action should be launched.
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AR R REFARD BRG0G0 T ki - B3R HE G
Hi#cg T EBELSF DT o B A (survey period)” F e8-3% 45 M0 PR
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Lie- HIER R A REESOA KR ABE 5 AP R * Vortex 10.5.580 8
(Lacy and Pollak 2021) » /e 3" ot £ B AP 78 7 Fenfinin™ » 23 E
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A2 1,048 0 0 5 6 9 5 0 2 0
A3 3767 13 2 6 85 8 23 27 0 0
A4 4338 43 3 11 28 4 3 15 0 0
A5 5179 14 1 2 37 9 0 1 0 0
Bl 4341 26 0 13 1 6 0 19 4
B2 5228 11 0 2 32 1 2 3 2 0
B3 3769 181 9 15 100 11 1 2 0 0
B4 3770 62 1 45 147 10 20 15 11 0
B5 4124 14 0 9 25 11 29 0 0 0
B6 4343 41 0 20 125 1 0 1 3
B7 3443 40 0 10 191 10 1 2 0
B8 6322 1 1 0 23 51 1 0 0
c1 3719 35 0 48 57 3 0 13 18 0
c2 3769 71 1 13 201 4 1 25 0 0
C3 3772 42 0 41 114 7 17 25 0 0
C4 5047 7 0 4 99 6 0 0 0 0
C5 4280 17 0 5 54 11 9 5 1 0
C6 3,106 24 0 44 10 16 2 0 1 0
C7 4548 5 0 11 50 15 0 19 1 0
C8 3,766 0 1 39 1 0 1 0 0
co 2012 57 0 4 25 0 0 0 0 0
D4 4291 35 1 2 31 24 3 3 2 0
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D6 3,508 41 1 12 54 13 1 0 4 0
D7 3,645 26 0 0 56 0 0 0 0 0
D8 6305 18 0 7 30 12 0 4 7 0
D11 2,720 366 12 0 17 1 0 4 0 0
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A'S5 2,116 4 0 11 6 23 11 2 0 0
A6 4,820 1 0 1 3 2 6 3 2 0
A'8 4873 14 0 26 303 13 0 2 0 0
B2 2,628 11 0 12 64 23 0 3 7 0
B'3 4,756 8 0 9 117 18 3 4 0 0
B'4 5,272 10 0 1 17 29 50 2 1 0
B'S 5,268 29 0 16 41 11 0 6 2 1
B'7 2,921 22 0 0 1 1 2 0
B'8 2,251 6 0 1 4 1 0 5 0
C2 3052 0 0 1 54 0 0 0 1 0
C3 2636 113 0 6 37 58 29 2 1 0
C'4 5280 14 0 3 37 0 7 2 1
C'5 3,615 37 3 0 32 2 0 0 0 0
C'6 4,860 37 0 4 195 18 7 1 6 0
C'7 4,790 6 0 2 76 1 0 1 2 0
C'8 4,793 82 1 14 106 14 0 3 0 1
C9 4,438 6 0 0 45 2 39 1 0
C'10 4,413 3 0 1 19 4 1 7 3 1
D'4 4,758 290 2 39 58 43 18 9 7 1
D'5 2,507 265 5 13 198 0 0 1 0 1
D'8 4,357 29 0 0 209 17 0 4 1 0
D'9 2,186 32 4 1 27 17 0 23 0 1
D'10 4,800 23 10 0 29 7 37 7 1 0
DIl 4777 216 2 0 25 6 0 2 1 0
E'10 4,615 521 3 0 4 0 6 13 0 0
7'4 4,821 20 0 3 26 8 0 3 2 0
7'5 3,980 42 0 15 49 2 0 0 0 0
B3 124,049 1900 30 205 2048 404 197 150 48 7
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%0352021-2022 # F LT f BRI B 0 & PR IR (T 35 5F 1,000 )
P25 2R 5 k) o

e o e

S T i’:‘g‘ s ho i *é*“ RAF (@ 5%
)8
A2 0 0 4.8 5.7 8.6 4.8 0 1.9 0
A3 3.5 0.5 1.6 22.6 2.1 6.1 7.2 0 0
A4 9.9 0.7 2.5 6.5 0.9 0.7 3.5 0 0
Ab 2.7 0.2 0.4 7.1 1.7 0 0.2 0 0
Bl 6.0 1.2 3.0 0.2 1.4 0 4.4 0.9
B2 2.1 0.4 6.1 0.2 0.4 0.6 0.4 0
B3 48.0 2.4 4.0 26.5 2.9 0.3 0.5 0 0
B4 16.4 0.3 11.9 39.0 2.7 5.3 4.0 2.9 0
B5 3.4 2.2 6.1 2.7 7.0 0 0 0
B6 9.4 4.6 28.8 0.2 0 0.9 0.2 0.7
B7 11.6 2.9 55.5 2.9 0.3 0 0.6 0
B8 0.2 0.2 0 3.6 8.1 0.2 0.2 0 0
C1 9.4 0 12.9 15.3 0.8 0 3.5 4.8 0
C2 18.8 0.3 3.4 53.3 1.1 0.3 6.6 0 0
C3 11.1 0 10.9 30.2 1.9 4.5 6.6 0 0
C4 1.4 0 0.8 19.6 1.2 0 0 0 0
C5 4.0 0 1.2 12.6 2.6 2.1 1.2 0.2 0
C6 7.7 0 14.2 3.2 5.2 0.6 0 0.3 0
C7 1.1 0 2.4 11.0 3.3 4.2 0.2 0
C8 0.5 0 0.3 10.4 0.3 0.3 0 0
C9 28.3 0 2.0 12.4 0 0 0 0
D4 8.2 0.2 0.5 7.2 5.6 0.7 0.7 0.5 0
D5 5.4 0.6 0 38.3 0 0 1.2 0.4 0
D6 11.7 0.3 3.4 154 3.7 0.3 0 1.1 0
D7 7.1 0 154 0 0 0
D8 2.9 1.1 4.8 1.9 0.6 1.1 0
D11 134.5 4.4 0 6.2 0.4 1.5 0 0
E9 142.9 0.2 0 11.5 0 04 2.7 0.6 0
E10 31.1 3.6 1.1 1.9 2.9 0.6 4.8 0.2 0
A2 0 0 0.8 11.0 3.5 0.2 0.6 0.2 0
A'3 3.1 0 0 13.7 1.0 04 0 0 0
A'4 9.1 0 4.6 29.8 8.9 4.6 04 0 0
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A'5 1.9 0 5.2 2.8 10.9 52 0.9 0 0
A'6 0.2 0 0.2 0.6 04 1.2 0.6 04 0
A'8 2.9 0 53 62.2 2.7 0 04 0 0
B2 4.2 0 4.6 24.3 8.8 0 1.1 2.7 0
B'3 1.7 0 1.9 24.6 3.8 0.6 0.8 0 0
B'4 1.9 0 0.2 3.2 5.5 9.5 04 0.2 0
B'S 5.5 0 3.0 7.8 2.1 0 1.1 04 0.2
B'7 7.5 0 0 14 2.1 0.3 0.3 0.7 0
B’8 2.7 0 04 1.8 1.8 04 0 2.2 0
C2 0 0 0.3 17.7 0 0 0 0.3 0
C'3 42.9 0 2.3 14.0 22.0 11.0 0.8 04 0
C'4 2.7 0 0.6 7.0 1.1 0 1.3 04 0.2
C'5 10.2 0.8 0 8.9 0.6 0 0 0 0
C'6 7.6 0 0.8 40.1 3.7 14 0.2 1.2 0
Cc'7 1.3 0 04 15.9 0.2 0 0.2 04 0
C'8 17.1 0.2 2.9 22.1 2.9 0 0.6 0 0.2
C'9 14 0 0 10.1 1.6 0.5 8.8 0.2 0
C'10 0.7 0 0.2 4.3 0.9 0.2 1.6 0.7 0.2
D4 60.9 04 8.2 12.2 9.0 3.8 1.9 1.5 0.2
D'5 105.7 2.0 52 79.0 0 0 04 0 04
D'8 6.7 0 0 48.0 39 0 0.9 0.2 0
D'9 14.6 1.8 0.5 12.3 7.8 0 10.5 0 0.5
D'10 4.8 2.1 0 6.0 1.5 7.7 1.5 0.2 0
D11 45.2 04 0 52 1.3 0 04 0.2 0
E'10 112.9 0.7 0 0.9 0 1.3 2.8 0 0
7'4 4.1 0 0.6 5.4 1.7 0 0.6 04 0
Z'5 10.6 0 3.8 12.3 0.5 0 0 0 0
T 17.4 04 2.4 16.7 2.9 14 1.5 0.6 0.1
wEZL 319 0.9 3.3 16.7 3.7 2.6 2.3 1.0 0.2
Pk 6.0 0 1.1 11.5 1.9 0.3 0.6 0.2 0

TR ARG B A B
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% 4-~2021-2022 & X A

AP L S ERS L R AP S o L AR T

> 5k B o
TR e wxe PR e e T am ae
e ¥ &
L /L BPL 3417 9 0 0 0 15 3 0 2 0
BP2 7,947 30 1 0 A 8 1 6 0
BP3 6,393 224 2 0 0 0 0 0 0
BP4 2,777 605 2 0 0 0 0 1 0
%3 20,534 868 5 0 A 28 11 1 9 0
“obéd T1 5302 33 249 0 7 16 0 0 3 0
M KHL 4485 14 10 0 0 0 0 8 44 40
% 05+2021-2022 & LB Lo~ Aol d Lo LA SRR A 0 2 S 2 R
Be(* 355 1,000 | 2 kR R ) ©
s owx PR e ar TN am oas
¥ &
LB BPl 26 0 0 00 44 09 00 06 0
BP2 38 0.1 0 05 10 1.0 01 08 0
BP3 350 03 0 00 08 00 00 00 0
BP4 2179 07 0 00 00 00 00 04 0
T 648 03 0 0.1 15 05 00 04 0
L 1031 03 0 0.3 19 05 01 03 0
PSS T 62 470 0 13 3.0 0 0 0.6 0
il KHL 31 22 0 0 0 0 18 98 89
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Add I RMAR B E o FTALE

AAEE < £(2014b2018)2 A E BB o

2014 2017-2018  2021-2022
x = 5.6 27.0 17.4
(2 %) (7.3) (48.8) (31.9)
95% 1 i B 3.2-8.0 15.6-38.4 9.3-25.5
W I ia 0.2 1.0 0.4
(% 1) (0.3) (2.3) (0.9)
B%EHERF  0.1-0.3 0.5-1.5 0.2-0.6
NP T ¥ 40.1 32.7 2.4
(28 £) (45.1) (34.8) (3.3)
95% % i B B 25.2-55.0 24.5-40.9 1.6-3.2
4 R T 13.1 242 16.7
(28 £) (13.6) (26.6) (16.7)
BWEHER  8.6-17.6 18.0-30.4 12.4-21.0
B g I ia 6.1 4.4 2.9
G2 ES (7.3) (4.2) (3.7)
5% i B A 3.7-8.5 3.4-5.4 2.0-3.8
&g = 0.6 1.8 1.4
(2 %) (0.9) (3.4) (32.6)
5% i B A 0.3-0.9 1.0-2.6 0.7-2.1
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Activity of dog
number of records: 5960

Activity of cat
number of records: 98
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0:00 6:00 12:00 18:00 2400 0:00 6:00 12:00 18:00 24:00
Time Time
Activity of muntjac Activity of macaque
number of records: 588 number of records: 6967
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Time Time
Activity of palmcivet Activity of badger
number of records: 644 number of records: 178
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# 7~ B ¥ & ik J5 & 5% (single-season occupancy model) 4 17 > §1* Akaike’s
Information Criterion (AIC):®fz ¥ 84 L e £ 22 B 4 of 5L 35 VI8 F (psi)
2RI S (p) 2 B 5% o cam A AP &M ~ d_road F i BRFEAE s ele 5 R

# ~ DogOI % * ﬂ'.iﬁ‘u:f;q # ~ CatOl = ‘3%”:'55&:}‘%& ssolar 5 ~ {5+ & -

Ek i1 Boiff fio50 K AICc  AAICc  weight

*x p(cam)psi(.) 910.46 0.00 0.20
p(cam)psi(ele) 910.99 0.53 0.16
p(.)psi(.) 911.30 0.84 0.13
p(cam)psi(solar) 911.49 1.03 0.12
p(.)psi(ele) 911.63 1.17 0.11

911.91 1.45 0.10
912.10 1.64 0.09

p(cam)psi(CatOl)
p(cam)psi(ele+solar)

p(.)psi(solar) 912.13 1.67 0.09
e p(.)psi(DogOl+road) 141.90 0.00 0.72
p(.)psi(DogOl) 143.82 1.92 0.28
L& p(cam)psi(road) 581.43 0.00 0.60

583.18 1.75 0.40
888.30 0.00 1.00

p(cam)psi(road+DogOl)
R E  p(cam)psi(.)

v g p(cam)psi(road) 833.80 0.00 1.00
g p()psi(.) 475.35 0.00 0.18
p(.)psi(road) 475.80 0.45 0.15
p(.)psi(solar) 476.02 0.66 0.13
p(.)psi(ele) 476.13 0.78 0.12
p(.)psi(road+solar) 476.35 0.99 0.11
p(cam)psi(.) 476.94 1.59 0.08
p(.)psi(road+ele) 477.00 1.64 0.08

p(.)psi(CatOl)
p(.)psi(DogOl)

477.11 1.75 0.08
477.31 1.95 0.07

W W A~ WP OO WWLODN P WOO P& owd>owodk~owP>ADdNDs~ow
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28 FLP RAGMPANE > LS AL BRI B SRE T REEQR)

2L B 22(SE) - 4P 1% & 4~ 5 Reconyx £ Browning > 3% Browning & L # & -

95% ClI 45 95%13 #f % it -

R Reconyx

Species estimate 95% ClI B SE
+ 0.36 0.32-0.41 0.20 0.20
o 0.10 0.06-0.15

MR 3 0.16 0.12-0.20 1.31 0.21
+ B RE 0.64 0.60-0.68 0.64 0.18
v g 0.26 0.22-0.30 0.78 0.17
b JE 0.24 0.20-0.29 -0.02 0.04

29 AL B EFBL NPT LI LTS R GEEP)E TR

(SE) = 95% CI 4, 95% 7 47 % ' -

IR

S RIER Y NRpE RWhRipk AR T E
A estimate 95% Cl B SE B SE B SE B SE B SE
* 0.96 0.58-1.00 0.29 1.01 0.63 1.09 029 0.52
e 0.03 0.00-0.77 -3.76 3.64 526 3.10
e 0.83 0.56-095 1.70 1.09 -0.19 0.33
+ % 1.00  0-1.00
v g 1.00 0-1.00 -25.30 44.10
&g 0.54 0.36-0.71 0.21 035 -0.02 0.05 -0.02 0.06 0.10 0.19 0.13 0.24
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Maximum broods per year
Distribution  of
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1 broods
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Maximum offspring per brood
Brood size 6
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Carrying capacity (K)
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