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Controlling and monitoring population of the invasive frog,

Kaloula pulchra, in Taiwan (III)

REIL R 52 apF &
Frist i gTd

;:r;l‘j /\ﬁ :Fﬁ;—%‘ﬁg\]‘ﬁﬁé



$5(0)6T-F-1'T0-3-66 B-"L T A= 3k

>~
_—

(W)

L S

= )y -h_p-m{igzw







F 4

MAES @ L~ » B A RN R TR RHEE G EHE

I 4% sk (Kaloulapulchra) e 2t S8 et ahd g T % P ST EF R A3 5
NS R B BT BRI RE2 O BAEH o AER DI R P EE
(1) &% & % end; WA R (7T R > 87 2005-2008 # e % b g 127 3
LREFEREE L (2) LMtz 2 BT LB 08 (53 8d)
EEF RS ai%%:m>u$ﬁﬁﬁgé@iéﬁ;w’@ﬁ§Wﬁg

EH P AR 2R e SRR A T 5 (4) TR R R e E R
EREAATR QL s MY (5 U iz aEZ (6) AABVERT R

ig. o

AEREFD AL 20052008 ErB LB G A B s BERELR
oL 28 BAAKRE HY 5 84 BREFRG TMMBESL T AP 2

¥ P H:Y (occupancy model ) ¥ 7% F #°;% (multi-season model ) » 4 % iz &

TR LM P EaER G S B R L R AEES G B R L
e IR e Bk R Itt")g B ﬁﬁ’ﬁ &E%mﬁg%\: A s B EEE R

TEFRCOET O Ta BRR ROVEE G FEHEDT L A RBRLEE
SEE m:}ﬂﬁ %5 o
rAERBACET 47T 29 B zed e A o ¥ HE ﬁ»ﬂ#yﬁgﬁmﬁ B
FRMT Ut L A B B L AES T R A kg

Bt oo
ViR g s 3R g o Bl £ 4Ry 4R 0 12 Jolley-Seber full model i& 7

Ate

HEHEOGE  BERET S aEEE RS 5 1478+4728 & 5 ptetk > T B
HoE P AR R (R E R LR LR A 45 B R LT Y s b
% 24511 § rHcT 355 4785.111644.75 3p > @ fremit 355 33.37425.399 -

N R 7R E S R A 1T 0 R T M B S0% P B & 8 4t i
1



30% > sk [ ke ook % XD MF 5 F AR 00960 b endrgtipid 4 § ok o
B R R B S0%E AL L 2 30% AR hak - TR AT &P i
EHEEI R RT20% 0 F A k- BirdlH EEE @ B o
150 it e pE A T Bl s[RI R RS R A h R - B Y TR
W6 ArEREpIHIL 0 F A4 A L 84 L X T 12,6000 A o
AERZELMNBMED B AR AANEFEFER Fao- B A oad
1 HPRTA B = ARBRA B AL v R R f 0 R R S AR TR

B o

II



o gp R

Key words: Asian Painted Frog, invasive species, amphibian, monitoring, population dynamics,
population control

Asian Painted Frog, Kaloula pulchra, distributed mainly in mainland Southeast
Asia has recently established populations in Tainan, Kaohsiung, and Pingtung
Counties of southern Taiwan. The major aims of this year’s project is to (1) compare
the occupancy rates among years (2005-2010) within each region; (2) investigate the
reproductive behavior (acoustic communication) and ecology for the development of
population control; (3) obtain the population parameters of those frogs occurring in
Kaohsiung Metropolitan Park for modeling the population dynamics and different
management scenarios; (4) estimate preliminarily the efforts and costs for controlling
the population; in addition, maintaining the webpage and promoting public awareness
were also carried out.

A total of 258 study sites investigated between 2005 and 2008 were revisited and
Asian Painted Frog occurred in 84 sites. Occupancy rates of the years were
estimated by using the multi-season model of the species occurrence model for each
of the 4 regions. The results revealed that the rates in South Kaohsiung region
increased between 2006 and 2010, while those in Tainan and North Kaohsiung
decreased between 2008 and 2010, indicating the priority of control management in
South Kaohsiung.

The advertisement calls from 29 males were collected and analyzed this year.
Future studies of behavioral responses to the calls are needed for developing acoustic
traps to control the populations.

Population estimation using mark-recaptured frogs with Jolley-Seber full model
indicated the peak abundance of 1478+472.8 frogs occurred in July in Kaohsiung
Metropolitan Park. The parameters estimated from the population in the park were
the sex ratio (3: Q= 2.45:1), average clutch size (4785.1£1644.75 eggs), and average
hatching rate (33.37+£25.39%3). Results of the modeling analyses using these
parameters showed that removals of either 30% of the adult and juvenile frogs or 50%
of the eggs and tadpoles were not effective, however, the removal of >90% of eggs
and tadpoles could be effective in controlling the population. A combination of
removing 50% of the eggs and tadpoles and 30% of the adults and juveniles could
reduce the population to 20% of the current level in 5 years.

The estimated efforts based on the scenario of combined removals of the eggs,
tadpoles, juveniles, and adult frogs for 6 months in the park were 84 person-days and
the estimated costs were NT$12,6000 per year.

A report of occurrence in Beikang Village, Yulin County, indicated the
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distribution of Asian Painted Frog in Taiwan might be larger than the currently known

range and need further investigations.
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o - - 0.3553 (0.0576)  0.2457 (0.0584)
A B i - - 0.7268 (0.0997)  0.6689 (0.1406)
3 %4 0.4662 (0.0764)  0.6147 (0.0643) - 0.7219 (0.0648)
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2~ BT IRE o Pl A MR E R S

S ¥ Mean STD Min Max
g /S 4785.1 1644.8 2103 7378
rarit (9% ) 33.37 25.39 0.78 69.47
il 2 & (individual/cm’) 0.105 0.051 0.048 0.26
3588 £ (mm) 67.31 3.07 49.57 81.95
it e (g) 28.86 2.12 9.4 52.3
PpiE £ (mm) 71.04 291 54.04 84.10
it e (g) 36.44 3.62 15.8 67.6
) iER L (mm) 4122 9.3 27.49 53.96
JERE (g) 5.32 4.95 1.0 14.3
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THk. B p g AT A% == CNR RS

1 597 1p 75 19 0 94
2 51 25p 215 109 0 324
3 7% 21p 47 20 89 156
4 8% 24np 10 6 27 43
5 9729 p 3 1 11 15
6 107 21 p 0 0 1 1
7 117" 27p 0 0 0 0

KN 346 141 128 615
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Zow ~2010 # &g 22 e DF L A T i R e YA B AR -

»
>

Azde p A 5B R K - = yox EERE o X EHE = X
5/1 08 8(%)" 76 (1009%) 7 (8.49%) 11 (11.79%)
EEA-E S 76 83 94
5/25 %P &%) 75 (100%) 26 (25.7%) 24 (19.2%)  120(49%)  41(143%) 38 (11.7%)
KRR 75 101 125 245 286 324
721 0 g a(%) 49 (100%)  60(55.0%)  25(18.7%) 22 (14.1%)
RS SS 49 109 134 156
8/24 WP g (%) 27(100%)  11(28.9%)  5(11.6%)
AL 27 38 43
9/29 P g aE(%)" 3 (100%) 10(76.9%)  2(13.3%)
KRS S 3 13 15
10/21 ¥ P g (%) 0(-) 1 (100%) 0(0%)
AL 0 1 1
11/27 P &%) 0 (-) 0(-) 0(-)
RS S 0 0 0
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27~ padkse  Renf WA EERE -
(¢ 33 342 [ ERRTH)
Recapture by ordinal number

No. Date  Days TC TR NC R 1 2 3 4 5 6

1 5/1 - 94 94 94 0 -

2 5/25 24 324 306 274 32 32 -

3 7/21 57 156 156 121 35 10 25 -

4 8/24 34 43 43 39 4 0 0 4 -

5 9/29 36 15 0 15 0 0 0 0 0 -

6 10/21 22 1 1 1 0 0 0 0 0 -

7 11/27 37 0 0 0 0 0 0 0 0 0
(W35 S RMER)

Recapture by ordinal number

No. Date Days TC TR NC 1 2 3 4 5 6

1 5/1 - 94 94 94 0 -

2 5/25 24 324 306 274 32 32 -

3 7/21 57 67 67 32 35 10 25 -

4 8/24 34 16 16 14 2 0 0 2 -

5 9/29 36 4 0 4 0 0 0 0 0 -

6 10/21 22 0 0 0 0 0 0 0 0 0 -

7 11/27 37 0 0 0 0 0 0 0 0 0 0

No. = ordinal number ; TC = total captures ; TR =total released ; NC = new captures ; R = recaptures °
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#. =+ ~ 12 Jolley-Seber full model i & I 745 3£ %53 & chid % o

(¢# 33 $2 [ HEBHMTRIEELS)

proporation

Estimated Total

Probability of Number Joining

S.E.

Time(1) . : .N S.E.B
Marked (o)  population (N) Survival (PHI) (B) PHI
1 --- --- 1.597 -—- --- 0.445 -
2 0.102 1478 0.083 32.1 472.8 0.016  32.8
3 0.229 152.6 0 0 10.1 0 0
4 0.114 0 0 0 0 0 0
(5353 S BMFHPEE 5% )
) proporation  Estimated Total Probability of Number Joining S.E.
Time(1) : . S.E.N SEE.B
Marked (o)  population (N) Survival (PHI) (B) PHI
1 --- --- 1.597 - --- 0.445 -
2 0.102 1478 0.083 -54.4 472.8 0.016 33
3 0.529 66.1 0 0 10.1 0 0
4 0.176 0 0 0 0 0 0
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%= ~2010 # g 2w Tgfs ¢ = » 12 catch-effort model & & & 744 4+ -] df #ic

Gk o

. Population Lower 95% Upper 95%
No. Date Catchability i S.E.
size Cl bound Cl bound

1 5/1 0 -- -- -- --

2 5/25 0 - -- - --

3 7/21 18.78% 157.51 42.75 73.71 241.31
4 8/24 47.68% 31.54 0.38 30.81 32.28

5 9/29 19.05% 23.25 42.46 -59.97 106.47

6 10/21 0 -- -- - --

7

11/27 0 - - - -
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s O 03337  462.84  0.0090 0.5 0.73
st A 0 0 0 0.5 0.73
fis* B 0.0334 4628  0.0009 0.5 0.73
i3 C 0.1669 23142 0.0045 0.5 0.73
s D 03337  462.84  0.0090 0.35 0.511
fist E 0.1669 23142 0.0045 0.35 0.511
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A001 173436 2542965 A037 183398 2540511
A002 174081 2543035 A038 184605 2540655
A003 175142 2542780 A039 185668 2540710
A004 176911 2542033 A040 171728 2539081
A005 177408 2542076 A041 172824 2539671
A006 178544 2542566 A042 173374 2539556
A007 179080 2542852 A043 174242 2539327
A008 180624 2542352 A044 175386 2539373
A009 181574 2542328 A045 176921 2539579
A010 181956 2542924 A046 177372 2539143
A011 183394 2542466 A047 179095 2539166
A012 184452 2542225 A048 180891 2540031
A013 185728 2542916 A049 182387 2539713
A014 172681 2541273 A050 184470 2539228
A015 173244 2541794 A051 185288 2539219
A016 174444 2541130 A052 172666 2538563
A017 175789 2541577 A053 173527 2538289
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A022 181585 2541737 A058 178160 2538965
A023 182797 2541517 A059 179100 2538342
A024 183608 2541111 A060 180817 2538237
A025 184196 2541545 A061 182422 2538538
A026 171574 2540543 A062 183479 2538207
A027 172520 2540183 A063 185380 2538642
A028 173765 2540830 A064 172200 2537174
A029 174400 2540481 A065 173634 2537741
A030 176055 2540378 A066 174134 2537399
A031 177617 2540642 A067 175504 2538012
A032 178369 2540533 A068 176392 2537233
A033 179623 2540648 A069 178620 2537953
A034 180549 2540358 A070 179192 2537819
A035 181690 2540268 A071 181167 2537207
A036 182378 2540851 A072 181671 2537816
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A077 173133 2536440 B002 172087 2516974
A078 174180 2536223 B003 173682 2517529
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A091 175529 2535502 B016 176491 2516359
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A094 181016 2535893 B019 179457 2516679
A095 182000 2535614 B020 180351 2516566
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A108 181313 2534739 B033 172936 2514339
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B037 178198 2514591 C035 191083 2497022
B038 179189 2514358 C036 190236 2496221
€001 184884 2502405 C037 185392 2495951
C002 186907 2502610 C038 185670 2494398
C003 187567 2502803 C039 186026 2495545
C004 188550 2503155 C040 187571 2495592
C005 188533 2502634 C041 187327 2494981
C006 189089 2502613 C042 185194 2493144
C007 185659 2501629 C043 185722 2492497
C008 186188 2501160 C044 187408 2493859
C009 187356 2501498 C045 186272 2492121
C010 187587 2500652 C046 187998 2492642
Co11 188461 2501116 C047 184689 2491128
Co12 189173 2501451 C048 185732 2491055
Co013 188746 2500614 C049 184292 2490157
Co14 189767 2500635 C050 185612 2490302
Co15 184722 2499259 C051 186503 2491421
Co16 184293 2498839 C052 187751 2491410
Co17 185456 2498822 C053 186386 2490586
C018 186578 2499746 C054 187203 2490359
Co19 187232 2499694 C055 186351 2489443
€020 186603 2498196 C056 187087 2489180
Co021 187307 2498640 D001 211279 2507261
C022 188311 2499212 D002 207556 2506795
C023 189499 2499623 D003 208644 2506717
C024 188831 2498404 D004 209261 2506504
C025 189359 2498182 D005 211180 2506442
C026 184976 2497125 D006 207091 2505820
C027 185144 2497645 D007 207608 2505303
C028 185685 2496371 D008 208159 2505496
C029 187524 2497190 D009 209623 2505777
C030 186306 2496831 D010 211042 2505290
C031 187752 2496288 DO11 206541 2504675
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D012 207785 2504822 D033 205487 2499846
D013 209739 2504550 D034 206347 2499183
D014 210706 2504493 D035 208969 2499903
D015 206551 2503966 D036 209807 2499256
D016 207521 2503755 D037 210814 2499298
D017 208558 2503903 D038 205763 2498446
D018 209863 2503752 D039 206489 2498209
D019 210907 2503289 D040 207305 2498546
D020 206423 2502413 D041 208105 2498876
D021 208173 2502700 D042 209095 2498159
D022 210182 2502596 D043 210267 2498696
D023 205404 2501695 D044 205726 2497605
D024 207435 2501156 D045 208404 2497739
D025 208621 2501263 D046 209054 2497526
D026 209738 2501638 D047 210325 2497589
D027 205335 2500768 D048 205852 2496789
D028 206543 2500331 D049 206861 2496218
D029 207184 2500232 D050 207953 2496344
D030 208277 2500893 D051 208765 2496903
D031 209662 2500703 D052 209658 2496701
D032 210127 2500363 D053 210101 2496568
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# 8L SR AL Y PG o A i P AR TR e POAR AR T 4R B BOAR = R/ ¢ BB/ %4 R B A g KR SUIE 3 B IREF (%)
A046 0 0 1 2 1/1/0 1 33.33%
A047 1 3 0 0 0/0/0 1 33.33%
A053 1 1 0 0 0/0/0 1 33.33%
A055 0 0 1 1 1/0/0 1 33.33%
A068 0 0 1 1 1/0/0 1 33.33%
A071 0 0 2 8 7/0/1 2 66.67%
A080 2 2 2 3 1/1/1 3 100.00%
A081 1 1 1 1 1/0/0 1 33.33%
A086 0 0 1 1 1/0/0 1 33.33%
A087 0 0 1 1 1/0/0 1 33.33%
A094 0 0 1 1 1/0/0 1 33.33%
A095 1 3 1 3 3/0/0 1 33.33%
A105 1 3 1 1 1/0/0 1 33.33%
A106 1 1 0 0 0/0/0 1 33.33%
A107 1 2 0 0 0/0/0 1 33.33%
A109 2 5 2 4 4/0/0 2 66.67%
A110 0 0 2 2 2/0/0 2 66.67%
Alll 0 0 2 3 2/0/1 2 66.67%
B002 0 0 3 3 1/1/1 3 100.00%
B003 0 0 1 1 1/0/0 1 33.33%
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# 8L SR AL Y PG o A i P AR TR e POAR AR T 4R B BOAR = R/ ¢ BB/ %4 R B A g KR SUIE 3 B IREF (%)
B004 0 0 1 3 0/0/3 1 33.33%
B006 0 0 1 1 0/0/1 1 33.33%
B008 1 1 0 0 0/0/0 1 33.33%
B009 0 0 1 2 0/0/2 1 33.33%
BO11 0 0 1 1 0/1/0 1 33.33%
BO15 1 1 0 0 0/0/0 1 33.33%
BO18 1 1 0 0 0/0/0 1 33.33%
B026 0 0 1 1 0/0/1 1 33.33%
B027 1 1 0 0 0/0/0 1 33.33%
B028 2 2 3 15 13/2/0 3 100.00%
BO031 1 1 0 0 0/0/0 1 33.33%
B033 0 0 1 1 0/1/0 1 33.33%
B036 0 0 1 1 0/0/1 1 33.33%
B037 1 2 0 0 0/0/0 1 33.33%
B038 1 1 0 0 0/0/0 1 33.33%
C001 1 1 1 1 1/0/0 1 33.33%
C002 0 0 1 3 0/0/3 1 33.33%
C003 0 0 1 1 0/0/1 1 33.33%
C005 1 1 1 1 1/0/0 1 33.33%
C007 0 0 1 3 2/0/1 1 33.33%
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# 8L SR AL Y PG o A i P AR TR e POAR AR T 4R B BOAR = R/ ¢ BB/ %4 R B A g KR SUIE 3 B IREF (%)
C008 0 0 1 1 1/0/0 1 33.33%
C009 1 1 1 1 1/0/0 1 33.33%
Co13" 0 0 1 0 0/0/0 1 33.33%
Co15 1 0 0 1 0/1/0 1 33.33%
Co16 0 0 1 1 1/0/0 1 33.33%
Co17 1 0 0 1 0/1/0 1 33.33%
Co18 0 0 1 1 0/0/1 1 33.33%
C021 1 1 0 0 0/0/0 1 33.33%
C027 0 2 1 2 0/2/0 1 33.33%
C028 1 0 1 2 1/1/0 2 66.67%
C029 0 1 2 2 1/1/0 2 66.67%
C030 1 1 2 1 1/0/0 2 66.67%
C031 1 0 1 1 0/1/0 2 66.67%
C034 1 1 0 0 0/0/0 1 33.33%
C036 1 0 0 1 1/0/0 1 33.33%
C038 0 1 1 2 2/0/0 1 33.33%
C041 1 0 2 2 2/0/0 2 66.67%
C042 0 1 2 0 0/0/0 2 66.67%
C043 1 1 0 1 1/0/0 1 33.33%
044" 1 1 1 0 0/0/0 2 66.67%
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# 8L SR AL Y PG o A i P AR TR e POAR AR T 4R B BOAR = R/ ¢ BB/ %4 R B A g KR SUIE 3 B IREF (%)
C045 1 2 1 3 3/0/0 2 66.67%
C048" 1 0 1 0 0/0/0 1 33.33%
C050 0 1 1 2 2/0/0 1 33.33%
C051 1 1 1 0 0/0/0 1 33.33%
C053 1 1 0 1 1/0/0 1 33.33%
C055 1 1 1 0 0/0/0 1 33.33%
C056 1 1 0 0 0/0/0 1 33.33%
D002 1 1 0 4 4/0/0 1 33.33%
D008 1 2 1 1 1/0/0 1 33.33%
D009 1 0 1 12 12/0/0 1 33.33%
D010 0 3 2 13 13/0/0 2 66.67%
D013 2 0 2 1 1/0/0 2 66.67%
D014° 0 3 1 17 17/0/0 1 33.33%
D019 1 0 2 1 1/0/0 2 66.67%
D022 0 3 1 1 1/0/0 1 33.33%
D023 1 2 1 1 1/0/0 1 33.33%
D026 2 2 1 1 1/0/0 2 66.67%
D027 0 0 1 1 1/0/0 1 33.33%
D032 1 2 2 7 7/0/0 2 66.67%
D039 1 1 0 0 0/0/0 1 33.33%
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# 8L SR AL Y PG o A i P AR TR e POAR AR T 4R B BOAR = R/ ¢ BB/ %4 R B A g KR SUIE 3 B IREF (%)
D043 1 2 0 0 0/0/0 1 33.33%
D045 1 1 1 1 1/0/0 2 66.67%
D052 0 0 1 1 0/0/1 1 33.33%
D053 1 2 0 0 0/0/0 1 33.33%
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