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ABSTRACT
Keywords: amphibians, Nanjenshan, visaul encounter method, automatic

sound recording method, occupancy estimation

Nanjenshan Nature Reserve of Kenting National Park has more than half of
the amphibian species of Taiwan and is one of the most important breeding
ground for the amphibians. = Amphibians are sensitive to changes in
environments and are considered as indicator species. In recent year, amphibian
populations declined throughout the world and had been associated with factors,
such as global climate change, pollution, etc. However, systematic and
long-term data for amphibian populations in Taiwan are lacking.  The
amphibians in Najenshan had been monitoring in 1995-2001 and 2008, and the
results indicated that population of Bufo bankorensis seemed to be declining. In
this study, we continued amphibian monitoring using visual encounter method
(VEM) and automated sound recording method (ARM) in Najenshan to evaluate
the amphibian population status by occupancy estimation. From March to
October, 16 species of anurans were recorded with VEM. Rana latouchii,
Buergeria robusta and R. swinhoana were the three most frequently seen species
as before. However, the anuran composition of this year was significantly
different from those of 2008 and 1995-2001. The discrapency may be caused by
the incomplete survey lacking data from November and December or the absence
of Bufo bankorensis. ARM recorded 15 species during April and September this
year. The single-season model of occupancy estimation revealed the occupancy
rates (y) ranged from 0.147 for R. plancyi to 1 for Chirixalus eiffingeri, and the
detection probabilities (p) ranged from 0.1049 for R. limnocharis to 0.7284 for
Microhyla ornata (including Microhyletta heymonsi). According to the results
of model selection with AIC values, habitat type (lentic/lotic) and survey month
influenced the species occurrences and detection probabilities, respectively, in
most cases. Although, data from the entire year would be more appropriate for
estimations of occupancy rates and detection probabilities, this study presented

the first estimates of occupancy and detection probabilities for anurans in Taiwan.
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g TR A 180 200 189 150 135 93 947

ETE I 25 5 16 55 70 112 283

AL A B 122% 24% 7.9% 26.8% 34.1% 54.6% 23%

i oA

2 i A 47 64 43 37 5 0 196 20.7%
o] o 110 86 120 109 85 62 527 55.7%
Sl N 0 15 0 0 2 17 1.8%
FARE S 51 45 17 15 21 156 16.5%
e S 8 8 8 13 2 44 4.7%
EpaiE 33 24 55 61 52 22 247 26.1%
A St 35 9 24 22 8 14 112 11.8%
& sk 6 8 10 6 0 0 30 3.2%
Ak 0 0 4 0 0 0 4 0.4%
TR AE 143 115 166 99 101 34 658 69.5%
v 4E A 60 76 81 63 65 7 352 37.2%
3 AHE 19 12 12 0 2 0 45 4.8%
o p = 2 1 2 3 0 0 8 0.8%
A pE 14 9 16 11 14 4 68 7.2%
T A 0 3 2 1 1 0 7 0.7%
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$ZE pARE

AN AFB R TIORE R .
S FRAE Yuae v SEy” p’ SE p°
2 Pk A Bume 04146  0.4146  0.0886  0.5195  0.0509
oA Micr 0.8049  0.8049  0.1846  0.7284  0.3468
g2 F Sl Ak Miin 0.1951 02262 03174 02298  0.0752
PERK K A Rala 0.5854  0.5925  0.099  0.2631  0.0426
i Rali 0.3659  0.3953  0.0978  0.1049  0.0165
Wit Raad 0.561  0.5618  0.0945 04412  0.0499
AL .1 Rasw 0.3659 03695  0.1051 03122  0.0585
& St Rapl 0.1463  0.147 02748 02874  0.0888
St Chei 1 1 0 0.6495  0.4613
6 47 A Pome 0.7317  0.7323  0.0923  0.4565  0.0421
BN A4 Rhmo 0.1707  0.1712  0.0711 03266  0.0748
Buro 02439 02439  0.0855 04273  0.1922
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24 LHEEAERL BE

st AIC  AAIC ®

Bume

¢ (habitat1),p(month) 473.8 0 0.7307 8
¢ (habitat1+habitat2),p(month) 475.8 2 0.2688 9
¢ (.),p(month) 489.31  15.51 0.0003 7
¢ (habitat2),p(month) 490.67 16.87 0.0002 8
¢ (),p(t) 511.87  38.07 0 31
o (),p(.) 609.93 136.13 0 2
Micr

¢ (habitatl),p(t) 855.29 0 0.6102 32
¢ (habitat1+habitat2),p(t) 856.2 091 0.3872 33
¢ (),p(t) 866.84  11.55 0.0019 31
¢ (habitat2),p(t) 868.79 13.5 0.0007 32
¢ (.),p(month) 881.6  26.31 0 7
¢ (),p(.) 919.63 64.34 0 2
Miin

¢ (habitat2),p(month) 114.87 0 0423 8
¢ (.),p(month) 115.52 0.65 0.3056 7
¢ (habitatl+habitat2),p(month) 116.87 2 0.1556 9
¢ (habitat1),p(month) 117.46 2.59 0.1158 8
o (),p(.) 157.23 4236 0 2
¢ (),p(t) 157.45  42.58 0 31
Rala

¢ (habitat2),p(month) 682.8 0 0.3886 8
¢ (.),p(month) 683.07 0.27 0.3396 7
¢ (habitatl+habitat2),p(month) 684.79 1.99 0.1437 9
¢ (habitat1),p(month) 685.02 2.22  0.1281 8
¢ (),p(t) 701.31  18.51 0 31
¢ (),p(.) 738.29  55.49 0 2
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F2F HhEE

K&
e AIC  AAIC K

Rali
¢ (habitat1+habitat2),p(.) 309.92 0 0.9905 4
¢ (habitat1),p(.) 319.28 9.36 0.0092 3
¢ (habitat2),p(.) 326.7 16.78 0.0002 3
o (),p(.) 329.74  19.82 0 2
¢ (.),p(month) 330.09 20.17 0 7
¢ (),p(t) 351.28  41.36 0 31
Raad
¢ (habitat1+habitat2),p(month) 772.1 0 0.6488 9
¢ (habitat1),p(month) 773.33 1.23  0.3508 8
¢ (.),p(month) 787.69  15.59 0.0003 7
¢ (habitat2),p(month) 789.34 17.24 0.0001 8
¢ (),p(t) 824.49  52.39 0 31
¢ (),p(.) 829.89  57.79 0 2
Rasw
¢ (habitat1),p(month) 478.47 0 0.6265 8
¢ (habitat1+habitat2),p(month) 480.3 1.83  0.2509 9
¢ (.),p(month) 482.36 3.89 0.0896 7
¢ (habitat2),p(month) 484.36 5.89  0.033 8
¢ (),p(.) 504.85  26.38 0 2
¢ (),p(t) 508.46  29.99 0 31
Rapl
¢ (habitat1),p(month) 170.93 0 0.3461 8
¢ (habitatl+habitat2),p(month) 171.01 0.08 0.3326 9
¢ (.),p(month) 172.05 1.12  0.1977 7
¢ (habitat2),p(month) 172.99 2.06 0.1236 8
¢ (),p(.) 191.81  20.88 0 2
¢ (),p(t) 20599  35.06 0 31
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%1
st AIC  AAIC ®

Chei

¢ (),p(t) 1068.95 0 0.9945 31
¢ (.),p(month) 1080.58  11.63  0.003 7
¢ (habitat1),p(month) 1082.58 13.63 0.0011 8
¢ (habitat2),p(month) 1082.58 13.63 0.0011 8
¢ (habitat1+habitat2),p(month) 1084.58  15.63 0.0004 9
¢ (),p(.) 1171.53 102.58 0 2
Pome

¢ (habitat1),p(month) 1003.85 0 0.6716 8
¢ (habitat1+habitat2),p(month) 1005.84 1.99 0.2483 9
¢ (.),p(month) 1008.82 497 0.056 7
¢ (habitat2),p(month) 1010.5 6.65 0.0242 8
¢ (),p(t) 1044.67  40.82 0 31
o (),p(.) 1061.39  57.54 0 2
Rhmo

¢ (.),p(month) 203.65 0 0.3829 7
¢ (habitat1),p(month) 203.88 0.23 0.3413 8
¢ (habitat2),p(month) 205.53 1.88 0.1496 8
¢ (habitatl+habitat2),p(month) 205.87 222 0.1262 9
¢ (),p(.) 239.67  36.02 0 2
¢ (),p(t) 240.48  36.83 0 31
Buro

¢ (habitat1+habitat2),p(t) 279.29 0 0.5644 33
¢ (habitatl),p(t) 279.94 0.65 0.4078 32
¢ (habitat2),p(t) 285.95 6.66 0.0202 32
¢ (),p(t) 287.93 8.64 0.0075 31
¢ (.),p(month) 296.09 16.8 0.0001 7
¢ (),p(.) 302.58  23.29 0 2

Bume=2 P2 ik > Micr=-] & 4+ » Miin= ¢ * % X /] & §& » Rala:éf_’ﬁ’iv?é X 73+ > Rali=% 4+ » Raad=
*gpaid > Rasw=#7% § % 7+ > Rapl=4 %+ > Chei=% < #3+ > Pome=+¢ 4f #3+ > Rhmo=% X it

3+ > Buro=#ati+ o

AIC : Akaike’s Information Criterion °
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@ * Akaike’s Information Criterion ¢ {35 #c o

K B 0 e di o

GO,p() By b FE BRI F AT PREAFFISL - HELE -
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month : 117 ¥ (> B 5 BEFS o
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Fid * *k  kk kK Kk * * *
st * * ok kkk kkk kkk Kk *
;}j_‘]gli:# S * * * * *k *k  okkk kkk kkk kkk kK *
Bro % S * * *k kK Kk kK * ok kk Kk Kk *
& Rix * * *k  kkk  kkk  kAkk kK *k *
p A~ )]%‘hij’-_ * ** *k *k * * * * * * * *
ﬁ%;;]%jqij’—_ * * * * * *% *k  kkk kk * * *
TR AHE * * *k *k  kkk kkk kkk kkk kkk kK * *
v 48 fhid * * * *k  kk kkk kkk kK *
¥ N AR+ *hk  kk kK * * * Kk kkk kK
&L AHE * * * * * *
2 %‘:ﬁ K] R gE * *k  kk kk kk kk kk kk Kk * * *
=t * *k  kk kk kk kk kk kK kK * * *
g 2 F ] A& E * * * * * *

*FERPBAEZY PAREEIIER 0 B RLARS AT RARE o
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B LA ERERAREREEZLEDT R (2)

£ L v kERH AP A T L4k o

gt v
Anura #& E P
Bufonidae #% A f
Bufo £
Bufo melanostictus 2 PEiE A
Microhylidae f& © &4
Microhyla # v 3+ /§
Microhyla ornata | & g
Microhyletta heymonsi LA N S
Microhyletta stejnegeri g2 At
Ranidae # 4+
Rana 7 i+ /g
Rana adenopleura "Rpait
Rana rugulosa A
Rana limnocharis t o
Rana latouchii EAR LR R
Rana plancyi & HuE@

Rana swinhoana
Rhacophoridae #ghit 4+
Buergeria JEfHE
Buergeria japonicus
Buergeria robusta
Chirixalus B+ /§
Chirixalus eiffingeri
Polypedates Z i+
Polypedates megacephalus
Rhacophorus A+ /g
Rhacophorus aurantiventris
Rhacophorus moltrechti

>

B2 A AdE

Fe AL
S

@ -« g = wr
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fitdr— s =LA RETE R B8R B

k- e CL A R e R AR

HEE. At (TWD67) ¥ELmEy. Atk (TWD67)

NJS 01 234790 2443009 NIJS 22 234481 2443232
NJS 02 234763 2443129 NJS 23 234406 2443152
NJS 03 232334 2442958 NIJS 24 234468 2443084
NIJS 04 232439 2442859 NIJS 25 234372 2442923
NJS 05 232857 2442979 NIJS 26 235407 2443297
NIJS 06 232892 2443342 NIS 27 234607 2443224
NIJS 07 234668 2443481 NIJS 28 233553 2443664
NJS 08 234796 2443435 NIJS 29 233856 2443487
NJS 09 234756 2443557 NIJS 30 234327 2442837
NJS 10 234843 2443592 NJS 31 235520 2443441
NJS 11 234333 2443239 NIJS 32 233144 2443482
NJS 12 234260 2443276 NJS 33 234730 2443273
NJS 13 234938 2442852 NIJS 34 233228 2443550
NIS 14 232721 2442857 NIJS 35 232574 2442925
NJS 15 233040 2442941 NIJS 36 235146 2443095
NIJS 16 232654 2443026 NIJS 37 233364 2443548
NIJS 17 233966 2443595 NIJS 38 235639 2443744
NJS 18 233795 2443539 NIJS 39 235792 2443439
NJS 19 235062 2443606 NIJS 40 234557 2443480
NIJS 20 235185 2443629 NIJS 41 234511 2443545
NJS 21 234421 2443287

(FAR KRR 2BEFTH)
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