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Meteorological Factors Influencing Breeding Biology of Kaloula borealis'
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ABSTRACT

In order to analyze the meteorological factors influencing breeding activities of the Kaloula borealis,
spawning sites which are located in Daejung-Eub, Jeju Island were investigated for 4 years from 2008 to 2011.
The factors for analysis were rainfall, humidity, temperature, barometric pressure and wind speed. Comparative
analysis were done on the spawning activities on rainy days. The analysis shows that the main factors
influencing breeding activities of the Kaloula borealis are rainfall, humidity, and barometric pressure. The most
influencing factor among them is rainfall. According to the analysis, the Kaloula borealis participate in
spawning activities when it rains hard and humidity and barometric pressure also have influence on their
spawning activities to a certain degree. As for temperature, the breeding season is summer so it meets one of
the conditions for breeding activities. As a result, like the previous studies on other anurans in temperate regions,
rainfall and temperature have a great impact on breeding activities of the Kaloula borealis.
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WA BB QlolA ofF Fag BAlolch B o
A ol A Al NATES 7S Agsi) e
Eo] QJtiDuellman and Trueb, 1994; Bevier, 1997;
Yanosky et al., 1997). 7392 HAIS 517] §Jor Ao
= A et oy, 9o 2 RS Alsste] 7o
F7F SEAAA A HAA R o5 & 4= lE=E 5t
4] 713815 Algst, AT A oA Bl A AH-FA
THEo] = 5 Al Q40)al, B3 HAZET|T 5
oF Ile 3t 48 &418 AAst 4= ¢tk Semlitsch, 1985;
Loredo and Van Vuren, 1996; Palis, 1997; Wilbur, 1997).
T3 e B2 AollA FulRe] §lAZEo] Zhe-HRat
olyzgt &r% FQ3 90loF A Lti(Blair, 1960;
Heinzmann, 1970). ¢AlF WAIZ-5oll= X[ whe} =27
T 7HA 712 sf"o] Sl= Ao® dEA vk she S
Ao Alz FoR, o5 4 | WU #Alo] 7hsat
A= 2-7]0f o]F oAt Hoogmoed and Gorzula, 1979;
Toft and Duellman, 1979; Aichinger, 1987; Hero, 1990;
Gascon, 1991; Duellman, 1995; Bevier, 1997; Bertoluci,
1998). WA o]59] WAle 2dsk= 9AQl =2 22l
oIt E e shbs 2t Ae] FulREA] o]59
HAZHE-2 Aol o] QlaL, et 2of oEstaL
Qlth(Ritke et al., 1992; Duellman and Trueb, 1994).

it 2R o] FalR MALS B3} o5 Ale]¢] ke
717kef doju, W&ol &2 -8(Lofts, 1974; Jorgensen,
1988) &jof 7%, &&=, 9o A7, 5=, v 5 o
A aclEol o REg3tth AEZ W37t Sl A9
A oheFRt 2o e Sl & = Alwste]
Tl Afoo] WAPdERe] thsE 583tk Bertoluci
and Rodrigues 2002). A 79| &5 FolA & thE &4
2 aelel 7ok Y A7), 5, HiEE 54T FuR
Zof| A HAIZE o 498FS FUrH(Bellis, 1962; Heinzmann,
1970; Bauch and Grosse, 1989; Smit, 1992; Henzi et al.,
1995; Brooke et al., 2000).

ofe] B4 80l RS AL FulRe] WA TES
A5Shed] Bash RuRe] £ WAL S| AT
Azo|mi oo o] eoly KR $ohelS uhet
© g2 AhtghEat S A0l a1t BAE B w45
th(Blankenhorn, 1972; Salvador and Carrascal, 1990;
Dorcas and Foltz, 1991; Fukuyama and Kusano, 1992;
Henzi et al., 1995; Brooke et al., 2000). -2J}g}lo] A=
AN AR, AT ol theiA 229 55,
7 5-=Fate] BAE vlalEAg ke 7 9t Yoo and Jang,

2011).

22 Q1 f-eutol] AAlsl= WEol(Kaloula borealis)
A ASE L7t =2 A7 F&ol ARES b, g
W2 H7F Y= ol 4lgto] o] FojX|aL Ql= AR &
# A QlthKim, 1971; Ko ef al., 2011). 3}x|at of ] 7
83 F ougk 2219 FFS wol wh=X]of tjsjr= of
7R FAH oz def7l vt ik whEka B AT HA
7150l =9 739 5 oY 8RAES w45k Wl
Ahgtol] GRS F= 7148%0S doty] flste] o]FolA

o},

LT

A2 3l 2008 5EHE 20114 8E71A] 44 <k
Al g5l YRR gl AbvtA|ofl A ARSI =
A= R0l BAA = EE] o] Qlal FA| R ol glo
H HIThZ FE= 300m A HolA Qlh A= A4
HoFo R WAL 550m HERl ZAR HAYE0] QlaL, 27
Qo] 7F= 15m, A= Sm AE=9o] 5otk o] AR 7
I} 5 Abolofl= i Eol gl dEHE Ak e
=1} o5 Atololli= 10~20em 7ol Eof Lo} b+
gjo} g7ite] o] AR = o] &EH, 53] WEolSolA H
CHAREAI 2 ARE-E] AL Qleh Aol =o] ato]d upctof &}
HE E50] A= At A= B0l 1A e &
of FalHHA f7]=0] Wol AE frlEs Holz
Sl WEo] A9 Hlo|= o] §H Al qlrt. BIZE Wels g
HHLE] Algto] o] fojxug H7t el el A=
o] F ot WEolet At R Altks wakskelon, Ak
oAl &of = AkE SHgsqlth Abeto] o] FojH
o] 2EA o Ao S5, HAARE, HULLE, 7
o, 49 71T ulAIe v} vlwsisich 7k R40) 4
3 A2 A7) A AR adio] AR
o] W& ARE ARSI AP 71T} 15kn A4
TR ARG 714 lak= Aol7h GlaL, AR o
Al o] ZAtmE o|§sto] AlgtA] A9 7|4 aaE sty
Ao, TR Ao A 22 WS ARE-SHAL JltH(Oseen
and Wassersug, 2002; Shahriza et al., 2010).

ofg] 3 a4 F ot adlof osf Atel=AlE ¢
7] f1eliAl Abgto] o]FojZl do] 7k QRIE59] HolHE &
Alstglom, H7F gEoL) Algto] o]fof 27| ¢h= Eof A}
759} wluste] ZXAEF]FaAl(Logistic Regression)S
ARgsto] EASETE W0l o) Abehe w2 v7F ™ uf
ojFojA= SA0] Jlormr 7ol lmm oSl ARE
ARgslglon, 2~39 A& oz vyl ek g A do
&5 dlolgE ARSIt A4S SPSS(statistical
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package for the social sciences, ver. 12.0) 2132 o]&

ahsich
a 1}

A5 Fl LAl WEele ARAIE K,
2008132 SHE 8 Ato] AL, 2009 ol A 2011H-2 6
o ZofA] 8FAPOI R HERTE A Alto] o] Ro{2)= A
7]+ 20080l 59 28Y0|ll, 2009W0= 6 9Y,
201090°= 6 11, 2011 d°1= 64 1042 A|FA
A= 5E ol 68 Zof Aleto] AAEE= Ao R YER
CH(Table 1). 2008' A= 54 ol w2 B|7}F W& 1kehol
o] Fo|H oLt 2009 E 20117 = 54 WHH 6
Z7HA] B7F WAt gfot Abto] o] Fox| 2] kgkal, o
T 87F izl 6 1097300 Aleto] o] ol frt. Aetr|zhe:
2008\F = 76 Lolnt 20090l = 674, 2010E = 61,

2011 900+= 59U & ARRE7|7ho] A golA| Al Qs A
Holi Q= Ao 7 Yelgti(Table 1, Figure 1).

49 5oF AR WEo] o] ARl 2008 63)(7-5-
A 209), 20099 63](7-+ 21Y), 2010d 637+ 19
&), 20119 83)(7--d 18U tKTable 2). £A441} 5¢
oA 6Pzof Algho] AJ2HE|G] O m, mpx|u} Algto] o]
ojZ]= Al7]= 8¢ 10 AFE ojufol = H|7} Wol Weji=
o Algto] o]Rolfths A& & = AUch 7 YR Al
3= 13]0| 4] 33] o]FoA] 3L 9l o 2011Holl= 6L
H|7}F A We AtSla= 53]GIcK(Table 2).

2008 RE] 2011 Afolof Akekst do] 7} 7|4k A o
FZF H9E W, 7okl A2 32 8m44.3mE HA| H
9l 13.5mm~100.5mm, S5 85.7%~91.7%2 | H =
76.0%~97.6%, HALEE 192C~219CE AAHY=
17.40~24.7C, HITLEL 24.60C~255C 2 AAHY=
21.4C~29.9C, 718 995.7hpa~997.1hpaZ A H 9=

Table 1. Breeding-season date and duration Kaloula borealis for Jeju Island

Year Breeding initiation date Breeding end date Breeding season duration(days)
2008 28 May 11 August 76
2009 9 June 14 August 67
2010 11 June 10 August 61
2011 10 June 7 August 59
2008 2009
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Figure 1. Rainfall, mean temperature, relative humidity of survey area during each period
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Table 2. Meteorological data of the spawning day of Kaloula borealis during four years from 2008 to 2011 in Jeju

Island
Rainfall Humidit Temperature(C) Barometric .
Year Day (Inm) (%) ’ Min. Max. pressure(hpa) Wind speed(m/s)
28 May 63.5 91.9 18.1 21.4 991.6 5.7
15 June 29.0 76.0 17.6 24.2 999.7 43
2008 20 June 28.0 92.6 19.7 21.7 997.3 4.8
28 June 36.5 87.4 194 23.5 998.1 8.8
20 July 18.5 83.5 24.5 27.3 995.7 8.4
10 August 21.5 82.6 22.6 29.9 996.8 5.1
9 June 24.0 83.6 17.7 23.0 1,000.3 8.2
22 June 31.0 89.1 18.0 23.5 991.4 6.0
2009 30 June 88.5 90.3 19.1 23.4 994.9 52
23 July 25.0 79.8 19.3 26.7 994.6 4.3
28 July 52.5 84.5 19.2 25.6 993.8 3.8
14 August 445 89.4 21.8 25.6 100.4 2.5
12 June 26.0 85.3 20.2 23.2 998.0 8.4
26 June 39.0 97.6 21.0 23.1 996.6 7.0
2010 10 July 20.5 90.9 21.1 27.1 997.5 5.8
13 July 100.5 97.6 21.6 24.1 998.9 49
27 July 26.5 89.3 22.1 27.0 1,001.8 6.4
10 August 45.0 89.5 25.3 28.4 990.0 10.1
10 June 51.0 93.9 19.4 22.5 994.7 3.9
16 June 23.0 90.1 18.5 22.9 997.2 22
21 June 34.0 89.3 17.4 24.6 1,002.4 33
2011 25 June 21.5 88.9 23.1 28.3 994.6 10.1
30 June 30.0 95.0 213 23.7 1,002.2 7.7
6 July 37.0 92.9 19.3 23.8 992.6 49
1 August 13.5 86.6 24.7 28.8 997.7 38
7 August 67.0 88.3 243 27.0 984.5 19.3

Table 3. Mean£SD and range of each value in survey area

Year Rainfall Humidity Temperature( C) Barometric Wind
(mm) (%) Min. Max. pressure(hpa) speed(m/s)

2008 32.8+16.3 85.7+£6.3 20.342.7 247433 996.5+2.8 6.2+1.9

18.5~63.5 76.0~92.6 17.6~24.5 21.4~29.9 991.6~999.7 4.3~8.8

2009 44.3+£24 4 86.1+4.1 19.2+1.4 24.6+1.5 995.94+3.7 5.0+2.0

Spawning 24.0~88.5 79.8~90.3 17.7~21.8 23.0~26.7 991.4~1,000.4 2.5~8.2
2010 42.9429.6 91.7+4.9 21.9+1.8 25.542.3 997.1+£3.9 7.1£1.9

20.5~100.5 85.3~97.6 20.2~25.3 23.1~28.4 990.0~1,001.8 4.9~10.1

2011 34.6£17.3 90.6£3.0 21.0+2.8 25.242.5 995.7+5.7 6.9+5.6

13.5~67.0 86.6~95.0 17.4~24.7 22.5~28.8 984.5~1,002.4 2.2~19.3

2008 7.5+6.6 82.6+4.1 21.1+3.5 26.0+4.4 998.9+2 4 5.3+1.7

1.0~22.5 74.0~88.9 17.2~25.9 20.4~31.5 995.0~1,002.9 2.7~1.5

2009 4.443.8 83.6+£3.4 21.6+2.6 26.1£1.9 997.5+3.1 5.942.1

Non- 1.0~10.0 77.0~87.3 18.0~25.9 24.0~29.4 993.7~1,003.3 3.8~8.4
spawning 2010 6.4+£5.0 87.1£3.7 22.0+2.9 27.843.1 1000.9+4.6 3.8+1.7
2.0~12.5 83.5~91.3 19.3~25.7 24.6~31.1 996.8~1,006.4 2.6~6.3

2011 5.8+5.2 89.6+7.2 21.0+3.2 249443 998.1+3.0 5.6£2.5

1.0~15.0 75.3~94.4 17.5~25.9 20.5~32.3 994.2~1,002.4 2.0~84
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Table 4. Results of binary logistic regression for effects of abiotic factors on Breeding season

B SE wald P
Rainfall -0.433 0.144 9.113 0.003
Max. Temp 0.116 0.093 1.554 0.213
Min. Temp 0.104 0.104 0.992 0319
Humidity -0.104 0.060 5.495 0.019
Barometric pressure 0.193 0.090 4.639 0.031
Wind speed -0.149 0.114 1.706 0.192

Wind speed

Non-spawning day
Spawning day

Figure 2. Barometric pressure and wind speed in breeding season

984.5hpa~1002.4hpa, =42 5.0m/s~7.1m/s2 AA|HE=
2.2m/s~19.3m/s= EFFTHTable 3).

g0l o] Aretat 71448 Q1] WA= ZAIAE I
A& olgsto] A=, S Aletol 7MY 2 &
Q1(S'E=0,144, wald=9.113, P<0.01)°. 2 ZA-&35}3 Q= A
O = ety & w7 ol W= i ol HH WEels
O] ARHA| 29 o]go] AlAtE|o] WL F|AHEo] AFFA]
O 7 o]Fshz s WA 4= Sk ARA| = o]53%t 7|
A F FAEE SaadsE Wl AEsHd g & vkgfrt
271 Azt Ugoll= Ader &1, o] &2 o g
L3 7A] ALE QRith F 2% (S-E=0.093, wald=
1.554, P=0.208)2} Z|A2%(S:E=0.104, wald=0.092,
P=0.316)0) = Atgto] o] fojA= g3} I o2
Atolofi= frojAo] gl Aoz yepytth AdlsEel A4
= oFshAl &3t e Ao®m UERGoH(SE=0.060,
wald=5.495, P<0.05), H|7} 2= do= ANEG=7} =rh=
A& & 4= ASKFigure 1). 7] U (Figure 2)%1 -, Aketo]]

ol AR TG Fi A0 LRI 9LOLHSE=0.09,
wald=4.693, P<0.05), Z<(Figure 2)¢] 7-$= Algho] o
o] ol Ao UERJTHSE=0.114, wald=1.706,
p=0.192)(Table 4). wietA] wWFo]o] Algto] FFE F+=
QolorL 7roeko] 71 211, I L OB &5} )
ofo] oJakS 2L Aoz Upetrh

o o= T 1

-

Abgom ealziold WEole] WA A7le vt B
o] Yel= b A Fof o]FojXkKo ef al., 2011). $-
Zifate] Aupde Tethya A7|R LEef 7oek ok
Lo FEks Wethe 7189 o Ao YAkl Stk
(Humphries, 1979; Okuno, 1985). £3] W4ol= 22yt
off Aoz Fuli oA =& Al7lof HAlsh= Folm,
HE AN 20 9k 7S AT BE ANA

SR A ARold =610l & ol Atete W

Ly
fE
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ol AFEA4A (Ko et al, 2011) 52 2E& Qlsto]
9] SHo] W2 ofFH WAlE AFAIZI7] Sl =
H| 7} Wol| 9= Aupdo| skgtste] g2 7|7k MAlsh=
Ao MAAAEES ol st 2-8-5h7] el %
T oy SN AT WAl o] Har ik
(Marsh, 2000).

41 71 A1) o] ol 7]7he B, 20081 769, 2009
679, 20104 619, 2011 59U A7} Zolxl Fo
UER=T, ol " simict #Al7]|7ko] Bobxl A wWgo]
o] F WAHE SHof|A = vl Eefsittar & 4= glout
o] FALS. Aol Ao & Helt) 7158k o] Wl <l
243ke] JaFolehd Jmo] WRRA|AL 7hEo] ol K147
7ro] Zojx X7 Bradshaw and Holzapfel, 2008) Zi}=
= vehual Q7] wizolth weba] X dow e
[ Agst=Als £ o 77 ZRUEE of & 28

E3F WEol o] WAl Fo5HA 285
£ a3l & 4= itk 2008 E] 20104 7HA]= Al
o] AA| HoJA|X] dko} A &HHQ ZF-= l3f 4K E
A gk = ATk SHARE 20110l ohE Sliek= g 6
ofRt 539 Abgto] o]Foj om, 7H 6o T Akgtol
o|Folx T 8 1U7IA] g & 77to] Algho] o]F 0]z
U FHE F7FO Ao A F2 Z1Tbe] o2 ¥ A
T FAY = WoR|aL Yol Aol AikE Zefst
A Hok o]k AR wolfol WAl 2 A2 A
A FRAEE TFE Yo7t Sl AR fAAEREH &Y
5}7] w<zoll(Newman, 1989), A3t4 o= Ff 74 o] 4]
SiR= fQlo] Eo] mEolo] HAof uje- gt agloR
2851 Elrh =3k 20119 799 LA™ ol 7|7t 5
Sk W7} @A) gbe AEi7E ASHETE AbbA] 9] Fol o
ey Wgolo] AL MEsts ATE 7HA A HH,

& ARRE 71tk oA AR AlekS B1A] ek E
o} of2fgh 7|4 WEolo WAl Fa3k g el
2 Akl glow, AT fAlel & TsiE & Aolth

AGt7I7rel AR HEol o] A Atehe 2008 SET
of o]FojF =t ofd AFE 63.5m= W2 H7F WY
tjot}. o] % 8¢ F7HA] AlETA Abgto] o] FojH o
T2 dfjol= vt AZI7HA] Akt Zlo] 3= e A
TF717F e ol At o] oS EH, 7HE AA W
& ol 13.5mno] LA, 2A7]22 17.4To|ch WA
BEole 13mol o) -t 17 ol 7o = o
ool =4lo] FAETHH Aldtgs-S skt o 20|
e Aom Helth Ao =8 dollA dudh vket &
o] 2t WFolo] At Fol FasHA A48T Ao=
Helt 53] 2tjA| 99 AFe 257t & 5ol olst
2 GojAH ool HAE FEkrlth oFtEo} 2|29

Siberian Tree Frog(Rana amurensis)&= 8~9C o4 S5
AlAFsto] 8h7dof A1 - 7120] 10~18CollA 7 &
Fstci(Solomonova et al., 2011). H]A|ZF 214 9] woodfrogs
(Rana sylvatica)= 7]-2-0] 8~10°C(Howard, 1980), HH=
A7) A9 2] common frog(Rana temporaria)= 5CE g
ook AFgHS St Haapanen, 1982)= T2 d3A59 o
TolA Hzol, vl8EsHY o SRR F % B3 W
AlgEo A Q3% g @9ow X1l Iti(Oseen and
Wassersug, 2002).

Aol JF& F= 718 890e B, WiAgEo] ¢
ol 7P 2 A8-& she AR yEh: e dd
AE =2 AN E 71 st a]loH, Rl
b BEolINE A 7P F87 A o= YERL
otk 2 AollA] 2ol P WA G o= WA
717F B A7 0| B R ofu] R4 F3Rt 7]0] 2o
7] mol2tal & 4= Qirk 2 AETel A T4 EEol
o Alzte]l YFE 4 ths AR YT A 5=

7192 o= A& ool e AR YERge

= FAFE WAL, Sl WE :)o oA =3k
7 @ol] &= £R3%F 732 Q9l(Prado ef al., 2005)2
= HAR7E o3 77 AxEe s AL, FAF
olFolut WS F7HAIA F= 82°] HrkRoy et al,
2004). AefAYe] A Fee A 229k A |
Aol 27t 8910 Hal ltk(Hodl, 1990). 719 EJF FA]
T Ao = = = = 8.%(Brooke ef al., 2000)°]
S &2 AFolME HAo] ge F= AR e
bz o= v7}h go| o= dolle 234 o2 gl vls|
FEE 2OHAIH, 7] RoAlE FdE Kol SAS
7HAAL Stk Wl off 3o WAl skl glom,

£ dollME 22 23E & 4 AHObert, 1976). 2
TH o wgolof altte] YFe F= 2A2 FeEH 5
I, 71belet & = ik spARt wiEolEe] vt gol Wi
7] AR ) AR R o] F8ES sk s Eol ol
25 FollA od 8ole fAlAoR HA|stY ossh=
Aol disiA= SFo = AR 77 3 EojoF & Aol

)

ol
_—_O

ror

=
[Lm
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