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Body Size and Age Structure of Mating Couples in Boreal Digging Frog(Kaloula borealis)"*

Sang-Beom Ko’, Young-Min Ko’, Jeong-Hyun Lee”

2 o

2 A WEol 2R AMAE Av|et dFS Blsty] Aste] stk WE ol 2013 6Y AlFE ik
ol AR FANA F 23*‘““ zgstqion, Z AAE 2718 FA4etL AYS Selstich AT 2349
A7 (SVL, snout-vent 1ength) A g do], sigte] dol& AR Ak ¢Flo] ARG AFol] ¥ yriy
A sivke]ef ol ¢ 2 AOE UrEME} %—Pt}ﬂ dol= &Aoo f-of3t Aol 5 Holx] gkqlkth. ”“301
TR 7 A Hit AFL 51720264, YA L 62240284 F UEon, Ao SART o] o
A0z It e WEolY AF L Ha 3 T8 Ao 108704 £23An. WEol #Ae dgat zﬂml
Fo] A BAE BHYAT GRS FulE Aol 5 HolA] okt 2 AFATE BEAVFY WFo|Y BT gl
SYAE FHo] o] 8T VxARR FEE S Aoz JdHn
TR0 XMF, X, F0IF, HA|, Mt

ABSTRACT

This study was conducted to investigate the individual size and age of Kaloula borealis, a pair in amplexus.
In June 2013, the total 23 pairs of Kaloula borealis were captured in the wetland located in Seongsan-eup and
Daejeong-eup, Jeju Island. Size and age of each individual have been examined and as a result of analyzing SVL
(snout-vent length), weight, length of forelimb and hindlimb of the collected 23 pairs, the females were shown
to have the heavier weight and the longer SVL and hindlimb compared to males. No significant difference
in the length of forelimb has been found between the female and the male. The average age of the male of the
pair in amplexus was shown to be 5.17+0.26, whereas the female was shown to be 6.22+0.28, which indicates
the higher average age in female compared to the male. The age range of Kaloula borealis was distributed from
at least 3 years to 10 years at the maximum. A positive correlation was shown between age of the male and SVL;
however, no significant difference was found in female. This study result expected to be utilized as an important
base data in establishing the preservation and restoration strategy of endangered species, Kaloula borealis.
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Folth(Yang et al, 2001). & = HE7|E2 WEo|
M2 £ Hos}y] 93t Aor Wgolrt A3V|E & o xR
O A A271¢F A IRl rA MAES aEHL
FAFAA WS FEHS FASH] f8f ofF Fagt B WY QS AR Ho A wehs FE QdF
dolrh. AFA el WAS 9%t v A Aee diks] gt FAA AR =Y 4 Sle AERE Y 4 gL, E3
AR B AFASNAA A&A ol FH 95k MATE 54 2 F HES FAT 5 US A2 HdEo
AF7F o] Foj AL Qe AfAES g ol AFA ATE AAISHA =i
AA7IE S 7Y 27, 2oadd UE dF, 4% 5ol
ol" JFZ Fe7tel Het HHde #E 2 AdS F9 of J1HiEH
Al 211 Qlth(Gerhardt et al, 1987; Telford et al., 1989;
Sullivan ef al., 1995; Marquez ef al, 2010). o] A& A F 1, ZApEHH
b H 7 AeIske g9 21 ehekel 2ol muptil
pad, §HE Fdst7] fgt &5 o &2 W& 7] yEo] T A7]eF AR g9l ¢fsto] 20134
o] th(Bastos and Haddad 1996; Sullivan and Hinshaw 6Y Al Ak AlAte et dake] SAoA 16%, A
1992; Cherry 1993; Liao and Lu 2011). %A &9 vj$-=} StE Yo &R oA THE ZTste] 2 2349 WEo|E X
Ae A5, o]l 3 AEditts dioie &wa gstqleh ik Al A= ol AR 4 9o
gl 2o 37], FodE £ og QoS Aoz YAt glom WA= F Aol oy A= R
AR F8& de #AZ dgHo] Addit= Aot s o] dRT FAR gopslth Jakg ke A=
(Davies and Halliday 1979; Bastos and Haddad 1996; A dofl jA|star glow, Fo] &A 11of Sl FA0]
Taylor ef al, 2011). $70] GAL Aests HoL )4 o A S stEe FAE shEeeEA Fo §x| sk
o] FA 5ol A2 BASHA HiL, o] H3t BN 95 om 4t Eol 1o} Sl FAofth WEo|Y XYL &
AAT 270 GAS AT 71938 A AolthAmizen, T EAZ olgafel AU % AA 2L 1%
1999; Llao and Lu 2011). ¢t#o] $7& AEsEr 44 MS-2228 up3ste] Fastich. HASH Hol= A%

o] A Mest=A o whet Fupeh ke Aof=
AARE FAF WA Y HFExke A AN dAL
F300] 2ot Ae5A 4Bt Aol

Hisel Ao 2le $ad adow L4g
Zol 2717k 2 AL A2 ARk AAeA $918 A4
& 5ok adoz Aga AN HeNE AU
% Sl B8Ol RolA 7| tRolth AN + AR B
A7le] dgshe Qo2 = A9t 59 A7)0 A
7} ek A+ A7} QI t(Trivers, 1972; Harrison et al.,
2009; Bell, 2010). & t}2 A Fo A = (Andersson, 1994;
Byme and Whiting, 2008) =o] 23 ¢ A7 @2 A7}
AEEC] w1 H AAxds &7 gol of A Eet
H ATHeE $AHES wole AL2r 7|55 ltk(Liao
and Lu 2011).
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£ 6714 92 Re Aat BT AT
olE gl o E(Shaplro—Wllk’s normality
test, p<0.05) & ] ZR Ao R FH v HE

Z7¥H 9l Mann-Whitney U testE ©o]-83}o] EA3514 1
SVLT 02 o2ale), daa) 9 ae Aold] ApAL
H| L4 ZA ¥ 2l Spearman correlation &2 EA 3¢ 2
E EZAE A2 SPSS(statistical package for the social
sciences, ver. 21.0)5 o] &3l9 o, §93E2L 0.05 =5
5 AZoE S9N Bt R ANY BE 3
B YA+EE 2 A (meantSE)E A Al5E 4T

4
LA ol Ao EFHE Huet A3, A
AR A%, Wy o], My F, sithy] dojrt 41
Xﬂ?% g £AL Ao g Yelgti(Mann-Whitney U test,
SVL: U=426.5, p<0.05, HL: U=497.0, p<0.05, HW:
U=395.0, p<0.05, HLIMB: U=431.5, p<0.05, BW:
U=426.4, p<0.05). 3t WFolo srrte] Zol= b
Atolol foJ3t zto]& Kol ¢grekth(Mann-Whitney U
test, FLIMB: U=296.0, p=0.48, Table 1)
o] 270 AHL e s71A 9%
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m
=

Fe 54 FHe

B o] AHBAE 2o Aol

245 vlesh ezt 2

I AFo] f EAL Ao E ey thSpearman correlation,
HL: r=0.60, p<0.05, HW: r=0.90, p<0.05, FLIMB: r=0.61,
p<0.05, HLIMB: 1=0.89, p<0.05, BW: r=0.84, p<0.05). o}
A WEol= SVLY we] o], we|F, Sitke] o], A%

Aolelt ko) HRBAS

1 9 © Y(Spearman correlation,

HL: r=0.55, p<0.05, HW: r=0.43, p<0.05, HLIMB: r=0.60,

p<0.05, BW: 1=0.67, p<0.05, Table 2),
3 ATBA dehtA
FLIMB: r=0.01, p=0.97, Table 2).
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Figure 1. SVL and BW difference of mating couples
Kaloula borealis

Table 1. Morphological characteristics of male and female Kaloula borealis (mean+SE)

in

Sex N SVL (mm) HL (mm) HW (mm) FLIMB (mm) HLIMB (mn) BW (g)
Male 23 45.7+£0.81 9.3+0.26 13.3+0.19 19.7+£0.29 44.9+0.37 13.6+£0.67
Female 23 48.1+£0.53 12.3+0.32 14.0+0.14 20.1+£0.24 46.6+0.24 16.7+£0.58
Table 2. Results of the Spearman correlation analysis of male and female Kaloula borealis
Sex HL HW FLIMB HLIMB BW
R 0.60 0.90 0.61 0.89 0.84
LM
SVL M) P p<0.05 p<0.05 p<0.05 p<0.05 p<0.05
R 0.55 0.43 0.01 0.60 0.67
SVL (F
(F) P p<0.05 p<0.05 p=0.97 p<0.05 p<0.05
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55.60~105.49)2 3215 9] ch(Figure 1). 10

Lol e BHolH S £t ZH WEo| 9| AL hematoxylin o1 &2 Femse
of 95lo] AstA dME LAG(line of arrested growth)2] 81

75 Aol Sskith(figure 2), 719 Bt AP 5.17+0.26
AF (n=23, range: 3~8), 4H - 6.22+0.284H(n=23, range:
LR A R
Hwsle] f =& 7oz eyt o (Mann-Whitney U
test, U=382.0, p<0.05), ZA 3} WHo|o] BT 2z
- e 3ARE o 84, IAHE a4 44EEH Y 104

24
o) Ao 2 shol s frh(Figure 3). 22He] WFo] THA |
o Ady Apol= Hat 1.04+0.314H(n=23, range: 1~4)
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Figure 3. Age structure of Kaloula borealis
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Fo] ArHIA 7} &0l & %} A 9H(Spearman correlation, r=0.77,
r=0.65, p<0.01), A9 F ol FALGoR Fold 4
TAA 7 eGR4t (Spearman correlation, r=0.39,
p>0.05, Figure 4).
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Figure 2. Cross-section of the phalanges of Kaloula ‘_Eﬁ—?‘_ E 001:'%‘3'_ R e 71%} A4
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Figure 4. Relationship between age and snout-vent length (SVL) of Kaloula borealis
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B olFe Y A AlFY Bl 2E oFFe] #
Ofg ol A A et ol $Ao] £HE 8] 6l
Fol & YRS Yy or 2u Q= AoE Helth o3t
0] = Weis(2006)2] Kaloula verrucous EZA Ao A &
Lol A7 7k w9 Zar oFAlo] FeERo] Q= B,

eI

S0 QS AEshE Aol Felv] wEo] X £ &
of 43 Fo2 2L 4 HE MBS delaL 7] ulEel e
2 AZPET B A7) BEAN SAS0] Bol 2 AL AlY
Bohe A PARE £5 WAL Yol FoU adlow
gstn Qlek. BE FAFAA A9 B9 271 44
o AxE o] 7] Wiz ofl(Halliday and Verrell, 1988) 427152
Herdom Bo| 2 o B ol2n, o AL A Bol
S48 e 0L ol MY 78S $9 4 ol THs Al
Q7] wjEolth(Marco ef al, 1998; Hettyei ef al., 2005). whehA]
Hj--2F AElofl A o] A27]= #3719 AEE AT Fasgt
aolojgtar o 4= qlrk. WFol= Sk 9] B9, Aol A

g

T
o

AR, drhele & AolE HolA At A4l
FEold B FAFY AL etz dAF 36
o iZofl Shebe] Z&o] W E ofof WAl f-2jshA A&
Sttt Yekta and Blackburn(1992)) 9J3}H Rana pipiens ©)
Ao dhobe] &5 AtolA Ao YA ETG 59 277}
Aol EFetal o] YA ET F&o%o] UA vEhH,
o= &A7] F2t 3lo] AR} L Glojoksty] wfo]
o AL AT 2§, ARITRA] =AM A 7R =
AR ZHfopstal Y FolA= o A AAEHA
U AT e S Hof 7] fle kel E A
= 3t} (Duellman, 1992; Peters and Aulner, 2000). ©]2 % 7|+
glof A drhels HAFgE] Fa% AA Bz WEeldl
A= A0 doheE o] &5to] Abgho] o]Fo]d wf7tA]
A L glojopsty] wfZof Shrhe] o) o] W Eofof
ot A E T Fo| Zof thE H9|= Aol ® et o
o] 27]ol= 2 Zol7t §le AL yrhtar itk

BEol o] A w9 7 B Aol A HeY
Zol, vl &, AlF, Svhe] Zol= o BF AHHATL &
A Wil o, dAolA shehe] dol= A 3t
of. WEo|eF 2 £ K verrucous®] Aol A= ZHEE
o 7 91 ZAolA v Zolg we| &, AlF, Atk
Zolo A= AudAZE A4 vl 1, doke] doje A
HHA7E FA K Wei ef al., 2006) & A2} S L5HA e
Wk
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B
A

24l glof sk AR AF2f Apol= WA A
ol ot Fastth. ezlo] =7l Hls| Aol
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L Folo dyPAE 21048 Ueon, 37 Ay
ool #A LebgTHKo er al, 2011). o)} ¥ wsto] & el
oA A A7)0 olah Wigo] el ATl 104
2 5L Ak R, A Ha 4 A7)0 el
St 0] AR 1 w2 WA Foldt AL e
B PR GFAROA B 4 Uk HOR, SR HA
%& 9ol W3] 1 A= wh27] ) Eo|ch(Ento and Matsui,

2002; Lee and Park, 2008). o]t ZA}oJ A= oA o] £A K CH
Agol #A veuil gled o] A e FAFIANE &
§roz PAYE Ao Ao A9 Lo A
sk 3e AE ojulaith 270 +8o] AR HL ol %
= YAZ AR et ALY AT /-, e
Asto] AR A =Ed FEO| 7] wfiEo|(Shirose et
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5, BENVIFA YFol9 EH HE % AN
S, ABFAS B NN BUY 22 B AT F
NEARE B8 A0 JgEt



286

=
>
oE

fd
of
=)

=
=
ol
ot
i
rlot
o
oz
)
Lo

3]2] 28(3) 2014

REFERENCES

Andersson, M. (1994) Sexual selection. Princeton University Press,
Princeton.

Arntzen, J.W.(1999) Sexual selection and male mate choice in the com-
mon toad, Bufo bufo. Ethology Ecology & Evolution 11: 407-414.

Bastos, R.P. and C.F. Haddad(1996) Breeding activity of the neotropical
treefrog Hyla elegans (Anura, Hylidae). Journal of Herpetology 30:
355-360.

Bell, M.B.(2010) Sex and age influence responses to changes in the cost
of cooperative care in a social carnivore. Behavioral Ecology 21:
1118-1123.

Byme, P.G. and M.J. Whiting (2008). Simultaneous polyandry increases
fertilization success in an african foam-nesting treefrog. Animal
Behaviour 76: 1157-1164.

Cherry, M.L1.(1993) Sexual selection in the raucous toad, Bufo rangeri.
Animal Behaviour 45: 359-73.

Davies, N.B. and T.R. Halliday(1979) Competitive mate searching in
male common toads, Bufo bufo. Animal Behaviour 27: 1253-1267.

Duellman, W.E(1992) Reproductive strategies of frogs. Scientific
American 267: 80-87.

Ento, K. and M. Matsui(2002) Estimation of age structure by skel-
etochronology of a population of Hynobius nebulosus in a breeding
season (Amphibia, Urodela). Zoological Scienece 19: 241-247.

Gerhardt, H.C., R.E. Daniel., S.A. Perrill and S. Schramm(1987) Mating
behaviour and male mating success in the green treefrog. Animal
Behaviour 35: 1490-1503.

Guarino, F. M., F. Angelini and M. Cammarota(1995) A
Skeletochronological analysis of three syntopic amphibian species
from southern Italy. Amphibia-reptilia 16: 297-302.

Halliday, T.R. and P.A. Verrell(1988) Body size and age in amphibians
and reptiles. Journal of Herpetology 22: 253-265.

Harrison, F., Z. Barta, 1. Cuthill and T. Székely(2009) How is sexual con-
flict over parental care resolved? A meta-analysis. Journal of
Evolutionary Biology 22(9): 1800-1812.

Hemelaar, A.(1988) Age, growth, and other characteristics of Bufo bufo
from different latitudes and altitudes. Journal of Herpetology 22:
369-388.

Hettyei, A., J. Torok and G. Hévizi(2005) Male mate choice lacking in the
agile frog, Rana dalmatina. Copeia 2: 403-408.

Ko, S.B.,J.H. Lee and H.S. Oh(2011) Age Structure Analysis of Kaloula
borealis. Korean society of environment and ecology 25(6):
861-866. (in Korean with English abstract)

Kyriakopoulou-Sklavounou, P., P. Stylianou and A. Tsiora(2008) A skel-
etochronological study of age, growth and longevity in a population

of the frog Rana ridibunda from southern Europe. Zoology 111(1):
30-36.

Liao, W.B. and X. Lu(2011) Male mating success in the Omei treefrog
(Rhacophorus omeimontis): the influence of body size and age.
Belgian Journal of Zoology 141: 3-12.

Lee, J.H. and D.S. Park(2008) Effects of physical parameters and age on
the order of entrance of Hynobius leechii to a breeding pond. Journal
of Ecology and Field Biology 31(3): 183-191.

Marco, A., J. M. Kiesecker, D.P. Chivers and A. R. Blaustein(1998) Sex
recognition and mate choice by male western toads, Bufo boreas.
Animal Behaviour 55: 1631-1635.

Marquez, R., J. Bosch and X. Eekhout(2010) Intensity of female prefer-
ence for call source level in midwife toads Alytes cisternasii and A.
obstetricans. Behaviour 147(9): 1185-1199.

Peters, S.E. and D.A. Aulner(2000) Sexual dimorphism in forelimb mus-
cles of the bullfrog, Rana catesbeiana: a functional analysis of iso-
metric contractile properties. Journal of Experimental Biology 203:
3639-3654.

Shirose, L.J., R.J. Brooks, J.R. Barta and S.S. Desser(1993) Inter-sexual
difference in growth, mortality, and size at maturity in bullfrogs in
central Ontario. Canadian Journal of Zoology 71: 2363-2369.

Sullivan, B.K. and S.H. Hinshaw(1992) Female choice and selection on
male calling behaviour in the grey treefrog Hyla versicolor. Animal
Behaviour 44: 733-44.

Sullivan B.K., M.J. Ryan and P.A. Verrel(1995) Female choice and mat-
ing system structure. In: Heatwole, Sullivan, B.K., (ed), Amphibian
biology. Volume 2. Social behaviour. Chipping Norton (UK): Surrey
Beatty & Sons, 469-517pp.

Taylor, R.C., B.A. Klein, J. Stein and M.J. Ryan(2011) Multimodal signal
variation in space and time: how important is matching a signal with
its signaler? Journal of Experimental Biology 214: 815-820.

Telford S.R., M.L. Dyson and N.I. Passmore(1989) Mate choice occurs
only in small choruses of painted reed frogs Hyperolius marmoratus.
Bioacoustics 2: 47-53.

Trivers, R.(1972) Parental investment and sexual selection. In: Campbell,
B. (ed), Sexual selection and the descent of man. Aldine Publishing
Co., Chicago, 136-179pp.

Yang, S.Y., J.B. Kim, M.S. Min, J.H. Suh and Y.J. Kang(2001)
Monograph of Korean Amphibia. Academy press, Seoul. (Korean)

Yekta, N. and D. Blackburn(1992) Sexual dimorphism in mass and pro-
tein content of the forelimb muscles of the Northern leopard frog
Rana pipiens. Canadian Journal of Zoology 70(4): 670-674.

Wei, Z., H.E Jia-fei, L.I. Ming-hui and L.I. Wei(2006) Behavior and mor-
phologic adaptive selection of sexual partnership in a population of
verrucous  digging frog(kaloula verrucosa) from Kunming.
Zoological Research 27(2): 169-174.



