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Abstract: A breeding population of the brown frog, Rana ornativentris, was studied at a natural small
pond in an isolated forest, Minami-ohsawa, Hachioji-shi, Tokyo from 2011 to 2013. During the breeding
seasons (February-March), the study pond was visited every day, and the egg masses spawned were
counted. Part of the egg masses were marked, and monitored until just before hatching. During the
larval stage, densities of larvae were estimated by using 20 quadrats (30 X 30 cm). The mean clutch size
was 1,450 (SD=798, N=29) and the mean hatchability was found to be relatively low (0.618), and varied
greatly among egg masses. Logistic regression analysis showed that clutch size and precipitation during
the embryonic stage affected the embryonic mortality of the egg mass; the larger egg masses with lower
precipitation tended to show higher mortality. The survival rate during the larval stage was estimated
to be 7.2% on the average, and thus, the premetamorphic survival rate from egg stage to metamorphosis
was estimated to be 4.5%. The survey of three seasons showed that the survivorship curve did not vary
among years, and the shape of survivorship during early life history stages was considered to be type II

rather than Type III; age-specific mortality remained relatively constant.

BITE, WA O « AR OME « FaEN D 5 BL22EOMPE SR I T Ak
HER B CRIE & 7o > Tk b (Alford et al., Wtipst o Pz b I8 < AR L, Frigh
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WHHAR L » B ) A b Tid, 7RISR D 5
b2 oM A MR EE S R, K
T b b ds X OVRE & FEHLIX I 3 W CHE B fE 1R
IB BlicfaaE S hvie (REUERBREE R, 2013).
SO END, BAFERE I X HKE L E DO
HIBREE O 233 L ERHT S % L O o i3
CEWTE, B vY <=7 BT ATz b
EARE DR « MUK E 7 & 72 o T
BHIENGTHD. LLiehb, T OEKRE
TR« ORI T, BT LSRR
BEXNTW5DEEE 2. Hgl » FR A0
B AR R 5 DICLAETH DA
s o ERTEBRE O % BTN E IS L
LT\5%.

WA O AETE SR, R IR s %58
CEIICOWTU, ot ofl « AR T g
1% < el & h, BN OHER T 2 ~100%
LD TRERERN O TS (Wells,
2007). *f, TOJEAL LT, RZH
(Byrne and Whiting, 2008), {Kii (Beattie
etal, 1991), #fE (Meek, 2012), FLE§ &S
(Calef, 1973), =% (Dmitrieva, 2003),
§71% (Tarkhnishvili and Gokhelashvili, 1999),
fili & (Herreid and Kinney, 1966 ; Seigel, 1983)
T ELIG Tt B ARO X 5 Tnik K TEGE
T AWM T, AR OFAT)CE AR
BIOZEENKE <, EEFEOHRELTIT %
DIINEETH D, IIFETR L OEETE T
2 — X DIFMERWENFEETHD. Fi, H
—{EKRE « BAEE LT ORE CIE T Tkl
<, WRIA S B Ik CRIIMICIE B € = &
Vv ZREAMBELRBEA S KHET
b, A TR o A4 T S W o (R AR
BT TE D, BREERIFOIIECE
7z E ORI TR 5> T\ % (Miyamae
and Matsui, 1979 ; Kusano, 1980 ; Kusano et
al., 2005).
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L7c. ShbofERAMmE L, AfEOLIEL
PN B T 2T ENIT O THEE L.

MR ERE

AL X201 14E 2 201341, EHPAE R
FAR* v v 82 CREEAETFT - JLf#3s
FE375, HRE139FEE2355) OMmEFI10 ha 2o
RERNTIT-> . 2 O A A K
DB EE 7 £ OfEFH T £ h Lz
LTWw5., ZofRMNehsHRM (1=
Vith) CEGFEOMAELZT 7. ZOMmT
TAB R RFEOM, rvFa v
v % (Hynobius tokyoensis), 7 51 /~F 4 €
(Cynops pyrrhogaster), <+ = V — % L7 F ¥
T /v (Rhacophorus schlegelii), £V 7 # % T
A (Rh. arboreus) DEFENHER I TV 5
(Kusano et al.,, 2005 ; F%f, 2014). 1 € Vit
HERKI0 m, ERKI100 m®  iRAKIERIS0
cm, BEE120m €, A FECIRER CE
bhTwad, oD i3I m DSE
o7 v 2ATHERTED, ANDORAXE
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M AN CTERTHE LERAHER L. <
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Zhs L B 2 INc oW TIISEE & AR L.

RO TFE CIRR A1 R D7 INE TR & —
BN B DS E T, AT k1T 58
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IS DAL RIEK D > 1o 4 A DAETRE R
BEDGE S 6 AEHE T, a K5 — M X 5%
A OB AR BHEE & 1T > 72 (Thompson et al.,
1998). 2 K5 —hiciy, KWit4TrER L
7o 30 emx30cm) HH W7 A E Uik
DFSIIIZ, (1IE—EMETH 52 L 20
WRAEHREL, Rzl ca Py —F2EE
WAL, Brtbc#EL, » v v —%H
WIS B S OB (R R A KT BB B
B X v #xte. BbhikeTF—xXy, aF
7 — b Bich OFHGEEEE E RS, 7 —
FAN Ty FEE (999 K1) 1 X b 95%
{5 B X [H] & #E % L 7z (Davison and Hinkley,
1997 ; Rizzo, 2008). = DA% i\ T4k
DEEFRG R R % HEE L.

20134 13 My 7 I M &, KSR S
THOKPES & L%, HToOn v v
N WL T oot 5 HRE= 2 — T
Uy B TR X A BB
# 17 - 7= (Herreid and Kinny, 1966 ; Ferner,
2007). AT 1 REREEE 2 =i X b
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(Kusano and Miyashita, 1983), oD% 3 <1
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R B 2016(2)

ALt SIMOINFEC I ErY 5 2 % B
AW BT AR, v RAT 4 v 2 [AllEE
T (ZHOGHERESAE L, logit & Y
v 7 BBE Lie— Ak = T v) HHGT
fENT 24T\, AIC: & HEHE & L7c & 7 L #IR
#{T -7z (Crawley, 2007 ; Anderson, 2008).
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(Williams, 1982) # 7z, 1IIM47 0 o
ORSETR A HAER & L, PEIND B E T
DK & RRENE, DIy 1 < (—[E08
B ROPEIIH M H 0 PEIRIRRE D 4 TR %
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Beo Atz (32 1). KA O 3%
B LRE v — T30 HIcicdt Lie 7 — &
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BLAT D 7 — 2 A FIH Lic (R80T, 2013)
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JEURED) 1%, 135253,469 & URBi I K X <
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F 1. IR EL L2 AERNOw O AT 1 » 7 [R5 7o TR

Table 1. Candidate variables affecting egg mortality of Rana ornativentris in the analysis

of logistic regression models.

Mean SD

PR HAT (n=29) vy
L ¥ TOTFIKIE Temp  (°C) 7.0 14 5.4-9.9
b % CofBREN R Rain  (mm) 49.3 36.7 0.5-113.5
OBy 1 X (—JEIRED) Clutch  (fi#) 1450.3 797.5 135-3469
PEID E OFREEIIINBEE.  EggMass  ({#) 16.9 9.0 1-26
AR Year 2011-2013

F2. EWIHLERELET CORE AT — DO & EREOHEE.

Table 2. Estimates of abundances and survival rates during each stage of premetamorphic

life history.
TR

2011 2012 2013 ol
PEIRINRAL 72 54 39 165
—JEINE e 1587.9 1601.5 998.4 1450.3
SD 1141.3 276.3 388.3 7975
N 12 10 7 29
R e 0.610 0.545 0.734 0.618
SD 0.279 0.332 0.127 0.273
N 12 10 7 29
HREEINEL 104,422 78,316 56,562 239,300
AR AL 64,533 48,399 34,955 147,887
ZERE IRy O | (5L 2,770 4,902 — 7,672
WA DR 0.043 0.101 — 0.072
FEYR 2 HZERE e & T oA FRR 0.027 0.063 — 0.045

L, 3FEMoOMERLra o254 » 7 [Ek
SHTCRENT LIc & 2 A GRAS HcE Williams
DIEIETHIL), FERICE B 2% i
TEXh oD T (f=2.082 df=2, P=
0.353), 3FEMDOT—2% 77— L TRDI
SE LR R R CEHE L (6 2).

2 N7 — MR XD HEE LIRS A i
iy, B4 A0 6 B ey
L, 6 AR EEMEESHEL
(K 1). ZERE REEAEI WD THER S il
BT DI AR A ZEE R & C 43R ghE
BEL, GAEMOEBRERFHE L (EE2).
HEZIT -7 3SEMT, 1TV ek T 5%
BAT— 22 & OEBRMEEEITFIC X > TK
ELEET D EDG Dot BREINENIRY
60,0002~ % 100,000, AL A 41 24935,000 5>
565,000 & AT LT, X bicghE s
B b 2 il LT, KRR L

T % % THE S o 72 f{£1%3,000% 55,0008
EThote (£2). 7L, 2013FE D4R
AR, R e R R AN e & K D8 b 4
X O HEETEIh -7

20114E 25 BH 20134 D 2 7 — 245 D 4 F 3R
ik, I R TikoF561.8%, SAEIIC s
WTCE7.2%, O b s E A @ U TR
45% TH -7 (F2). M2, Wby
A OHEE AR (HEE BB FRPETI D
e PEIR B o HENCKR L Ol 2 5 7 i
7y L, FEEOEKRMRA R L. R
L, 79 7hOKZECK T HEINHIL, D
EDLIPBLOPEINH o Fh YLl (50%EIN D H)
R, Fie, Bk LIS i Em L
HBCAFEERTHERE RENRETE o
P 720 T (Kruskal- Wallis #5E, y*=0.143,
df=2, P=0.930), &FEOMLHIL, %D
FEOREIN H iz & MH o IR ARI18.4H (SD=
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Fig. 1. Seasonal changes of the estimated number of larvae of Rana ornativentris. Error bars indicate 95%
confidence intervals. Larvae began to complete metamorphosis in mid-June.

1.00
0.75

0.50

0.20
0.10

0.05

N

%

A5k

0.02

0.01

0 50 100 ' 150
FEGRIN S D HEL

X 2. PEEIHAER ERENE TOv~7 0= o4 il FRAERRIXI5 % E B AR 3. BRI AR
A (A o HBLBR G IR A 7= 3

Fig. 2. Estimated survivorship curves from egg stage to metamorphosis of Rana ornativentris. Error bars
indicate 95% confidence intervals. A broken line indicates the time when larvae began to complete metamorphosis.

47H, N=29) #lnz TRtz ZRELRER wZ, Ao E (BHEETHR) HizE—
X, € OFRD THERRMEENMHE I iz HEL ETC, EFMBESEL LI THLC &
BMOMEHE L. R20bWL0nRE S oyhsote (Deevy, 1947 ; B, 2005).
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2. U Z L IR RIS R b2 5 ER

A1 & Y it CERGER L 2o 7 — 2 &
WC, PR & OISR TEIC B A b 2 1T
Whaoxs s v 7bllge T v XL
7o (F 1), FEMNIBIE CoOFIEKIE L
BT, sty X (—EIR%) KOpEgn
HY4 H o pEINIIRE D 4 RO X TOM &K
BRIZOWTAIC 1T X v € 5 4 DRl &
1otz ZORER, Iy 1 XLt E To
R E L &7 ANRADD AIC HA 7 L
7o (3R3). i E 7 v OELEEREIGERE O
HeE iz Ba &, Iy 1 k& <, R
2 HIME E TR s EIIFETER A
B TR B AN D D T ENG Dot ().
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Z =

LEOBERIROTERCK T, Y=7 9
H T ADEINIESE2 Ab 3 AT
HEX R, REININEIL80,0008(#H TH - 7.
FD 5 b, 3 A5 4 FizhdT40,00008 (£
2 (#960%) 2L, 6 A iEE»r %
e RREA B Le (3R2). ARE RREMEA
4,000F2 (EIPIRB DO 5 %) LHEES R
ARe FRE3 8 ARE % Tt 7o, miAE T
I EE S BRI 5 2 L%
WOT, AR AN TR C o R
5 A L X RTuw7z (Deevy, 1947 ; IS M
fi, 2005). L#>L 72235, Petranka (1985)
VXA 7 — 2 AR DFRINC 7 — 2 Tt L
ok, MBS LANMTHS L

3. IR EL G2 2EROe o2 T 4 v 7HlgE T A X b€ T VEIROFER. AIC. DfEIC
IO WOz o, KITHEE L7c/8F » — 2 OB Model probability 13771t > Weight (Anderson, 2008%:A).

Table 3. Model selection statistics for 16 models of factors affecting egg mortality. The models are ranked by
AIC.. K is the number of parameters estimated, and model probability is the Akaike weight (see Anderson, 2008).

Rank Model, K logLik AIC, A Model probability w;
1 Clutch + Rain + Year 5 —12.63  37.87 0.00 0.614
2 Clutch + Temp + Rain + Year 6 —12.12 40.05 2.18 0.206
3 Clutch+EggMass + Rain + Year 6 —1256  40.94 3.07 0.132
4 Clutch + EggMass + Temp + Rain + Year 7 —12.04 4341 5.54 0.038
5 Clutch + Temp + Year 5 —17.99 4858 10.71 0.003
6 Clutch + Year 4 —19.66  48.98 11.11 0.002
7 Clutch + EggMass + Year 5 —18.30  49.20 11.33 0.002
8 Clutch+EggMass + Temp + Year 6 —16.96 49.74 11.87 0.002
9 Rain + Year 4 —2342  56.52 18.65 0.000
10 Temp + Rain + Year 5 —22.32  57.25 19.37 0.000
11 Year 3 —25.96  58.87 21.00 0.000
12 EggMass + Rain + Year 5 —23.40 59.41 21.54 0.000
13 EggMass + Year 4 —25.36  60.38 22.51 0.000
14 EggMass + Temp + Rain + Year 6 —22.30  60.42 22.55 0.000
15 Temp + Year 4 —25.85  61.36 23.49 0.000
16 EggMass + Temp + Year 5 —25.08 62.77 24.90 0.000

F4. IECRCPEL L2 5UROn oAT 1 v 7 ERORFET L.
Table 4. Summary of parameter estimates of the final model of logistic regression of

factors affecting egg mortality.

RN R HEAR )5 R AL SE z {8 P g
YR —0.867 0.288 —3.009 0.003
DBl 1 X (—IEIRED 0.916 0.207 4.423 <0.001
Tl & CoMBETE —0.913 0.253 —3.604 <0.001
R 2012 1.177 0.473 2.487 0.013

2013 —0.317 0.478 —0.662 0.507
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TR L7, BwEOL L oL TIE, AR E
WEOAr —Afilnc 7 m v b L, AfklifEo
EIZ M LT\ Fo o od, BRRZETSR AL
BT K &) T OHRBA T 5 LML T
7o EULLSHBihic 7 ey  LEL TR E
A, BREFECEEOMEAMN B &
5. ARIOY 2T H BT AORERYL, K2
LWL X 5wy 7 7 ETCERT
AEBREREDEA L, B I —E D X
512 2, Petranka (1985) D EiEA T F+
HhDE ot it L, KRB FREEB LR
K, R O BRI GEI F ToRHH
WCHRTE D 2 LikhEWe L, —4E
Zeol U7 AR IR & Raug, ok RiGsw
e Eih s M B oE[ 2R 2 &
RN TEA 5 (Wells, 20075 08).
MRKRICET A Y~ 7 5 H x4 5ER
A OBMOHE L L TA D L, B
fE LR F co « ShAR% 0 U AR 1
59959 GELTEIS5%H) &% < O & [
DFERNBE S tens, IIADFEEHRIZOWT
IR RAEII20%REE TH B DI d b b
T, AFEOMIX40%5 (F2) & EDOMHM
RSt (Wells, 20072 18). X b, IP
WL OEROERITKREL, 7LEAES
HBIEA TW BN S, Witz & A EFRT
BibLcboETRLR, BT L2 ~
90% % TEF L7 = ORI OIS &
DICHR OB T % M LIk R, Iy 1 X
LRERBENINEE RO K E AT EL b
2 TCWHAREN I R S e (F4). T/
bbb, KEIIc, Bt cofhicma
Al o T PIBRIE EFETR AN < IR B EE D
Bonif. ok, EEFRNOIBECE
DAL, EKBESBEHRLTONDZ EER
BLTW5EBbns, KOy 1 21T
1%, 100~3500& K& BB NGFHEL, K&
TIPS 7 B & NI D IME R SRR B R D T
BEU L 7B hd Litiows, B Iir&E -+
BT T v —va v LTS &, BHMEERAA E
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FTHECOREERAMEDL Lic. K& IO
PEBOINIEIEFRBICBFE I D ) A7
e, EERNEALTCHB00nE Lk
. Fhe, BERAD - HEMSMIIK o
Mg RN Tt Ty, WA e H M
< EIRDFE UK OREEHFE R IR T35
b Lhdew., EIROx A IV 712Xy, &
D L5 TRPLICE 2 AL 7 IR b SR SRR B
BRiE S, IO CEN LA T DY A7 Y
2 B0 LitTeo.

oy HLZERE BB ToWEIE, BTl
U WMEGEB O A b, L csha:
DOSBEH ABDOERE LFEF CEESEN DD
i, TRBE X er ot (F22). Z DY
DIECTERIC 1L, R - 28 - Bk - X
B e YK IR ENFET LR TS0 (Wells,
2007), A=V TIE, BEAEHRICX
LheEzbNDL THNTAEY (Cynops
pyrrhogaster), & N 71V (Hebius vibakari
vibakari) 7o EDNEHRN AL 7 v Ao F v
v v = (Anax nigrofasciatus) DO ¥hH, < >
E & v (Notonecta triguttata) Tz & O K4
Rk 2R BlEIhi. e, 7205
1=V IIMELERDO Y~ 7 h T DY
BB L T,
SEIOFTEDFERLD, Y=T HhHT LD
ATERPIC RS 2 A SRR I s\ T, Ii%E
CERNENMERSD D Z EDNT ot 2D
AL 3 v — R v OFEC N THEEL T
W, BAHFELRTOMEM T st S
[l OfE R, IS OINL U 7o kil CRGE
T 5 AR TCOMRTH D, T, T
TR & BE M X DT BB 7 FT CUNZE TR A& i<
Thick TAh, KA OTECER LM O FE
Filb_Em B o Bbhie. &8sk okksth
HAEE S % Mk TR L T BT Y%
BEOITRERT LRG> T GE
B, 2014). Y~ 7 ¥ T A fEN O FEARER
Thoieh OBRIZHH L 57, 5k, RIS
WHUIE T M TR AE, AR T o gp
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TOEMWVINEERNED X 5 BRI X h 5]
SRIEINTHE00HEITE S0 LT
W HIGZ LA TR LT B R O A
AHREL, BB EERMELMET LT 2% il B
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DRI ED LSBT BhEMb
L, EEREOFER - i el h e 5
KEOMRAEHE 2B L THIWIEAS.
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