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Summary

The information of life history lies at the heart of biology, and it could shed light
on the evolutionary adaptation of strategies animals use. Fresh water fairy shrimps
(Branchinella kugenumaensis, Ishikawa 1895) have been discovered only at
Hsiang-Tien Pool, Yang-Ming Shan National Park, in Taiwan. This is a temporary
pool, which is filled by the heavy rain of typhoons. Larvae of B. kugenumaensis
hatched within 24 hr after this pool is filled. Then, their growth can be divided into
5 stages: (1) exponential growth, (2) linear growth, (3) growth pause and egg laying.
If the pool dry out, all fairy shrimps died, and the growth pattern of this cohort is the
typical “single-S” shape. If the pool.is filled again by later rain fall, this cohort will
proceed to the later stages, (4) linear growth and (5) another egg laying, and make its
growth pattern become “double<S” shape.

During the period from July to November 2004, Hsian-Tien pool was filled four
times and last for 4 periods (P1~P4). Fairy shrimps occurred only for the last two
period (P3:from 25 August to 12 October, P4: 25 October to 10 November). The
occurrence of fairy shrimps is related with whether the water depth is over the
minimum threshold or not. During P3 and P4 wet period, the adult fairy shrimps laid
their first clutch of eggs during 11h~13" days, with average body length 16.8 mm
(SD=1.1mm, n = 73) and 23.0 mm (SD=1.5mm,n = 131) seperately. The following
heavy rain fall filled the pool and sustained further growth of P3 cophort. Finally, the
maximum body length of P3 cohort reached 27.5 mm (SD=1.9mm, n=58). So, the
the growth curve of P3 cohort fit “double-S” shape. However, the P4 cohort still
keep the “single-S” shape; their maximum body length was 24.2mm (SD=1.0mm, n =

134) , soon after their first egg laying. Although the P4 cohort grew significantly



faster than P3 cohort during the early developmental progress, the maximum body
length of P3 cohort was significantly longer than the other cohort.

Under the temperature of 24°C, the soil the pool bottom surface, which contained
hibernated eggs of fairy shrimps was cultured. The growth pattern of fairy shrimps
was expressed as  “double-S” shapes as P3 cohort in the field. The larvae were
hatched within 24 hr after water was poured into the incubators. It showed
exponential growth after hatched until about 120~144 hr. Then,. it changed into linear
growth, and became sexual mature at 9th day. They laid their first clutch of eggs at
the body length of 17.3 mm (SD=I1.Imm, n=13) . Fairy shrimps stopped growth
during breeding stage. They started growing again after 7~14 days of egg laying, until
they reach the maximum body length of 25.57 (SD=1.7mm, n = 13).

From the aspect of fairy shrimps, every rain fall likes a gamble—put your stake or not.
Once the lavae hatched, the cohort'will be better to lay the first clutch of eggs before
the pool dry out. Therefore, +“double-S” growth curve could be an optimum strategy
under two selection forces—offspring guarantee and increasing fitness. From the
aspect of hibernated eggs, unsynchronized hatching can hold a steady benefit under

the unique rain fall style in Taiwan—irregular occurrence, uneven precipitation.
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4 75 ¢ (life history) 3 A # 4 + & %= ¢ 7.« (Sterns 1992), = im - 84 4 4
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parameters) % .7 (Sterns 1992, Wells 2003), igd $-#icv 2 £ 2883 < ] 5 B
ﬁ o 2 30 & (length at sexual maturity, LSM), i & (growth rate) ~ & =

+ (asymptotic length, L)) % © &% £ 2 &2 p= F § B 5 > bt ‘51 P& 7 (hatching time,
TH), = 3 P (age at sexual maturity, ASM), # 7ai¥ 8 (interbirth interval, II), #
~ 2 & (longevity, To) % ; ¥ ¢t % & & 4 Z F (fecundity, )7 F v 4 ¢ age-specific
reproductive rate © iz S8 Fo g it 2 2 REBEFT AL Lo B Sl 45
(survival, s) 2 % 7& (reproduction; 1), @ & B S #ch ¥ B § BT H 5 A
(fitness)(Sterns 1992, Charnov 1991,2001) « % fe 4= fa e & ¢ S8, & pr I g,
PREFALED AT EGRY, AET P ORB S 2 B F 2 (ecological niche)
SR A a3 g o
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WA - M E G Rk R, R T A - EY RLRTOERN A
Heprp B TIRGTER G R B R L, b1 ¢ 152 ENE o
4 4 ¥ B (community) % = ~ 3= & (predation) £2 4 3 # £ (competition) i %
(Schneider & Frost 1996) #t, » ¢ R4 F33%Ek B T 02 F 2 iE ¢ (Hildrew
1985), # % 2, teipdpdlavkEgEy 2 52 H o B kgFm AT T - &, T
TR R N RE Bf#«?m kg P, 2 B % TR T?m , i

FE 48 % chat 3 o

&
=

t o, @ in < ER fu(Branchinella kugenumaensis, Ishikawa 1895)& m % s 3%
KRPAR I EEPFE TS %??Fﬁé B ATEEOR R A Bk - B
BI(HR&¥ 1991) o @ iR tdfdl 5 - Rils G AT s B2 3 k2 7 Bagd b,
HaffmEp » 1% A (Luc & Denton 1997), B # & 5 B Wi LB P L
BRS Blee 22 (bh& ¥ 1991, W= ), 1388 hg LRl v A 2 feiesr
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k4 d e, HY ﬁ»#?ff'ﬁ‘ﬁ, TEFZEELDP L, B AR 25

Class Crustacea
Subclass Branchiopoda
Order Anostraca
Family Chirocephalidae
Genns Branchinella

Branchinella kugenumaensis (Ishikawa 1895)

IR EEEA S - AV A F, KRR @A, R ~ MR E 7
It - Bk A S b A G apE T, g RPER S AR (ST AR E R A L
TR A2 A4 Ed (FR&H 1991) - f1* mATA S £ ik s B
AT AT R H G ik X R Ji@%ﬁ%a kg k21T -
KERA KRB L o d - AR A A ® S Aod S EX, F S KITES TR
4%, FIrHEEEG T, AVAS A 2 EEF s £ - k4 4
FAFHFE, F A RRE AR RS o F R FS o

H&% (199 M in big At T 4 AT ¢ F |, P nigh
WAR N IR A SPA W R o - MBS DS R, AP SR € A

hoo k@ 30, a G BHS 28, A LB, HEEFOLEEY N BRT,
PSR- B E STARGS L B ARRIT S R R AL ERT A

P k&% (19D)F R A I RG22k I, 2
BRPLPERAA, Ko CilF- BREFS, BHLAKRGSGREEZ2E, 23 % -1

B PRRR, B ﬁﬁﬁ—iﬂ,&ﬁiﬁm$£$ﬂ,éﬁ%%m$£
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RB42 7 255 A2 E—A i, G v %6 S bHE Pl SR
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BT K 10~14 X PFgiE] (FR&% 1991), B3 T - ek REE A L Bk, @
AR AELRI R Y R F R T PE PGSR TR, 22 LR
2004 £, A4 2 D AERZERFE, B F AP AR 40 DB
B(Bl=), " 28 & 20C~25CR, mL 1 R85 155C& 20C /¥, @ » % 3 ek

B, o ~d 1 EF24C, A a0t BRI L <0 4RlEF 18T -

TOHRRALR
%qj}%‘*#&% (1991), ;-3 eI IpFF g d o b 7 Rent R

BerE A IR, Bl A s SRR (S, 2 24hr B X 2, e AT G 0K
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AT, FERRF IR R ML, R F w2 R E 200 £
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IEgrts A L 100g e ] & 9 At BN R N s o it pFE~ 100g - 200g. .. ~
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*ORAER] e P A (S % G A SRR

1= $ (sexual maturity): $piE 0N A P G R OE T (R Y
13), 220 02 2130 R 08 chif K (chasing) 7 5 (BB & 14), fa i & R an|$7iL 8 o 4 4
IBEDRRT, FEOE S RI) LR EEY 5 RE 50%0 B E DR
P, STITRE PR, i o B & #4(age at sexual maturity, ASM) ik 5 o b pF gl
£ P 5 = 348 £ (length at sexual maturity, LSM) »

B+ & f(Longevity, T,): A AFF P B X2 B AV AFERET,

Bt B, 3 3 BARE P MO oA I B P oen 5% P AT IS A enpE R (3F
ERER S G EBMED M EREES v 9 5%) -

A “P#(clutch_size, cs): = R 2 Ppfh, ¥ EINT P RO IR PR R (S,
¥z # o~ Fdh A S00mL A PHIEG 7, BB AR -FERERREY, A
PR TN VRE B IR RAR T R o S3F 13 X (5, BRIty r R o
T8, MEAS NRIEHE S, R kw REEH o PSR A SRR € AR
AP RN, PUFE R D T, BT L A Pl TR RRPE TR

S HFIEEA R IRAY Ao, IEEE R IEE T o

13



- & B X ¥ 2552 8
2004 £ 60 3 120 B, SEEANE F-o £ SFO Rk B (R,
), 1 k- F(BHRR)E B A(BpATRA)A G ® 2 # A R E PR,
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P3: A3t U Heh (8 7 23 R 25 p)RF AM, >80 27 p R
¢ KPR RAZEA00cm 2, B H k¢ L F Gk T PR sk R BEINR] B e A,
PR endo X E A A3t 24 P Rt ARl R s N P S AR o PR ER
ANEZPOF LAY, P e g T EiAA, AB k9 7TpER Ak, Ef
Pk - EANG L 100cm SR By A g e s R A B AR 4 iR B (A2 200
G/ =) Fus pat Kd o
BRI RFLE, A B WA O I0P 290 12p R, YAl B
X G, kimE T 300cm 2 F(Ble b), 2 {8 X FiEp TRE, A9 8 21 p R
T, TS CRBPIVRELe L AR K=z X% R (9?2 23 p,26p,10 2
2 p), — AR e X s M RFAF R aR R, SREFKIEHSA M
150cm(Blz b), £3/10 % 12 p FlAF #FF 5 a4 o 2 §00F] WA= X
PR, BREGR AR R, TR A A eI 4 A
PRk B M P, @ P3 vk A BB E I AE - B2LY R R o
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P HeEsOEE, PR RIEA TS BRI 8 p MIR(11 Y 1 p )R,
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(SD=1.5cm > n=47), i& Pearson correlation 4 47, % J-K 277 "% cng F & KRR
2 REEFEMI(r<0.1), ¥ 5 B F ORI AR F (< 02), Fp T ok R
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SHEFORRART A, AAFTO R Y E g Y g T 25k
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1. P3 cohort

|n5

P3 8RB - kB, [ E0 KR S A ATens B F)p

B 80 24 P A (s AL e

ETIAS

AL ETPI B DI LS, B
— cohort ° ¢ cohort z & Z 3 9 ¥ 1 pARF B, LPEFRHE TSI 1570+
SD1.18mm (n=>58), g fd b gy @ Pl 8, AREpHEINT PR P BER A
WAL T, R RSP L PR, Ford gt St - cohort 2 2 14 S & (LSM),
AP LB RAX1EE 8P, 5 P3cohort 2 & B # #(ASM)- ¥ ¢ ch R bk v

OB 3 P(BARAREFH 10X ) kG NIk Renderrrpf, LT IOME S
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R, A a8k LG % a3 £ (ANOVAP>02) -

Acohort>*9 % 10 p 2 9% 12 P& xMais, WEEdod £, 2K
o R[S, T35 K@ X 5 1.88mm/= , »H 48 £ iF 1 24.53+SD1.85mm (n
= I2)FFiEr» 5= XchAPE Y%, 2 652 ais, BHLIARIRAEL, &
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cohort #T3¢ B B 4Y, >N 4E R (iE 2 T, 3% 104 P TR I 5% B R 5 R3S,
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RHER 107 24 P EE AA, AR A 100 25 p (R2), * 10
P26 P e R RIFEAZIE 350cm, k¥ A D 4R% cnenEit BRRF A B, 4 - cohort
S BT AL 100 25 e il A 1P (58P RBP4y, T
PR E 5 17.03+1.33mm, [HepihB R pE i mr e, 2 1100 4 p (5 11 p)EB
FI2F 5 47 Pupt, T Eoml Egd 23.08£1.48mm (n = 131), 2 15 FlE 3 FE At b,
Aok 1L 5 piags At 11 2 10 P 23R§0IF]) AT PRI A Y <, -
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A1 BERH
BEAIRET, PieRELAERIFET AR, XFE 91 X R (R

T)e A AR EK 24 | PR DL, I 1S 2448 [ R T 5 15 & & %

B, PIREEREPRRFAZ 3BT, A NET 5%PBER RS -
=
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Pie A LERE IR, DEBF L - EFEF(WI), THLEE 13
T, FEApEie, ME T35 1731SDL.1Imm(n = 13), $ gl BAge ~ &
PR, EANA PN T LI PR O RR P, F R R A1 A
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2

Fie, WA LA A

|l

13) (2 2), i8r % - g Pk o B, 7 ¢ -
F]pt o2 25.574SD1.68mm(n = 13)5 B A4 E; F A - FEL ¥ 104105 % (£ #2
B A F 93.69~94.59%)ts, AR F] 5% AR v aE FES B 111 X, Fp
1045 = 2k Azbh*d 6 o
A LR PIERT PRI ASS R, B A ST BIFE(RS
D)o % — PFE(MM 12 120 ) FFP SR E S B A2 F T, LTHEBERR, 840
£ dn ot end £ RN 2 B anil £ (L)t p (TR <hBd %
L=0.5xe"*!"T R?=0.98, e =2.71828, T<6 1 -
b FFERR G SIS RERFRF, 37 50 5 s
L=1.7902T - 5.72;R*=0.99, 6<T<13 (2) -
FZFEER S P ARIE S A TS, R E R A PR, SR - PR 1S,
PieRIEARARE Se I ERMMEL L) E 2 A AHE:
L=1.8T-12.276, R*=0.98, 17<T K
P3 -P422 4 133 4% B et
XA T b Zedr R A B oend £ 5%, P3 cohort 02 £ iEAR § LT A
1R AR 2 BRI v ), AY - ZAPHERRE S K,
BRAAME, R ARET R AMES A1 E% 8T Y LB (ttest
P<0.05)(%-), fed ] APHEZ B+ ZEP) 7B F o i & P4 cohort cH £

PV, PR RAR - T FREIASHE, A ERRG D FRSE EHGY, A

k< B B A 1K e dk R AR F oL B (ttest P>0.1) o
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Z %" #&(Clutch Size, CS)£ ¥ & %2 £ (Body Length, BL)2_ B %

PR enA PR R E TG A F AP BE(B ), A 2t BE % &7 e ¢ cohort B
i3 BEFSHLBE(GLMP>0.1), ¥ 11— & i fFst ki

CS = 0.058xBL*""®, R?=0.92, n = 88, P < 0.001 -
¥z 2 o vp A PHcP SEEFRMAN LA B e o PR e B AL 20-23mm
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i B8 g 3 B (fitness) B &, B K ﬁ Nl R R ﬁ A P, » ,T*u

BRI A 35
#OKIEIFTR AT B - e, MR @ﬁ%mﬁioﬂﬁ%8¢ ¥ AT ALl
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WEPS EHN: LM d hehA B d R, 4 LA Ehdnd £, B
FP AR, SEEE fﬂﬁf SIAd e e i iaip =+ L7, frk
ﬁﬁﬁ“&ﬁii%ﬁﬂﬁ,#ﬁiﬁ- AW SA £ G o fp BTy o
WA TG AR 0L e RS edR 2

ﬁ*‘ui%’f“ iR % A E A eIk (allocation theory)ehd & kg, 3 - 4 ¢ i

FoZAAWE NI AT, At FL NS PR RGN R T B

N

£, BRHASRMFG RS PWE, DB 2, PRGE R 2 TE P
Flt, T § AEDBRHA LIRS TR ECEE A A ot AR
1% e+ e F(Stearns 1992), @ ig ik e0ieg Ar & A e £ 05N fj*u{@ 5
[ B SRS o FaR Y SRR, FUIEH S R BEFER e R
EHEXLFF B ML A PRI S, ot L HF & o5 Streptocephalus
vitreus , fdk hff oK pRER B RE, BRI RS B AL 2 A rias
B ST ERCE R K Ep P cn B 48 (Hildrew 1985) ©
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- B, FRRRTAF A RE RR AL T A HE A B A e, 7R
BER S ENGEL ] F - KA E o

feApF e, FE Y RUEOBE R R A R, AL Rl A PR,
TE IR - BN RAL, 4 fq\rﬁrsbﬁ Ea e, TR A
PISEORFTIFY Mt - REEBORBAFTE TR, §HET R oa F A
BHREDRELAE, PEFLEEAE, EFESME, AT AR PP o TR R
B G HEE PR T, ki B R o

Pn IR A A SIAlens KRN A RS, RS k&R (1991)F 1,
fOAMLFT P, A A 1A% 2 I 0k B (P3 cohort)ehiedk, W AR - R
oo AN EFT, PrEANRL ARG, B2 LKA LR
HEp R ET R - FE rﬁ’i“$J BAE A L oehikab H, R R IR B
BL BB £, PR L@ T kb Ep R o AT NP ASR - %
Poig 2 K2, g5 kA RESE A, ROREBASE R, T X0 5%
) E, ¢ B P R e T Ik, RAPREGRE o

% P4 cohort, /P ntiE AT A A Z PR ETI R AL, F oA do- ol &

B oragpl, - T F PRI RAHE, BahdE, X 3 L EFED b anda o
R gt enimit ) AT {”f‘i Fa - 4 Nk gh A P3 cohort Bk {8 A I - iF,
PR DRTRR A ORE RESR, PSR AR R B, T g~ Bt
SIRB Y, Hr AT, FLIPEar ke Vb, R E/GHOR S T
BREHEHWAFL 23R ESF SRR E, AL AR 54 (Anderson &
Hsu 1990, Mura 1995, 2001, Van Dooren & Brendonck 1998)  +* # b =t 73K iE, 3
B EaZ B (ttest, P < 0.001), P3 chort 5k T35 % 24°C(SD = 1.1°C), = % P4
cohort P| L 5% 18°C(SD=0.8C), @it a? FER T £, BHF { E&-
# e
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R P SR B R IR PR S i RE D T e A e
B PR Bk 2 R 2R g I O R P A ;,‘«Wau@—%%
drim el Bl § JOPE Bl UL AR B SRR T2 SR A A
AT I AHRAPA 2= (Hildrew 1985), i 8 42 B2 R BFHF L
PPRE o X 1 e 2 PP Y kR P A K1 24 o) PR TP e 2
B R T PR LADRRTE AR R T fg’"“°r/§4’“2"$"%}k o
Wa A 2 Feaki g o R Bt a, Ra gl amlpa g, ¥ L5

S 6 AR BRI o B R 0 R 3 KPS Pt B e 2 i
TE AR, ATV - & ek er o

VLSRR & M E AT R P e - R P R R i Bl g
R s A SEER D R R L LN R
M, “r - (Ripley et al 2004), R 7 3m e f, 38% 1§ — THE O% i od 1L o

B
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3
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B
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B S FERAFY AT X EDORRP .

Ra - HRARSEOER L e e, BTV ARR 81 4 d K R
P, R APRekY BEFE RS, TR ARSRARSKIRY 4 T AL TS
B, FHALER 24 PR m, uAERFA S, 2P ED 10mm 2,
BRee TRLE, e bt s A Y AREI S ASNR, FrEG T
BipZ A X a4, LG % B Wit oRipley et al (2004)557 1 BT, B
BRSNS AR A, RORRE G KR R TR T, R P i i i
s S S e A R R o kR o T LT R
L PESOR SR S b R BT B pREB? 12 2004 & ehiekka 3, KRR
fegofe Tavd | CHBR R M RECR 0% A LRI P A SR {IRR 2 R
PIZ2 LFm7 7§ &6 amkt B3, g pRkm o, @ i g & 55
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A2 B R R Mokt kBTG A R kRS B ki H
e EEAD LRSS EL I 10~12 X, 5 R 12 X Fafokd,
TP B AR IR AR E P LRI AERE N E A d 53R o m 1y
wx s & X 33cm s ki hE, R PR AN ENIR A B, v
ik KRR~ ZE 33x11 =363cm 4 F o HRA o XS BT 2T A g

Im i, ¥ 2354

o
3
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!
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!
F
w
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ETIAS

WA TR R LT, FROR AP RBEAT T IS RE A, R0
SHAGEL, Pt mi ik RS PR SE2 X, 4o
PR 33x9 =297cm £ 4 5 300cm Rk, ARG BER LR RIEA N
A H A R AT E chk MOk
WX @ gk i E & E T 300em M RGE, R @r;;;gg Bh A
BA RPN ER o AR, FEE S ERH- B hEh SRR, Rh kTR
SR IEREE DL GHA DT, B2 T FRD, Bh DR, Fre
WAL F TR LB AR AE TS o e 2004 £ R, BR AR T A0 A IR R 2
N A RERER 2 c AT E G R AR, e X E LR AT S
A R e R @ dr kRS Bl MOk 2(300em), # - S fEokA5 % Pl P2,
ER T 150cm, £ RIpoK o @ anE R E ) PR ok A GG e S <, @
MEEPERLR| TR T L AE - AER] o Aok PRI AL Y A R R
Reyp o £ EARAEP], B S A F T I 2 H(< 8mm), %o HaE R A P
hE B, B S0 Rk B X B kB S HR B iRk, AFE RS G,
7 Pl & P2 = X f kR, ¥ & % J i o
E e, BN R(TFRR)E L R(RRER ) KA Bk FF
koe'f & o W35S P32 P4, -RiFiE 400cm 2, RAZE R A E {2 7 B i
k= 300cm o BiEd KRR, FAAGY F g < LA e 7
@i P32 PA R R AR E Y R, A F T EFD R o & P3
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AR, B GRD gk, e KB, BRI T WA R
K, OGP EAR M IEE B AR AEIH P o A R E TR IF,
¥ R A A, R M X 8 HS, LRI RIEAY BB KRR
Fedgare 4k T ) Mk, AP RREAPEPII P REELT B2 £ ol
A5, ML iak p X 18mm ik F 4 L B DT - R GAPH R o i P3 B
KT 2F-E KR FRE PR G, wH&F (1957 3 7 7 k1 iE, F
SR KA KRR BRERG, ORGSR POR G, bR B Y RN
TR ARG, 7 AT EERENT - XDEPIFR e

R PApin i A A A 510X P ERE SR TR AHE, &
L Alen S Alens £ A, # k3118 10 (% - K APY ) = 2i0F) P in
WA 2ES S S RALFARFAPAPF VT F- LA HHE SA SR
0 e X B PR E, RREEE S & iEEY, - Kk,

PR BRE T A A G, B EED R LR, A REau o

24
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PoRARIE, FLA LML E e XA P RFORBEAFRA P, FIHUBEM LK

B
\\-{-
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i

P, BEFATENULELE? N2 AT EHAGAHFEIRA T

Rl A Y BRI R CERRIT H S LRI o 4 BN el
B, BRERG AR 13,14), @a L B FTHIS B P20 R
WA ek (A AR E), BE O R RPIEREAL Y, T - XHERF(Y

46 )T T F T AR, FHA TR AT R G neot F - Rk, @S

Tnk-

Pla@ie iR y- 1 MR- C /B2 FILTE 5 3 2L Bk, &

y *%'FJ ¥ =4 it (niche differentiation) e i< ot B chgi L R 4 2
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BEFGHEP LRTAFR R AR g, KLY < AR 6

SRR T, AEH AR R Y i g, BE G LT L D % 8 A L

FELFRINAFT O LW PSR R RS, LF g HALY

PR “F B (cyst bank)ig = B 58, B FE- HEFE -
A S I E U R

SRGA, A SR - ) wE e ﬁi#?ﬁﬁﬁé,ﬁ g &

Fo8 KVEIENIZRE

P RRA R AP RE I BETES PR, 2 LA RAFEEATEEL
#5724~ (Reznick 1993) « Pridens E ¢, % 5 i kB F1, 044G 987 3
P e ¢ ) Benp RPF R a5, Ed B 3 R d £ G, T
RPN FARFIORRAPDIEL SR T CHEREZGRIRGE, A RRTH

WERBE R, VY ARHMOFEE I REEBEWIFSRET S

AT ERARE DT P RRFAT N EL, RA T - B MR L
AR F) 5 g Btk P p tREGR ALY Tk il(wake up), 7 1RFEAE, KA
HE, T AP i, ML R R L ER SRR, AR A

B Mot el R R A SRS K L P, B AR
Hoe P AR KT, R AP KRPHOBAE X KA 10~15 /g 2 FF
Pl 100g 2 8¢ KR Pen® B i 1000 111, @ B A 1 i e R g
L g® 100g 237 1) 100 & f(F, BAFH, Ag4), aickd BT EK

FUF L0 e B, b0 S A R R o SR A D e R P 2
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Bor, A AARL AR LM, Vo gl e A B (Luc & Denton
1997) o 10 e A fR 02 L FHE, S B IR AT RREE R B R R, 00
o A p A, F A AT g, ALY PRRT, LE VARG - b2 o,
FPE-HefFded §APE AR TE N 2 22 2 BEF? PRy # A

2

AR TR, v R R A Ew, § SRV LE, R ELEs ARG, A
EF AR A M B IR AL A 0T oh ) Bt S ehd BRI AL
(5 14), 2 H I A 1R - B, AT Kt P e a8 kR
P B (cyst bank) o XA ftk&% (1991):hF 3 ¢, # K4k 2 p— o fd, @ 1573 A b
AL FRETABIRS, - PR, BAFE, A &) FP Al

TP PER, T g B 1991 £302004 &, Aa Haomie r v X B 5 BHEKRD

BLE? R H A LEL GRS, E;?&fﬁ’g’;\:fﬁag@_ HFET o
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2-: AR L 2T I3 FRR LRI R (R ERFGEE) G

Wk LA & opER Bt A T CRE &E AdR

B
06/07 ~6/09 25.5 15 20.25 = =
Conson
is”rf’ﬁ‘ﬁ 1
06/28 ~07/03 2 204 22 1 P1 =
Mindulle 36 0 0 05
B 1t #r1
07/14~07/15 0.5 0 0.25 3 =
Kompasu
W
) 8/10~8/13 170 227.2 198.6 130 P2 =
Rananim

<
3
mb

8/23~8/25 533 774.2 653.6 >400 P3 |
Aere
pE:
) 09/11~9/13 697 461.2 579.1 >300 P3 "EJ
Haima
09/26~9/27 144.5 142.7 143.6 >250 P3 "EJ
Meari
C
10/22~10/24 496.5 371.5 434 >350 P4 3
Nock-Ten g
é%‘ﬁ’i
12/3~12/4 240.5 1947 217.6 NA NA NA
Nanmadol
NA: &3eék
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% = /F’;f}’l‘i%ﬁﬁi BEgE 2 4 5] Sl o

ST F B+

T ke 26 WE ML WL

(day) (day) (mm) (mm) (mm)

stock S ASM T, ILISM SD LE SD L, SD
LR
A1E% 1477% 9 104° 1046 2.04 17.31° 1.11 25.57* 1.68
TF NA 8 104* 15707 1.18 16.82° 1.11 2745  1.86
A NA 8 NA* 17037 133 23.08°° 148 24.15* 0.99
kg
B R 70% 4 7 3 3.00 5
R 53% 9 15 6 6.00 9
S: KL T A R
T.: P of survival < 0.05
NA: not available
“P<0.05:P<0.01 :P<0.001 *:P>0:05

31



32



1600

1400 - ERERRe
FS/\ FS
1200
2 1000 -
£
= 800 - FS
[dnat
g
S 600 |
400
200
0 | | | | | | | | | | | |
Z, B ¢ K = Z =D A > D
= A M QO
§m§<§EEimo§§

Bl= BPLRRFENNE A FRBRGE AL 2 #E7 % Eodk

(FS £ 73w 3 3 @ aiEaz Hm? »)TC

30 -
25 FS
FS
20
FS
215 ¢
h
10 -
5* +Fr;"l
0\\\\\\\\\\\\
Z M ¢ Mg oA Z o= U A = > D
= -9 = M O =
SEZ2:5R2=228¢2%%
W= ENZ2 A3 PREEAR, L2257 T355 Biedr(FS4& 73w X 2

FEEEEAZ IR )



(a)
450

Aere

400 -

350 -
Nock-Ten

300 Haima
250 -

200 - Rananim Meari

Mindulle Nanmadol

Rainfall (mm)

150 -

100 -

50

| Conson

6/1/04
6/15/04
6/29/04
7/13/04
7/27/04
8/10/04
8/24/04
9/7/04
9/21/04
10/5/04
10/19/04

11/2/04
11/16/04
11/30/04
12/14/04
12/28/04

Date

(b)

450 + Aere
>400cm

400 - Nock-Ten
350cm
350

300
250 - P1 P2

Depth (cm)

200
Mindulle Rananim
150 - 105¢cm 130cm
100 -

50

6/1/04

7/13/04
7/27/04
10/19/04




30 -

25 ¢
2nd egg laying

g 20 | 2nd linear growth
g
= 1st egg laying
B 15 -
=
D
—
) .
= sexual maturity
e 10 -
=

5 ¢ juvenile and subadult

metanauplius
0 \
0 5 10 L5 20 25 30

days after hatching

B A1&%2F57, Pkl L

35 r
30 + egg laying
ts
0) 25 -
g
= 20 -
o
=
= 15 % .
> egg laying
3
= 10 - —&— P3 cohort
s —a— P4 cohort
0
0 10 20 30 40 50 60

days after hatching

Bl PR as e 2 2 A& &R

35



100% 1

sexual
maturity

/ .
o ~N

0% 20% 40% 60% 80% 100%
AGE %

50% -

SURVIVAL

Bl= A 142 #iniE A, —.0F cohort sh4 5 & o § L Aeh TYPE
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=
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B~ P iniciE & A P88 £ (Body Length, BL)2? & “F #iz(Clutch Size, CS)R¥ éhfE i4:
CS=0.058xBL>'"8 R*=0.92, n = 88, P < 0.001
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