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VI SERR

B L ARENEE

[ &%) D EEENEEE BRI EERZIRER, FenlaeImetE
PUCIRERE o TERMIRYTR LS IRE , RSB RARYHE DN A & (A 2D U178 HE
hRE, PRI R S 0y R FUJRIRE, R TR #ERN
A AR B R AR, AT S ETE - RisHEnE - HEiE -
FHEME (BEEE) - AEIE - FEE - b HJ%EQ’J%E’QEWH#%U&
SHESH T RERFEANRE (1, W] DI R ShIR IR E R e R AR R
SR L — e B o A HY e nﬁ”h{%ﬁ;ﬁﬁ* 2 HEE REEN YT R
B FRRABRYEE )~ i g g0 H R R 12 ﬂ%iﬁﬁ@ﬁ@ﬂ%ﬁﬁ?ﬁ
B~ (EAEISRYE ~ ETE R Ll;i{EL%ﬁ@WEQ?u

LU-F

\\.

[Bas ) £FEES - §ifF - 5P8EF - &

KL A B IS BRI AR 2 24 N, bt BRI HEIE (circadian
rhythm), ioGirEEE 2 EH 9| E K+ (entrainment agent) (Webb, 1983; Palmer,
1996) - i EVIHYEEI IR T2 2] IR B 2 A, I ER (tidal cycle)
WEAR KR E - R, BREWEIEE., BFEEYRNEIWRFSE (tidal Clock)
i AN ﬂ*::JJfF%E/inf%ﬁ EF[‘%E (solar-day clock) ZRAVFHIE (Palmer, 1996) -« ygyEIE
HFMEENY B A REASEE S (reproductive wnchronv) R BilalE fﬁ}ﬂiﬂ %'

— ]

FHE - HA-EM - BA RS - B8 - SR - BIRR S ERBCF ~ A IEEs
PR (reviewed by Morgan, 1995) -

r-

1% 8% (crabs) BRETRZ B (phylum Arthropoda) ~ H &g #l  (class
Crustacea) ~ +EH (order Decapoda) ~ #E FH (infraorder Brachyura) < K%%

AR e PE YD, xmﬁﬂt&i‘é&ﬁ#@m :P“?'J THEONFE B AR, MR ER DS
(larvae) B E /K, MG EEFEAE S —BRIFIFFE, iR 2 XNIR Y &
(meg,a opae) MF. PR (recrul t)y 1R A%EVJ**L_ o Rt EN Hﬁ%i‘e‘ﬁ“%?éﬂﬁﬁﬁ

AR z,k/MFiérﬁJiirﬁ* AR (RERER) ~ DIN AR TERAEPE ERIPERE ) i EIERYERIK
_ré% R AR e ch RN E NI RERSHTERY, BN HERE & - E a3 B v/ M,
AR :ﬁﬂﬁ?ﬁ*fﬂ 0

sk E’J%ﬁéﬁt@ﬁiﬁmﬂ* S, ] TR KE B, MEEER]
W DL SRR T BB - B9 ﬁmﬁ;ﬁfﬁﬁﬁﬁfﬁék/’ S S EH A

xxxxx

EiEAs, synchronous) K B FE B E o EEEET -

Iﬂ




|

RUE it

. W REIHARYER R

2L B gy FE B SR F 8l (semi-diurnal tide) HffH%E#H (double day
tide). BV REARAESEMRREE, A RIEE 50 /i fEA B EHE R
A — RS — R, B2 (diurnal tide) BCHER] (single day
tide): SAELEHIE RIS HRI2 HRSE—F, SEMTHR - £ W5 FEVIE
2 (mixed tide) (FIsC&, 1996) - BAFA nﬁ%ﬁﬂﬁﬁﬂﬁi@g—gﬁiﬁz £ PR )
ﬁgﬁ%r I EBEHBE (Morgan, 1995), PIANLLEEEERFRERE (FHE) FOhneh Ebik
s RS HE mixed semidiurnal tide) WUHBIYEESS Lo TERFHE (Morgan & Christy,
1994) R L ERATE S (REY) MBrEEERitE (ES4HE) My
SEAETEISAE (Morgan, 1996a, b) 4 HEAHEEM ASAAHKIERLERT 5 Eam ] 2 1R
oRT  HAEIE R AR RTRE S EaT TR AN E T, EEHT SRR E - P AR
SR EEASE (Christy, 1978, 1986), HEth Christy (1982) &% £ R PR A B H A

RIS R, e Bk R ey R AR -

>-

sy sys ek TR M T B 4 fE, BIMEW A (tidal cycle) (PHEIEE
wly ~ AR (light-dark cycle) (EfiH EAA diel cycle) » B ¥ RS ) HA
(tidal amplitude cycle) (BAREA— /N spring-neap cycle [F2RyE BRI
EE . tmes A EE) - AR (lunar cycle) (Morgan & Christy, 1993), Y
*?@@gﬁlﬁtﬂjcﬂﬂﬂﬁﬂj]ﬁ“ SEETEE (rhythm), HIRETERFTEES ILRE AN K
AR, KRR lLERE E’JE%H%@ (biological clock) B¥, EMEFHE circa,
circa J@Eﬁf F KT iﬁh g (Palmer, 1996) (F 1) -

!"*

KSR F1 75 B AN B RIRARS shRS TR s i rl #5 FE KB R = FREB A/ IMG BB
(FOI’W&I’d 1987 Sa1gL 1980 1988) ﬁmﬁ%ﬁmﬂfjﬁﬁ (ﬂnra: @j{. ;E—*'*‘i;b {E}
1A RFRey e tiRE *E{Eftf &) AL il B B HEE 4 (Morgan, 1995) < @EE4M AR
(exogenous) K FEJHESE HERIBSHBSAORER, (EAZRIE %ﬁﬁﬁﬁﬁﬁﬁﬁmﬁﬂmuﬁqﬁﬁﬁ
(endogenous ) jﬁa{{ﬁmm CERE . GIATE AR E R a ks B E Ry, WA
R TS SR e R RN - BN R A - AIEERY, REHEIRZHER
BRF RIS T, 1 FM*’E:&:E%I% (entrain) ﬂ%%’ﬁ@ﬂfﬁﬁiﬁlﬂ?ﬁZ@Iﬂiﬁﬂﬂi
Hi SRR FEEEAE (cue) BR5IERET (entraining agent) 7S
F- (synchronizer B¢ Zeitgeber) (DeCoursey, 1983) AERRERR TSR, &VED
erpham —ELRERY | RAE TR, IHFREEG TRERREES IRIGENH, [FFE S
et e ER RS S A EIRE RS (Morgan, 1995) -

T

I‘*

LhEs

g EATH RSN (endogenous rhythms) Z3dtall F (3R 1):

e

ﬁ%ﬁ%’“f’“ (tidal rhythm): 7642 E@IsEE, WEE S SR E KRRy E R fE
1;;% 12 4 fJ\Hé:f

ﬁhiﬂ’é”f?— (lunadian rhythm): BARSELEEE, WESE (SEIEE
W) HEEFAEET B EREEN, RSB EEYNEYISEE FA FR{1E AH
s 12.4 /NEFRAKRe H BT IESIRS, Bl 24.8 /g — (@ HH (Palmer,
1096) -

1 1“{-,
!

pefq]l!
c*‘d
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HET1E (daily rhythm 8¢ diurnal rhythm):

tHfi

FHEIR (B8

HHH,

=

JEI R

=t

HY

VRIS

[l
e HE

—NT""-.

"'-._

FIIAFIRs 14.8 K

RER SR

. |

Bl

VRWE /) M

;L

ES

H H %

#) (semilunar rhythm B¢ biweekly rhythm):
oA (spring tide),

il B

BI¥¥#
B/NEl (neap tide),

=% E—

A,

1

IS

H

AEE (monthly rhythm): BWIY/pRiEFMMER S 14.8 K, {HEE'TWKW&EIP
IR/ NS, Hp—RRER A, KibEEdlEmrtle, gSHRE—XR&EK
RIER & IRy e K, B, BEEYEAGER ARSI, 1B
B H I -
FEIE (annual rhythm): HlIEfESFTH — KGRI EBHIRE (DeCoursey,
1983; Morgan, 1995) -
B EE - HEFE ~ P HEE - MEEEAE R EEEENIGHE, B =T E TS
AR, AR HENFIFEREME (Morgan, 1995) -
%= |, EEIYRIARIANEER (endogenous thythms) (DeCoursey, 1983; Morgan, 1995)
ChFEs A Wi 8 B A
(Rhythm) (Biological clock) (Environmental cycle)
SEVESHE (Tidal rhythm) BEEwEy (Circatidal) O 12.4 /NEf
KEHERE (Lunadian rhythm) AR HEHR (Circalunadian) 24 .8 7NF;
iR (Daily rhythm) BEHd9 (Circadian) 24 7N\F¥
A HE# (Biweekly rhythm) 4 H® (Circasemilunar) 14.8 K
HEif# (Monthly rhythm) tHAY (Circalunar) 29.5 X
FEEIE (Annual rhythm) fBtEHy (Circannual ) 365 K
(AR A4 (AR ER A 5 H AT W ETEM: (DeCoursey, 1983; Forward, 1987), #A
M, Palmer (1990, 1996) EBLIREMIFIAEHENFREFEEH —E 12.4 fJxH#E’JﬁW
BN e & M AR R Y BB, 0 Saigusa (1980) el Es 24.8 /NKFRY H OB A A
(moonlight cycle) EE 12.4 fJ\H*H’Jﬁﬁﬁﬂ e e o P b A P R X8 S B U R IR A - (R
It B aTE R e M IR S PG 58 (Morgan, 1995) - 559t BERESRSRERNAY
JENRAPHEENR TR (R 2) -
2. BRI RIERGETE
PRI ACRC U ERAREAE (internal fertilization), M fiafiel DUERRHY SRS
¥ (spermathecae 8% seminal receptacles) 9, RECZERPA, WEEEDN (egg-
laying B¢ oviposition) FAREHER, DNAESTIFEENTF MU -0, halPRLHT IR AR
INRIRERE £, ICREEEIEDN (brooding), FEIZISINNEAE (egg hatching) B4
MEEEREICEY, SRETEMBHEER (larval release), BUFER Spawmng
(Wolcott & Woltott, 1982; Salmon & Hyatt, 1983; Hill, 1994): #x1m, HHRRIEAY
EINTEHHE AFEE spawning (Caldwell, 1991; Morgan, 1995; Morgan & Christy,
1995) - #R¥% Giese & Kanatani (1987) WIERIE, 1171891 kH (external
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A L2 5 22

fertilization) HUFEXE, &Ik (BUNT) HERMENS/KE RN, SEPIEYEE
FRES free spawning, PIANREISENY) - %58 - 25 - BEKEYEF, KEKERBEEN
TRk, BEEBCREINESE SIS GROEHONFEE) #EfEtUMAERy spawning,
GIAEESENE - S5 - EEME - HAES - 1RIF Webster FHAYER  spawny BH
“spread out, expand ; FIER (A Merriam-Webster, 1986), MAZEHRREFEL
RD F 1S E R R e K TR 2R, Rt R REZERY E IS B RS spawning
HE THREREL free spawning JRIE, KEILFRAEIINEERIER B SIie R E DI
IR B IaE -

% . U+ AEEEERENSEEN (zonation) HREME (5 MREEME Perrolisthes armatus) W
SRS FENBFIE (2B Morgan, 1995)

e AE £l B HRIE B AR H & AR
] — S el
Gecarcoidea natalis Azl (SAeS RN &R (RIFI)
Gecarcinus lateralis HhAZ FL FHI+H AN R (RIF1R)
Cardisoma guanhumi S RE FRHIFR — —
Aratus pirsont Pak- g2 +H — —
Sesarma intermedia ok g2 +H AN B (BIFR)
Sesarma haematocherr ok + H e 2P &R (RIF)
Sesarma dehaani JiRE R +H = 4P 7R (RIHIR)
Sesarma cinereum FER +H =1 4 A B (FIF1R)
Uca rapax VOREFY 4+ H R B (RF1R)
e v e e
Sesarma rhizophorae Pak g3 Sy = i R (1R51X)
Chiromanthes onychophorum FHAER 7 H =IEARNL & Bk
Uca rosea VORERL (Y= = X Bk
Uca oerstedi VOREFY (532 e 4 A R (RF1R)
[/ca galapagensis VORERY 2 H =TEANNl iR (RFR)
AR
Uca minax VORER) +H =R wER (ATS1R)
Uca pugilator VORERY T H = 4 w R (B S B & F
)
Uca pugnax VOREFY “+ H RN X (A3 R)
Uca tangeri VO RET] +H =R "R (BT 1R)
Uca beebel yORERY +H = - HX (32HRH)
Uca dussumierr VOREH +H EIRa 1 B
Metaplax elegans 77 &R £ H EIEANNI! 1% B
Sesarma reticulatum Pkt +H =N B (BIFTR)
Pachygrapsus transversus FRER FH = AR (EHEE)
Pachygrapsus marmoratus Ak +H — —
Eurypanopeus transversus AR +H? Bk "R (IRFR)
(AR 7
Cataleptodius floridanus BAER 4 H e 2l wR (HE)
Cataleptodius taboganus AR “+H A ik (EE)
Xanthodius sternberghir i +H = xR (HE)
Eurypanopeus planus ZL s ENEE7 e 2 7 B X% (FE)
Eurypanopeus depressus Izl ZNEiE2 — H KRR
Rhithropanopeus harrisii ZL s ZNEik7 SN &R (RTHR)
Dyspanopeus Sayi BEH NGk = =Nl
Dyspanopeus texana BAEE ZENGiE 2 — H K A7 Bk
Panopeus herbstii 2L +H e ek (BIFE)
Panopeus simpsoni Izl +H — el
Panopeus obesus Izl =-y2 — H XK BR
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CRRC

Xantho prlipes
Prnnixa chaetopterana
Praonotheres ostreum
Petrolisthes armarus

R LRI

Pinnotheres maculatus

Carcrnus maenis

Callrnectes arcuatus

Callinectes sapidus

Microphyrs brcornutus

Leucosilra juriners

%ﬁ%ﬁ&%ﬁ% Hi‘

A (
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% s B X DB WAL IRy
& DI B uE LS
RS R FRET
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(dalgusa & H1 daka,
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(DeCoursey, 1983; Forward,
(spring tide) H*ﬂﬂﬁﬁ?ﬁﬁﬁarﬁﬁﬁ iogls
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R s

s Bl fE 4 4 G g (Wolcott & Wolcott, 1982 Fowrard., 1987; Saigusa, 19838:

--l""_

Morean. 1995): iHE S 40 A TS H R BUR RIS BRIBACE BRI 0, IEIRIR
4% 1 SR ZES (Morgan, 1995) -

ﬁB.W+ﬁ@ﬁ%ﬂ$ﬁﬁ%ﬁﬁﬁﬁ%%%@@ﬁ%,ﬁ¢@$§ﬁi%%@ﬁ(%ﬁ§Mmmn&
Christy, 1995)

Wy R A/ A @ R oY
HEE AR AR _ BF 2o BN G 4 EE K 1% R 1K
s TG 1 2% 6 0 7 0 7 0
= AT 0 5 0 0 S 0 p 0
ek 0 () 11 0 10 ) o 2
Wb 0 0 ] 7 0 0 8 5
oh A 0 0 2 4 - — ] p)

* Jb R AR T 12 A RO AR E T

= BRSBTS T

AR A BT SR SR SRS I R I A, ] AR S (Saigusa, 1982); AIRY]
ﬁmtﬁﬁﬁﬁﬁﬁﬁaﬁi@kﬁ%ﬂﬁm R S e HI R DR R A I R & T E T
sk R EIS 4N (Christy, 1986; Morgan % Christy. 1995) « BANEMENY 7RIS
= HATFEF /LA TR 4B Ptk an CprEmEEsSERERA D N2y 2 A i
DB R BIE 5 lE Eﬁiﬁﬁ’%%ﬂﬁﬁﬁfﬁaﬁ (Wheeler, 1978), BAH g E BT S SRR RE Uy
A9 (Christy & Stancyk, 1982 Forward, 1987; Morgan, 1995) < o BB H’Jﬁ@ﬂz
Al LIS AN oL S RS R U A, 18 A E fﬁ?ﬁﬁ%ﬂﬁfﬁiﬁ LAY, LIERER

f@fﬂtﬁf@%ﬁﬁﬂ]ﬁ@ﬁﬁﬁﬁ%ﬁ (B 1) (Wheeler, 1978; Saigusa, 1980; Berg,in 1981 ;
De Vries ef al.. 1983), {B&&K & #ElrayfE L SrEEyk (Saigusa, 1986, 1992a),
RLFRE T 0% Tﬂ/mﬁFZ% s mEhr) AR TS R HAATE Y ki AR (Saigusa,

1988) ©

Ny

o

o R R R L A1 TS

|, RERLNESEAZ FUEAIHITR

Morvan # Christy &3EfT—RIIGYEER, LRGH R R T TR R s AR R T
Gyl SRR 2 o Ho IR & £ Y el SR A 7 T R S Y e e B O B s e
(Morgan & Christy, 1995), T%EﬁTﬁ%@mM% NiE %W”f~é%ﬁ&%
20 ~ BEE -~ BRI R © [HIT, £ T/ N R ), iR RREEE
LERERT KR, Eﬁ&i‘ﬁxﬁﬁﬁﬁl%’%’%, AR AR BRI SRS P &8k (zonation)
@ s g RRER L AN (Morgan, 1995) < HHFR 3 HURTR, F Al DB RIDUNRIAS SR o BN
IR YA E S (planktivorous fishes) E“’R%ﬁﬁﬁ%ﬂ@ﬁﬁ?%%ﬁ’] S?EQJJ%@?&

Okl RS SRR AR e - 1E S R IR hRs R SR R
7

‘-_

AT B P S A, DS B T R U - IR R S B , AR ]
s AR, S EE S R R NS « SRR R R =4 il
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The Timing of Larval Release by Coastal Crabs

Hs1-Te Shih

Institute of Marine Biology, National Sun Yat-sen University

Abstract

Periodic reproductive synchrony 1s a common phenomenon occurred in the
coastal benthic crab species, especial the timing of larval release. When
the night high tide of spring tide, most species of ovigerous female crabs
release their larvae near the water edge synchronously. Because there 1s
obvious relationship between the timing of larval release and environmental
cycles, the mechanism of larval release can be 1nvestigated by endogenous
rhythms of marine animals. The endogenous rhythms i1nclude tidal, lunadian,
daily, semilunar (biweekly), monthly and annual rhythms. The hypothesis of
the avoidance of predation of planktivorous fishes 1s supported by
comparison of the timing of larval release of different crab species and the
morphological characters and coloration of the larvae. Alternative
hypotheses suggested 1included avoidance of predation by i1nvertchrates,
avoidance of physiological stress, avoidance of UV, avoidance ¢ tltarval

stranding, settlement-timing, energy cost of female, and promotion of larval
dispersal.

Key words: Reproductive synchrony, Rhythm, Entraining agent, High slack
t1des
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