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Summary

Annual reproductive cycle, morphological characteristics, and energy
budget for the zoea larvae of a pandalid shrimp, Pandalus hypsinotus
BRANDT was investigated from 1,037 individuals sampled using trap net in
the East Sea of Korea during January and December, 1993. Total body
length (TL), carapace length (CL), and uropod length (UL) was recorded to
0.1 mm using vernier calipers. Body wet weight (BW) was measured to 10
mg with a balance. Rate of assimilation, respiration, and excretion of the
zoea larvae hatched from 11 ovigerous females were also estimated at 10T
to understand their energy budget.

From TL, CL, UL, and BW data, following relationships were identified ;

1) female

TL = 31.1549 + 3.9813 CL (r=0.7676, n=118, P<0.01)

TL = 59.1227 + 5.3931 UL (r=0.6731, n=118, P<0.01)

log BW = -23906 + 25341 log CL (r=0.8017, n=86, P<0.01)
11) male

TL = 325717 + 4.0520 CL (r=0.9457, n=240, P<0.01)

TL = 33.1699 + 59509 UL (r=0.9324, n=240, P<0.01)

log BW = -3.2391 + 3.0650 log CL (r=0.9829, n=220, P<0.01)

The ranges of carapace length in male, female, and sex transitional stage’
pandalid shrimp were measured 11.8 to 46.7 mm, 388 to 544 mm and 32.0 to
46.8 mm, respectively. By carapace length , all shrimp smaller than 32.0 mm
in CL were males, while those greater than 46.8 mm in CL were females.
Average number of eggs in ovigerous shrimp was 7,677 with a range of
3766 to 12500. A statistically significant correlation was found between
number of eggs in female (fecundity, Fc) and carapace length ;



Fc = 4371 CL - 12,453 (r=0.6393, n=45, P<0.01).

The energy intake per larva of zoea [ to VI stages fed on Artemia
nauplii was 140.88 Joule. The energy losses by respiration, molting, and
excretion were 16.22 Joule, 1.195 Joule, and 106.40 Joule, respectively. The
amount of energy used by growth was 17.07 Joule.

Pandalid larvae assimilated 24.47 % of the ingested food. The gross
efficiency( K ) calculated by the equation of (growth + exuviae)/ingestion
rate X 100 was 1296 %, and the net growth rate( K, ) calculated by the
equation of (growth rate + exuviae)/(growth rate + exuviae + respiration
rate) X 100 was 5296 %. The percentage used for somatic growth and
maintenance among the assimilated energy were 4951 9%, and 47.04 %,

respectively.



I. A £

E3lM§-, Pandalus hypsinotus BRANDTE %X 3}A] $-3}(Family Pandalidae)oll
&3t HHRAY Fo2 A X Yol <k wFHsE, dYxdl, B Elo)x P
S-gvete Fi 5 A AA¥ez dy BE¥3tn ith(Butler, 1964; B, 1979).
St M4 ste T3 94 (Genus Pandalus)dl & E3A & v Rl BX
BEA 9 (P. borealis), ZFH T8N (P, kesslery), P. gracilis $°] 1o, 53
E3 = BZREZT A9 Pandalopsisd ol EYH7MA &M $(P. japonica)s = 3§
A Falel AMaste Fo A9 et =Sty £ F dve &4
A % (protandrous hermaphroditism)®] §3& £ # 9l tH(Carlisle, 1959a, b).

%3l - 4(Genus Pandalus)ol @3 A+ Berkeley(1930)7F % 7|74 %A
of #g AFE AFE o A E AYAL 2= o wE A AE
&, 282 E3eEe] X, FFHH, AHE, FATYN OE Fe sl &
3l A7slo]l gkoh(garashi, 1951; Kurada 1962; Butler, 1964; Haynes, 1976;
Rothlisberg, 1979; Mikulich®} Ivanov, 1983; Hayashi, 1988). 3 R £(1979)
S BEFES QAR FHAMNS AESFAL, K E1992) o8] AUANS] o]
Asaziet wvl @ AARsEo] w3k A7t st Aot

Selvtet dAgtel A At =3¢ #E A+EE A K19659 7
= Fae Aol Yo B3I WE&o2 P hypsinotus®t P. borealis®] A
A T % A BEIFAHATF T A7 Az, Kimd Jo(1985)o <} 3)
vt FEFAHY P borealis® AYE FAHINYES B, EFdd g 4
T2 A9 5ol UA ot

AT diE Adn AP JDE TS YA FAo #AF A7
ge 2-dE Ho ga(Clutter®t Theilacker, 1971; Crisp, 1974; Daborn,
1975 ; Levine®} Sulkin, 1979; Logan® Epifano, 1978, Emmerson, 1984;
Harms, 1987, Willow, 1987), A%, 23, A4, 3§, djd, AEI=x



A R ooy gake] g AgH Aol osiA A & setstn o
A4 AAE FAH BHoln Yt oA FAd AF A7 #F g
29 dAMY AR e JIDALY YA AHo|FHE oldde F
AMY 287 2 F Uew, 1 FEY AMEE FHFd}= dH K&
(Vernverg$t Vernberg, 1981).

s B dAFe Fage] F8 ALY sl =3¢ A A
WA, AR X FFEHF & duls AHAZEH AT EF9
zoea FAE Aoz AR €Y, TF, A 2 AUAEFE FAHNAG {4
WAL 5 YR FRE B3 A AP dE YA 559 FH
g sofstnat 3



O A5 9%y

1. 44 ¥4

& Aol A8 =3, Pandalus hypsinotus BRANDTE ZYE A
Aepzls 285 2o 19939 195 EH 129703 A $Site) 93 ojyg o
7 158vke], 3 8370te], A AEFA AA 4201, £ 10379188 FUEHA F
FA4EEAC 9E Ay, XTI, AATIF, A 3R 27 2 9
FHefFS ZABIA

DA%

TUE M ALY ETRYYPoR FYFANZTY LS AE R R}
A &AM HA(total length: TL), &3} (carapace length: CL), w]z}#
(uropod length: UL)E vernier calipers2 0.1 mm ©¢712 A9z, A=
(body weight: BW)2 H2t4&(ER-120., AND CO)Z 10 mg 9712 243}
At AFL AZ(rostrum)e] EollM 7HAIE A 2lg v H(telson) B74R|9 A
g, FELFL A AN FELY TH HEO 023 RER xA3)
RN, v vpAet BR ) doboy ZFuE A3 uzt Brxle] AN
AYE FA%E a2 A AS viasAdoh aAd, g2 AL deo] T}
AFel 9FS Az A3 FFREH AF BAE vED FHBL A}
3ttt & HAAAY 7170 W foA HAHLS FRARAL ojgs}
R, 242te) A9 oA HAHL Hexcel softwares A&3hc}.

2) JAeT TRs
dsel onaeish AU AAe Fehd 5L Igarashi(1951)8] 7)Aol o



2t A1E A (1st pleopod)t #2%-2](2nd pleopod)®] WA (endopod)e] HENd =
Aol 93] &v]7( SZHI10., Olympus CO)stol A st A},

T3 A1EA 9 YWA(endopod)7t F ZaAZ ZAetA Jon, A2 A W
2ol 1709l W4 A (appendix interna)$t 2 Pl 1709 2% 7|(appendix
masculina)7} A& R, 4R A1ER S WA o] 2zZYz zaA YA &
< Boy A2EA YA 109 WREEAH N Aok A HEF(sex
transitional stage)?] 7HA ¢ A1EA 9 W& FAY7 HH EHI}Ho 249
T EYS Zada, A2EA Y £57] 9] HiEsHo AFEHE S a1

3 FEHZAN & A

FEHA O AuE s fstd FEHEEAL 5 mm 3HH e AFo
ZASIA T Aol T Igarashi(1951)¢] HEl A EAd wet 7, gA 13
I AHEFA MNAE FESIY

2. Zoea 7RI YAl $=X|

D 8%

A A £x& A7) Y5t 19939 29 26Y oYY AR F w
A" & 7k ofn] 11 we]E d¥4A9 1 m® polycarbonate £ &7 5
m®] cartridge filter2 AA#& sFE FFEAZIEA BTG B3 FALS
¥ 29 1 m® polycarbonate %ol &7 10T HEZ ZHHHAN dF ALS
gto] Zt Aol A&z, Hole Artemia® 7t ¥ 8% nauplius® FU}

A2 Y 10~20 vt F3AY FZ389 Haynes(1976)¢] 7)Ao wha}



i

A A M, dx2FEF E FAY AUAEFE 2AER R, WAL nA
P BE5RAEY gdedM FEHI] AF EAY JHAYE, 32T Fe H4
S "ol AHF T T0CAHNA 24A47F A=2AA AU AL 3749
chamber(H A 27] 40x20X13 cmoll 5X5x12 cm, 300 me4 4070 F&)o HA
S 2tz 1 vl §<3td Artemia naupliusE %olZ FEA ojd o}3 €
A F5FE 2ABIE 2IA9 AxFF AU TFFE zoea VIZIY Rl i3
A &4

d

!

lo

2) AkA 4]

HAtE Adel o8 EHAUAE A&7 e AR+ E A &F
100 mee] AbArgel FA9 =7l wet 50~80 mlale] FAE W& ¥, 10T
A 3ARE e A4 FE ALHFINYSI CO, 58)ell o3 Ay HFe &
ENAF xol2 AT 4 FH A 335 e AP JYFAZA /A
1 vtelgd Azt e Abiaan e wE FANSHT 2z 29 3§ AaR
of &g Wr| @& (Belman¥} Childress, 1973; Dawirs, 1983), A& F<¢te]
AMAhEre) At 5~20 %" wrkx] 2HEs

3) Ay A

FAGAE AAZ ZAACE MAZ7d et 833 100~300 me} AHAH
of A#sfFE A 30~50 vl FAS Fd F F, HolAWEQ Artemia
nauplius® FX7} 10 naupliVmé7} HEF & 24A13 T YL =A 3
Aot 7 A ZAde 53 9 E AP HENEA FA 1 vield g3k A
(nauplii/zoea/day) 2.2 JERN St
Ao e 744 1 vte]7b 19 A28 Artemia nauplius 52 24354}
Artemia naupliuss D25 o] 197 pgolxr, FA % Ay gade Az
ZF ko] 4619 cal/mg ©)22 Artemia nauplius 1 ©talE 379 mJo AV E ¥}
Fretthe 2a(a 1989)e] webx QA AU E FA 3.



4) |z £ L VelF &

ZF FAGA 2 AA ST g R FAE gy FAoz EA
3t ot

I=G+Ex+M+E

A71A Ge A2 A oA, Exe gy e|n M tAI&24 4t
22882 YUY 8uiE 9 BuiE( E )l g dde ¥3A f3n F
st d 2 A ) AHAUR(T )9 #Aol( E =1 - A)EA YeEW A HDawirs,
1983). =3 FAel s A4, A%, g9 € 3858 SAS AEE AHEs
o g E&ES AN

a) F3EE&(A): (G +Ex + M)/I x 10022A, o]RAL A2z o
3 s3td P9 WEES YEtRT

b) #H4FEE(K, ): (G + Ex) /I x 10009, A Zel dig 4Fo=z
A 49 WAEES Uehdch

c) “AFES(K, ): (G + Ex)/G + Ex + M x 10009, %3}
et JFog HEd ¢ HE&S eI



1. 44/4H

D Ad 43

Ao HeA 5EA4S f9sr] A FEAES A, FELEH A
F, vlzZbgs A BAE Fig. 1, Fig. 2, Fig. 3o Yttt FF¢gel o
3 Ao AA|AE o4 H$ TL = 311549 + 39813 CL (r=0.7676,
n=118, p<0.01), &% TL = 235717 + 4.0520 CL (r=0.9459, n=240, p<0.01)&
e oo (Fig. 1), 71 &7l A& 5 % FoAFFodM e fart 9A
52 ekt

FERES AFo dig A5 IABVAE v EE A3 B log BW =
—2.3906 + 25341 log CL (r=0.8017, n=86, p<0.01), &% <& log BW = —3.2391
+ 3.0650 log CL (r=0.9829, n=220, p<0.01)°11tHFig. 2). o] & H]| X A7
TR 2 Fotl A AFY FrF d2A Jdeided, 30 3% F
Zhell Wigk A F e Z717) v EH SRR =4 velgt o] F A 7
Z1e tHE 5 % FFEAA FoArE A E SR dFEGE B o
g A Fe Frt vzt ZA Ydebdt v da A i@ G A ARAE
49 A$ TL = 59.1227 + 53931 UL (r=06731, n=118, p<0.0l), +HLTL =
33.1699 + 59509 UL (r=09324, n=240, p<0.01)& YeElk o™ (Fig. 3), 7]-&7]
of g 5% FAFFTAM Gy KAt A== gkt



Female

’E‘ TL=31.1549+3.9813CL
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.6 TL=23.5717+4.0520CL
|._

Carapace length (mm)

Fig.1. Regression lines showing the relationships of

carapace length against total length.
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Fig.2. Regresson curves showing the relationships of
carapace length against body weight.
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Female -
TL=59.1227+5.3931U

o
0
!

00

Male

Total length (x10, mm)
0

20— - - - - TL=33.1699+5.9500UL - - - - .- v
1° .........................................

Uropod length (mm)
Fig.3. Regression lines showing the relationships of
uropod length against total length.



2) BRE L¥dF

€Y AJ#ge WsH(Table 1, Fig. )& JAH o2 & B F39 2@WET}
dZF 728~920 %(HTF 790 B2 VA EA Jetwch AAEFTA AHA 9
292 9¥d ALY F 81 vig F 3 vlevk AAEFA AMEA 37 %A
ol HAYF M &d &l F/tst] 104l 88 uiE] F 9 uist A
g5 AAZ 111 %2, 11¥9E 88 ulelF 12 vlgdZ 136 %A, 1244
£ 89 vtgl ¥ 13 vlelst AA#FA AAZAM 146 %9 £HEE R A
b 3 HUYAE JeERAUATE olF 1 Lol FH3 At 194 40 %, 2
Yol 1.3 %At 22y 3¥el= F 108 vtelF R 92 viE], &A 16 nlEz
HRARFU AAE Zotg F AU ol d AHYFTA A vEFIAMT=
8Y 7t A&HAT

AA gziol AP TEd ¢S WE LY EFE(Table DS 9¥o 43
14 vlg]l & 2 olal2 167 %A, 1199 625 % , 129 66.7 %, 1¥ 60.0
%2 3243 Frtstden, 290 ¢A 10 vtg F 8 vielst E@Ho 80.0%
2 ZAIZ F VY 5 XSS BTk 2 ¥ 390 688 %, 480l 680 %
o] XTFHEL BRAM AF oA Aol AUAEH olAL 39 o|F ¥3J} &
g9 MAY £do 7|AdAck 580 ¢A 14 el ¥ 3 gs5d A
2A4 ZYE AAE dUH-

¥ 4o FHERY HE 410529 mmA L, XJE A HA A
7199 410 mm 7HA9 B9 TIFE 44970000, 23 439 Hd A7)
529 mmoelM Ed4E 10131AATH EJRMASY BFEF FHFEFFL 467
mm, P77 FTJIFE 7677AAL, T HAE 3766~12500 0. FEHR
7 ¥@d5ee] #AE Fe = 4371 CL— 12453 (r=0.6393, n=45, p<0.0)E F&
el 245 dAZ EIFE F7HHATHFig. ).

e ehgdgoln ¢txo] Yehur] He x| E EFEE FZ Yo%
T, o] yehgdA Mz FHsA €2 4L dch £ £ d o
e F93 ggdoz A9 HHE A ¥ F AU F9 AV BA
1.289~1782 g, ©7 1.119~1.341 o] HARAZ, SZAMDFH FEMA)S #A
A1& MI = 05394 + 04579 MA (r=0.9458, p<0.01)% H(Fig. 6).
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Table 1. Number of P. hypsinotus caught with the trap net and sexual

phenomena
Female

Date Total Male Transitional

stage Subtotal Non- Ovigerous Spawned

ovigerous
(%) (%) (%) (%) (%™) (%)

Jan. 14 75 62(827) 3( 40 10(13.3)  4( 4000  6(60.0) -
Feb. 16 150 138(92.0) 2(13) 10(67)  2( 2000  8(80.0) -
Mar. 23 108 92(85.2) - 16(14.8) - 11(68.8) 5( 31.2)
Apr. 11 92 67(72.8) - 25(27.2) 10 400 17(68.0) 7( 28.0)
May 17 54 40(74.1) - 14(25.9) - - 14(100.0)
Jun. 19 67 49(73.1) - 18(26.9)  18(100.0) - -
Jul. 21 78 59(75.6) - 19(24.4)  19(100.0) - -
Aug. 21 73 61(83.6) y 12(16.4)  12(100.0) - -
Sep. 20 81 64(79.0) 3( 37 14(17.3) 120 8.7)  2(143) -
Oct. 25 83 68(81.9)  9(10.8) 6( 7.3)  6(100.0) - -
Nov. 20 88 68(77.3) 12(13.6) 8(91) 30375  5(625) -
Dec. 22 89 67(75.3) 13(14.6) 9(10.1)  3( 333) 6(66.7) -

* Percent values calculated against total number
** Percent values calculated against subtotal number of female

14
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Fig. 4. Size frequency of carapace length of P.hypsinotus
caught with the trap net from January to December 1993.
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Fig. 4. Size frequency of carapace length of P.hypsinotus

caught with the trap net from January to December 1993.
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Fecundity ( X 1000)

Fc=437.1202CL — 12453
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-
Tlll 1 i A 1 i —J
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Carapace length(mm)
Fig. 5. Regression line showing the relationship of
carapace length against fecundity of P.
hypsinotus ovigerous females.
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Minor diameter(mm)
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MI=0.5394 + 0.4579MA
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Fig. 6. Regression line showing the relationship of
major and minor diameter of P. hypsinotus
ovigerous eggs.
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3) FEULA & Ay

FEAF dE Anle wWikFig. 7)€ 2Y, £AL FERY 118~467
mm, AAEFA A= 320~468 mm, ¢3S 388~544 mmE FFHF 320
mm °|&tf A E ZE AAZ FRAY AT MAe FHEYHF 320 mm
o]Ate] A olA Z&st7] AZEA 40~45 mmToAAN Hu 2HEL YEIUA
ot 4R FEFELH 388 mmellA &3] AR A7 FHESE 1 v
&o] xobAM FEFELHF 40~45 mm NAFZAAE FH 398 %, &3 477 %=
=g Ao E Yeldd L, FEEH 470 mm o449 MAlE EF ¢g3teluth
FAMAE FHELF 410 mmolA 2837 A&t 45~50 mmy AAAM F
HEd&S BYon o FHELHE 529 mmA o
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Fig. 7 Ilistogram showing the relationship of carpacc length

and sex ratio of P. hypsinotus caught with the

trap net.

B Female [] Male Sex transitional stage

20



2. Zoea RAYH OE QX X

1) 379 dury A3

73 F FFAe wE fAe A3y AxFH a2z AT 299
ANz 3FE Table 2014 YeELRATE.  zoea I7]91A zoea VIZ|ZHX 8] AR
B4e B9, R F39 zoea ZlE FFAY 597 mm 1, AZXFFL 014 mg
ollen bl H(telson)E A RAUTh zoea 712 AAsE Hols HF
411Y 2853 HIFAZL 710 mmoldow o}z njHol Ealsx ggirh
3t ¥ 10709 HAHY 804 mme zoea NI7|Z HRUow], o whAoA
HE njdo] FYHAY. zoea [V7]|= 1683Y Tt HFAA 1051 mmE A Z3}
Atk zoea VZIZ HE dole 26959 2850 HF 1141 mmE A A3t
a2 P33 33.83Ywtoll zoead vhA|T FAGAQ zoea VIZIE HUOSHW 1
o] HFAFL 1266 mmIyHFig. 8) .

Tl -9 #MAGo] AlgE olUA|= Table 201 YelR A o= gt
(J/ind)o 2 =84 d. zoea 17191A zoea VI 717HA] A#A3E EQU zoea
Viziel AU A F, 1707 Jo AUAE A Fo ALEside. agxn 4%
of FutsHo] BuAg &9 oA F £3 Table 29 29 H oz 3§t
(J/molt)y2o. 2 A48t H Tt zoea 17|%E zoea VIZ|ZHAl AEE €yjouz &
1.19 JolAt}.

A7zt 297 AY A WESAd AAA S (growth factor, %)
Aol 71245 Zxrdtdoy, zoea MZ7N(HIFAH 804 mm)olA zoea IV7)(
PFHF 1051 mmE F o So|&A F7tE Aol FEHHFig. 9).

&, 29 7H7)(intermolt period, days)E AAZ71el §H7 whch 2 H Abol] A
2o g2 F7hete log IP = 0411 + 0.0471TL (r* =0.6279)2 JEbStH(Fig.
10). zoea 1719] 4Q A H-E] zoea VIZ19] 13U ol A AFo] Fr1gs
g gdHz7le MM 3 Ftekg

21
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Fig. 8. Growth in total length during the larval development
of P. hypsinotus.
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Fig. 9 Relationship between total length and growth factor
of P. hypsinotus zoea larvae.



period(days)

Intermolt

100

log IP=0.4110+0.0471TL ( r? =0.6279)

10

1 i 4 Ll —d

6 8 10 12 14

Total length(mm)

Fig. 10 Relationship between total length and intermolt
period of P. hypsinotus zoea larvae.



Table 2. Mean values of elapsed time and biomass for the stages of

P. hypsinotus larvae

Developmental Parameter
stage

Elapsed Body length Dry wt. J/ind. J/molt

time(days) (mm) (mg)
Zoea 1 0.00 597 0.14
Zoea I 4.11 7.10 0.24
Zoea 1 10.70 8.04 0.32
Zoea IV 16.83 10.51 0.48
Zoea V 26.95 1141 0.71
Zoea VI 33.88 12.66 0.88 17.07 1.19
Post larva 41.20 13.87
Table 3. Oxygen consumption of P. hypsinotus larvae

Oxygen consumption

Larval Mean dry wt.(mg)
stage 0, /mg/hr 20, /ind./hr
Zoea 1 0.14 0.843 0.118
Zoea 1I 0.24 0.929 0.223
Zoea I 0.32 1.122 0.359
Zoea NV 0.48 1.279 0.614
Zoea V 0.71 1.652 1.173
Zoea VI 0.88 1.838 1617




2) AbA 4]

zoea 43719 AL ML zoea 1719 0.118 ££0, /ind/hr oA zoea VI
71¢] 1617 w0, /ind/hrZ FALAgo] Agol et FH3) Z7}3QtHTable
3. H, HIAF U2AHEE FALAA WP} o] 0843 w0, /mg/hrol
A 1.838 w0, /mg/hr o Wl AA Ha} Folstgc AsiuE 2Yzlgg
8 A7 ZFo] 29 YA E Table 40 JehHUTE. zoea 17)5-E] zoea VI
71el A FALAgo] APHFE AU = F23) F713t9.  Table 40
Yebd tfAol YA & ALE3to] Table 20 BEAlE 2 SA49AE AnADo] o
2 FUAYAE ALtste] BH zoea [71%E zoea VIZIZHA] ALE® diA}ol
YA = 1622 Jol At

3 A4 F

zoea FA9 AAHAZTH A2 IR E Table 501 JEFAUTE.  zoea
[71%E zoea VIZ]ol ZAA 51 nauplii/zoea/dayol4] 121 nauplii/zoea/day<]
Aol M AL M3 A Artemia nauplius A FL FA3] Z7sigct
Hol] & Artemia nauplius 1 vlele] HF AZRXFFL 197 wgolm dux
FE 4619 cal/mg dry wt. (2, 1989)& Al&3te {AGAY AHAANUAE A
ettt zoea 171 &5l 193 Jo dUAE HHaHon, FAYAHol 2 Y
"ol ue} HAoldxe F7138t zoea VIZI&= 459 Jo olyx& 43t
ool 2t 2 FE Table 20| Yeld Z+ FAGAE AAAZIo] dE £ 42
ol 2= 140.88 JolAtt.
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Table 4. Estimated metabolic energy requirements of larvae of P.

hypsinotus
Daily respiratory energy expenditure
Larval
stage J/mg dry wt/day J/ind./day
Zoea I 0.452 0.063
Zoea II 0.496 0.119
Zoea I 0.600 0.192
Zoea IV 0.684 0.328
Zoea V 0.884 0.627
Zoea VI 0.982 0.865

Table 5. Mean daily food intake of P. hypsinotus larvae fed on
Artemia nauplii

Stage No./zoea/day ug/zoea/day J/zoea/day
Zoea 1 51 100.47 193
Zoea 1I 64 126.08 243
Zoea I 81 159.57 3.07
Zoea IV 93 183.21 3.52
Zoea V 110 216.70 417
Zoea VI 121 238.37 459
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4) iz 2 2 HHEE

Aol mE A ARG 2 gAY ANYA gF(Ex)L Table 2014
YeEtd AE ALt diAlY X (M) Table 33 40 HAE g B
B AAre o

A iADe 43 AAZF A3 A4 A(Table 52 $E 7139
o 89 oz widE AUAE)E 48E FFA ¥ A ANt F3
A= (A)S] zol2H ALrsdd. H FADA e FFH AUAFAE
Table 60 YEtUTE <dwtH oz {Ao A LAY o] F4£3]
F7ht e T, 4, 294, 3F 9 WAL dFo] IPLFE A3 F
74t Tt

T3 9 zoea Y wEdAlo ME YR 4XE Table 6 JEMNRATH
Zoea 17191 M zoea VIZ|7HA18] F 3 AUz = 14088 Jolen, g &
2 10640 Jo AUA7t AHEHAY. 7 oy RA] £2] FHLAEY] A Ay
Aol ik WELES HAHEH GFo] 1212 %, A7 084 %, ALY R 7}
1151 % 28l 8¢ #o2 7553 %At Zoea I7]1%E] zoea VIZIZHA 9] 5
gl ae Aal dAoA e 2447 %< 3448 JolRod, zt oz &2 T
BoAES FaoURAo] g HELEL JFo] 4951 %, EH A7} 345 % 28
I At 2] 7} 47.04 % Aot E3¥, zoea [7]191 A zoea VIZI 7R 9] F A4k
A F5stldA g 5296 %, FAANUAY 1296 %< 1826 J2 AFe=z
g A= 9348 %, 29 A2d Y= 652 %

A9 A, A% €9 € 3FE AP A5ZRE YHEAE L TP
T THALE 2447 Ao, FEAFEE(K, )& 1296 %, «4FEE(K
2 )& 5296 %E uYEbt)



Table 6. Cumulative energy budget for the zoea stage's development
of P. hypsinotus

Parameter Abbreviation  Total % P % A % 1
energy(])

Molting Ex 1.19 6.52 345 0.84
Growth G 17.07 9348 4951 12.12
Total production P 18.26 100.00 52.96 12.96
Respiration M 16.22 47.04 1151
Tatal assimilation A 34.48 100.00 24.47
Excretion &

egestion E 106.40 75.53
Ingestion I 140.88 100.00




Iv. z

AR el RBAZIY Z@AM e sl wat tha zbolzh UTHH,
1971; /B, 1967). Y& HokkaidoollA] E3HA1$-2] X FA17| 9} H3lA]7]= 8K
A 9dol AtRhate] 10€olA] 119 388, o]F of 6719 F2 29 %E 39
7hA] FEgtct st th(garashi, 1951). ¥ A3 ZA# et FdAe w3}
g9 Abd 2 ZFAIZE YE Hokkaidodld 2ol 1719 AT =& 9¥aA

3 487X on, F31A7] A 1Y 71 & 39l 5¥olUnt. B3}
7t dud A 28E 29 390 4A 16 vlg F 5 viaE 313 %Q:,
490 = 25 vle] F 7 vielE 280 %tk S5¥ele 4R A A B 98
d JHA 49 73 45€ A 39 BHod 2 28 o] 2 H 599
A Aol REdg MAQL He B2 AFYY 240 7198 Aoz Az}y
otk s 9L el A71E ¥ Igarashi(1951)E FF 30| 37 mmo| 4t
o] A M T50~3,000/M F& g Y, RS A 095~1.30 mm,
@74 07~11 mmat Bustgdoh KA97TDE Y AGelM 79 F&dA 9¥
el Z7% 9F 08 mm, @7 °F 06 mme] ¢g 2,000~80007] ZEt) sigeo
o, ¥ jA Y A7)0 el 4w BAZL UG s B Q7o x@Ss
¢t 7HA el Z7)E Fe = 437.1 CL—12,453 r=0.63932 4] #k(1971)2] H 19} o]
A8 BAE BYn, TJFE 3766~1250070(H T 7677702 Igarashi(1951)
& M 197D AFoM Hoh B IFLE g EIE gAY Ve F
34 41.0~529 mm(FF 467 mm)E Igarashi(1951)9}F #(1971)2] oA
2ot iAo EEEAa, G A7E Z7 13~18 mm, 9 11~12
mm=Z JA ZA Yebgd ‘

23 QAN EFHU AL g = 3NFE59 Y Loxe go] &4
Ase A4AEE dte A AdE FATE A2 25 x gRe =
A FRRd RRds THHE HAolth(lgarashi, 1951). # E(1992)E Y& B



b el AHEFd AAe 1Y sted A% 140 mm, FH3HE 40 mm
oj ol oA AdHgo] o]FAAn AFAANE ML-E FAT A 3ddA
4349 A 100~120 mm Z7M FHEg 83, Butler(1964)< British
Columbia |Gl EEo)] 93) ojq & =3 ¢-& 759 4%, 42 a=n &
To #3 AFNAN TN F3E AY 110 mmolA Kol o]Foxxn
AARZFA MAc 397 449 88 H7 FELY 200 mmet 23U
o, Igarashi(1951) Hokkaidool A9l A5 /e 119 ~12¥e HA 130
mm ©°j4 A7|NA &3 g ¥ 47 A eyl FadA =3
9 AARFA AA AV 2 AVE 99REH 9d 197HA, FFHRF 320~
468 mm(AF 171~217 mm)E ¥ £(1992)8] FAEFA AAZ7N(FHFHF 40
mm)¢} v]53 e}, Butler(1964)9 Igarashi(1951)7F 22t 2 3ngt SFQ3F
200 mm, A% 130 mmR s iR dHAEFA AAZL @A A
AEFA MA @A 7= Hokkaidod 11~12€x2te A7t ALHAR,
British Columbia #%9 3~4€3e ®E AHolg EH. Alkenst
Waddy(1980)= M AR che] 8743 o], AFAHA MAe] A7), A S
W, 9 ZAP 75 wet 3R AAes ®e ze|rh vk Eaghut
Ro, T3 ol ME o]eigt zto|7t Utk AZtEr

FELAY AFe BAC Q1o 3ol M XY dAEY FEFELF Sk o
g 2 Fel ZF7h7t A vEbtEd olgld xkol= Olmi 19} Bishop(1983)e] R
FAA Ay A, Asx, 2984 € FEHY gHiEol FHELEA AFHAA
BEgE v HEJASE FHEH

Hatsgo AUz 52&& 3] faiMe duA FAE FHE37] Al
O AR AEALE A¥EA ZASIE o] dids] FasoH(, 1989).

E3HH S zoea ®AY ¥ AT AT HEEY AHAAF(growth
factor)= A% F7te} o] gz FAhdte ZEE BASY zoea M7IoA
zoea IV712 & o F7}3t|ct olejdt A& Aole Al{ Yoy Fo o
2} ztol7} Wrte Aol B s AthLeffer, 1972). oleidt AdAA] @& 4F &9
Hi3lE= 08 2 Mx E1a¥ v AtHCrothers, 1967; Hogarth, 1975).
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E=3 A S zoea FAY ZEFEL AHFo] FUEFE A HoR FrlEd e
olg{3t Ay trZ UZF o HA(Dawirs, 1983; Jacobi®t Anger, 1985)3 &-A}
a4t

T3 A9 zoea FAS A4 FS ¥H(1989)o] H 11¥ Penaeus japonicus®]
mysis F4719] 49 Aol#d 370 J} ¥l HAFHES JEdAG. a8y,
Penaeus indicus protozoea f+4|A¢] B 1(Emmerson, 1984)Ett= AR v A
2a205a=

T3 A9 zoea HAY HTE FIAEQY 2447 % Penaeus japonicus®
1762 %2, 1989ttt A Jetgew, Carcinus maenas®] 222 %(Dawirs,
1983)9} w3 ZHES ¥ o\, Rhithropanopeus harrisii®] 450 %(Levine$}
Sulkin, 1979), Menippe mercenaria®l 632 %(Mootz¢} Epifanio, 1974) %
Cancer irroratus® 77.0 %(Johns, 1982)°] vl3i= WA F& g BT ®
3 ZAHAZEE( K, ) 1296 %EAM Penaeus monodon®] 11.1 %(Kurmaly %,
19890 ¢t vjs=%F 7S B o, Carcinas maenas® 3.3 %(Dawirs, 1983)H.t}
= 84 =4 vebdd, a8Y R harrisii, M. mercenaria R C. irroratus®)
FAFEE 23~39 %(Levine®} Sulkin, 1979; Mootz$}t Epifanio, 1974; Johns,
1982) Bt HAl 9e e Yty ol 3 2 &9 zole Z}Ze {AY
T4, 2AGAE, 3FE Yold FH, ARZUFA FFS U7 HEQY R

2 4zeg.

32



V. 8 oF

Saete 2249 AU Ul E3$(Pandalus hypsinotus)& Y T
Astel FHAAT VBAHE ZABRD, AUolN RSN the S o
# oz 28 ZASAT

1. 4oz s2teH

HATL), FFHBZFCL), v1Z3(UL), ¥ AFBW)ol g 59 FiAd
2 g o
93, TL = 31.1549 + 39813 CL (r=0.7676, n=118, P<0.01)
TL = 59.1227 + 5.3931 UL (r=06731, n=118, P<0.01)
log BW = —23906 + 25341 logCL (r=0.8017, n=86, P<0.01)
#7, TL = 235717 + 4.0520 CL (r=0.9457, n=240, P<0.01)
TL = 33.1699 + 59509 UL (r=0.9324, n=240, P<0.01)
log BW = —3.2391 + 3.0650 logCL (r=0.9829, n=220, P<0.01)
Ao e FFUAL £33 11.8~467 mm, &% 388~544 mm, A A&
A 320~468 mmAtt. FFLF 32 mmoldl AHE AR FAYD, FFY
% 468 mmol A AR dRoUTh T A ArlE FFRH 410
~529 mm% o™, ¢H 1vtejol] i HF ETIFE 76777R(E Y 3,766~ 12,500
MAck FEFELEA digd THF(F)Y BAE Fe = 4371CL — 12453
(r=0.6393, n=45, P<0.01)°] it}



2. 799 oAUx|l +Xx|

AP B3AZ =399 zoea FALE mWE MY, AY g3 2
Aol &g AUAFAE B4

=899 zoea HFA7IFE Ao 3 FoUR= 14088 Jolytt. o]
3 Aol AHgE oA e 1707 Joldln 5§, €3 R wide] A8 oY
A= 24z 1622 J, 119 ] 2 10640 Jolsitt

AAs Holo| thdt 53} A &(assimilation efficiency, A/1)S 2447 %c},
Aoz A oduxe FAHANYA gt NE&A FATFE&(gross
growth efficiency, K; )3 4%Fo3 A& F3olvAe] dig JLE &9 4%
& &(net growth efficiency, K, )& 2}z} 1296 %<} 52.96 %Attt 53to)ix] 7}
A3 diatal Aol ALEE R 242} 4951 %9} 47.04 % Th



Aiken, D. E. and S. L. Waddy. 1980. Reproductive biology. In “The biology
and Management of Lobster” (J. S. Cobb and B. F. Phillips, eds.),
Vol. 2, Chapter 4, 215~ 276.

Anger, K. and C. C. Jacobi. 1985. Respiration and growth of Hyas araneus
L. larvae (Decapoda, Majidae) from hatching to metamorphosis.
J. Exp. Mar. Biol,, 88, 257~270.

Belman, B. W. and J. J. Childress. 1973. Oxygen consumption of the larvae
of the lobster Panulirus interruptus (Randall) and the crab Cancer
produtus Randall. - Comp. Biochem. Physiol. 44A, 821-828.

Berkeley, A. A. 1930. The post-embryonic development of the common

pandalids of British Columbia. Contrib. Canadaian Biol., N.S., 6(6),
79~163.

Butler, T. H. 1964. Growth, reproduction, and distribution of pandalid
shrimps in British Columbia. J. Fish. Res. Board of Canada, Vol
21, 6, 1403~1432.

Carlisle, D. B. 1959a. On the sexual biology of Pandalus borealis. 1I. The
termination of the male phase. J. Mar. Bio. Assoc. U. K., 38, 381~
395.

Carlisle, D. B. 1959b. On the sexual biology of Pandalus borealis. Il. The
initiation of the female phase. ]. Mar. Bio. Assoc. U. K., 38, 481~

492.

Clutter, R. I and G. H. Theilacker. 1971. Ecological efficiency of a pelagic
mysid shrimp @ Estimates from growth, energy budget and
mortality studies. Fish. Bull. U.S., 69, 93~115.

Crnisp, D. J. 1974. Energy relations of marine invertebrate larvae. Thalassia
jugosl. 10, 103~120.



Crothers, J. H. 1967. The biology of the shore crab Carcinus maenas (L.).
The background-anatomy, growth, and life history. Field Study,
407 ~434.

Daborm, G. R. 1975. Life history and ecology relations of the giant fairy
shrimp, Branchinecta gigas Lynch.(Crustacea : Anostraca).
Ecology, 56, 1023~1039.

Dawirs, R. R. 1983. Respiration, energy balance and developmental pattern in
growing and starving larvae of Carcinus maenas L.
(Decapoda,ortunidae). J. Exp. Mar. Biol., 69, 105~128.

Emmerson, W. D. 1984. Predation and energetica of Penaeus indicus
(Decapoda, Penaeidae) larvae feeding on Brachionus plicatilis and
Artemia nauplii, Aquaculture, 38, 201~ 210.

Harms, J. 1987. Energy budget for the larval development of Eliminius
midestus(Crustacea : Cirripedia). Helgolonder wiss Meeresunters.,
41, 45~67.

Hod 197]. Pt odERR RSB EMBAAAR( tENME ), &
429, ¥R, 10, 103~116.

Hayashi, K. 1. 1988. Specific status of Pandalus gracilis(Decapoda, Caridea,
Pandalidae), Bull. Jap. Soc. Sci. Fish., 54(1), 73.

Haynes, E. 1976. Description of zoeae of coonstripe shrimp, Pandalus
hypsinotus, reared in the labratory. Fish. Bull,, 74(2), 323~342

Hogarth, P. J. 1975. Instar number and growth of juvenile Carcinus
maenas(L.) (Decapoda, Branchyura). Crustaceana, 29(3), 299~300.

Igarashi, T. 1951. Studies on Pandalus hypsinotus Brandt in Funka Bay,
Hokkaido. Bull. Fac. Fish., Hokkaido Univ., 2, 1~9.

Jacobi, C. C. and K. Anger. 1985. Growth and respiration during the larval
development of Hyas coarctatus(Decapoda : Majidae). Mar. Biol., 87,
173~180.

BE-# - 78 1965 dFFHd Mot 2 Aol diEd. FAY. F

' Ab R ZALR L 6, 1~12,



Johns, D. M. and J. A. Pechenik. 1980. Influence of the accommodated
fraction of Nr. 2 fuel oil on energetics of Cancer irroratus larvae.
Mar. Biol., 55, 247 ~254.

Johns, D. M. 1982. Physiological studies on Cancer irroratus larvae. 1.
Effects of temperature and salinity on the partitioning of energy
resources during development. Mar. Ecol. Prog. Ser., 8, 112~121.

Kim, B. A. and T. H. Jo. 1985. Studies on the fishing conditions of Korean
shrimp traw! fisheries and stock assessment of Pandalus borealis,
in the Southeastern part of Japen Sea. Bull. Fish. Res. Dev.
Agency, 36, 29~38.

N YEE 1967 ILEAAE( Frext ). tEURKBREBEAALC
BEFAAABRELCH P RAKFEIZA D), 276~289.

Kurada, H. 1962. Studies on the age and growth of Crustacea. Bull
Hokkaido Reg. Fish. Res. Lab., 24, 1~115.

Kurmaly, K., AB. Yule and D.A. Jones. 1989. An energy budget for the
larva of Penaeus monodon(Fabricius). Aquaculture, 81, 13~25.

Leffer, C. W. 1972, Some effects of temperature on the growth and
metabolic rate of juvenile blue crab, Callinectes sapidus, Mar. Biol,,
14, 104~111.

Levine, D. M. and S. D. Sulkin. 1979. Partitioning and utilization of energy
during developments of the xanthid crab, Rhithropanopeus
Jharrisii(Gould). J. exp. mar. Biol. Ecol., 40, 247 ~257.

Logan, D. T. and C. E. Epifanio. 1978. A laboratory energy balance for the
larvae and juveniles of the american lobster Homarus americanus,
Mar. Biol,, 47, 381-389.

Mikulich, L. V. and B. G. Ivanov. 1983. The far-eastern shrimp Pandalus
prensor STIMPSON (Decapoda, Pandalidae): Description of
laboratory reared larvae. Crustaceana, 44 (1), 61~75.

Mootz, C. A. and C. E. Epifanio. 1974. An energy budget for Menippe

mercenaria larvae fed Artemia nauplii. Biol. Bull.(Woods Hole,

37



Mass.)146, 44~55.

FERRA 1992, BEL Y=ol E KBS L UERITE. REEH,
20(2), 65~72. )

Olmi III, E. J. and JM. Bishop. 1983. Variations in total width-weight
relationships of blue crabs, Callinectes sapidus, in relation to sex,
maturity, molt stage, and carapace form. J. Crust. Biol.,, 3, 575~581.

RYHX 1979 P Y= ofld4E RSHEW, 812), T7~84.

Uh71<d. 1989. HAUALS S Bl %, Penaeus japonicus®] A #Atol & iz
55 FAeAda digt o] shubAlErSl =&, pp. 1~69.

Rothlisberg, P. C. 1979. Combined effects of temperature and salinity on the
survival and growth of the larvae of Pandalus jordani (Decapoda
‘Pandalidae) Mar. Biol., 54, 125~134.

Stephenson, M. J. and A. W. Knight. 1980. Growth, respiration and caloric
content of larvae of the prawn, Macrobrachium rosenbergii, Comp.
Biochem. Physiol., 66A, 386~ 391.

Vernberg, F. J. and W. B. Vernberg. 1981. Functional adaption of marine
organisms. Academic Press, New York, pp. 1~347.

Willow, R. I. 1987. Population and individual energetics of Ligia oceanica(L.)
in the rocky supralittoral (Crustacea : Isopoda). J. Exp. Mar. Biol.
Ecol., 105, 253~274.



AAre 2

5 AER FRE Jt2X FAR AEA AT
S ol =AU ol & =89 HAIE Wol
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LAY FRANEREH AZAA 82 FHE HFA LA usd, o
ApdAE Yo A=EHYG
EY =] YAHZIAA B2 =83 23S FA ZSdYga vy =
THAE ZA=EHUY. obg2 B2 ARE B3t FAIx FHH FA
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