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Zoeal stage’s larvae of pandalid shrimp Pandalus hypsinotus, is distributed off the East
sea and esteemed as a valuable shrimp resource in Korea, were reared in 10C temperature-
controlled chambers and inverstigated the energy budget.

The total energy intake per larva of zoea I to VI stages fed on Artemia nauplii was
140.88 J. The energy loss by respiration, molting, and excretion were 16.22 J, 1.19 J,
and 106.40 J, respectively. The amount of energy used by growth was 17.07 J.

Pandalid larvae assimilated 24.47% of the ingested food. The gross efficiency (K,) calculated
by the equation of (growth+ exuviae)/ingestion rate X100 was 12.96%, and the net growth
rate (K,) calculated by the equation of (growth rate-exuviae)/(growth rate+ exuviae + respi-
ration rate) X100 was 52.96%. The percentage used for somatic growth and maintenance
among the assimilated energy were 49.51% and 47.04% respectively.

Key words : Energy budget, Larval development, Pandalus hypsinotus

A} = kesslery) P. gracilis §°| k. 1 F =3

L= BZREENEY Pandalopsis £9 E37}

Pandalus hypsinotus BRANDTE X3S AE2A(P. japonica) 53 &7 Follol]l A4

# (Family Pandalidae)oll sl #FAlel ke F2 A A0 shpolrt, i =3h4

Fo2 Ao} At v, dEllgh, B e ASFE HY F& Az A BE

ZFtolx gl el Fall Boll dE] B¥sln Fo| FANA Aoz AAY k= e &
SichH(Butler, 1964 : B%&, 1979). $elueld]  #4 K (Carlisle, 1959a, b).

A A Pandalus 40l T3NS n)Hslo] T3 A94(Genus Pandalus)dl B3 A7+

EEEZ NP, borealis), EFH TP, Berkeley (1930)7} FA¢Alel] wlZ ezt
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HHE - ol - g

EAL 71E T, 2 F A4, F, 223,
AR T ] A4slo} $hri(Igarashi, 19

51: Kurada, 1962 ; Butler 1964 ; Haynes,
1976 ; Rothlisberg, 1979 ; Mikulich and
Ivanov, 1983 ; Hayashi, 1988). =3, R%

(1979)0l] el FHAYA Ago] AAH v} gz
F.E(1992) ) 2Je oju) Aol ) A= ek

SEvtel At MAse R3S Lol TR
AFEx & 519658 Fdold =3t
TEEANEY Y Fel ] o] MESA o
T &3 H(1985) % HEHETANE &)
FAell B BHurl g ¥ UL uge=
FRE AFE o]FiAUA] Yk

A7l g AURAFERAE AN R AT
Az, 239, A4, 3F, o4, HEF 24 9
olvix] dekol] it APA odtel] oA B
A4E Holx ek (Clutter and Theilacker,
1971 : Crisp, 1974 ; Daborn, 1975 Levine
and Sulkin, 1979 ; Emmerson, 1984 ; Ha-
rms, 1987 ; Willow, 1987 ; 41 - %, 1995),
A 2 AT gl EEL Fele A
S e 2 FE dAA HEREH o2
FAAITEY AR HolKHE oldlish= FA
A Azt F F dod, A e
¥ 83 (Vernverg and Vernberg, 1981).

et B Ate A zoea A 44,
293, 3§, A4 2 AL FHs) §4
A A oz FAE BT ¢F F1
AR AxAge $£37 sgich

As 2y

1. AR

FAY A £AE A7) slsted 1994
2% 26% AUE 4 A] Azl 4 Al
i oj¥E A F wgkd &E 7HA ofF 11
oi2lE 4¥4e 1 m® polycarbonate FZol]
83l 5§ um9 cartridge filter2 33} 3
FE FFAHEA &g Rz 28R &

AL JE 1 m’ polycarbonate F=oll &
10C AFE 2-stdA Assds, Helge

:)-L,
Artemia®] 7t 232 naupliusE FHrh

m

2. Wy
D A%

A ANA AL 2] Hsked 300 mi
27) 80704l zoea 1 7} 8% 747 1vhel4 Yo
Artemia naupliusE =HolZ FHA o ofH
gIAE AL &, FA HADAE A HAZE
23 AF e A, YEFE 55 AR A
pplet BRAAEe] drhilA] Fgzhe] 4% E
A8 AdARE s n, AFHFE FALS
ol) 714 A BT F drying oven (Model KPI-
5500 MO)2.2 70TolA 2447 AZAAH
Aslgel. {4 9 gaAe g 5
3t71 3l #A49 22AE Y 10~20 vhe
29 AEsle] 5% FAZEYRA YT ¥
Haynes(1976) ¢} 71alloll wel 424 2hAlE
E53% ¥ AEEHA(Shimadzu Seisakusho,
Model CA-3)E FHslxich

au ox A

2) Ak

At Akl 28t &HlURE ZA67)
Hsle] AFFE AL EF 100~200 mle)
Aol FA9 =Z7)d) wel 10~20 =il
A B F, 10TaA 2~3A7F B3t 4
Aau|EE AAAEHZTI(YSI Co., Model 58)q

L
St A AF FEHEF Rol2 Sk
%} YA 33 S AUY BFAN2A T4

ArHEEe W2 ¥
Astgich 24 H AbA 41 Gnaiger (1983)
o B44(1 mg O, = 14.06 J)o) Wk A
Aol oldl 4nlE ARz Al 7t
=9 IFL ALl FEFe W] wTed
(Belman and Childress, 1973 ; Dawirs, 19
83), Abk4n] FAo] Byhs wiol &4 AT
2g AbaFe] 70~80% olstE HoixA] ¢l
23552
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3) Ak

ofFelle7 A AU 300~500 mi AHAr ol
5~10 ulele]l FA8L Y3, Hol2A Artemia
nauplius §488 ml & 10 AA7 HEE sl
24417t FRbe) AARRS ARSI 4 24 A
I= 53] whE A3l HEXEA §4 1 vlelg
U7+ 44 (nauplii/zoea/day) 2.2 UehHgic),

A4 AR = fA4 1 e} 35l HL Arte-
mia nauplius 55 ZAlste] dgog Ak
Atk Artemia nauplius 1 wlglE AzZgko|
1.97 ug, Al g ofyxjgeko] 37.9 mJ
olgl= 4H(1989)9] Kol wat 44] JlvAz
ksl

4) ovA] ¢z

Zh FASA 9 A e digk oA
FA T vhgel IAM ez F A Kurmaly
et al., 1989).

I=G+Ex+M+E

Q714 GE Aoz AH A, Exe
glof] ARE-E ouixolr ML tHAREEA A
A&vlEE Jelgich 89 Fof wiEHE) S
ZAFHA] %31 Dawirs (1983)7F AX3F 3
AR (A) 2} A A AR(D &) Zel(E=1-A)Z
BAarst i

5) Adas

E3h fA0el ol A4, A, €3 gl
35S FA3 AFE AREee] Zzhe i
2 oteie}h 22 BA ez Tl i Kurmaly
et al., 1989).

848 (A)=(G+Ex+M)/IX100
FA43#1E(K,)=(G+Ex)/IX100
AR EE(K,) =(G+Ex)/(G+Ex+M) X100

I

1 43 G A%
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#F aela AT 23A9) o] S Table
13 Fig. 10 veblic), 72 2319 zoea I 7]5=
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HFAAL 7.10 mmeo|gler ofF u[Ho| B
ZE R ok B3 £ 10.70€R B
8.04 mm¢e zoea III7IE =How, o] whAld
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o] A£85¥%w HFAAL 1051 mmch
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41 mm4%rh 2w B3E 33.88YUo] A=
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sl o] A e 12.66 mm$i
on MEEL 82.5% Gk zoea I 7]9Al zoea
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(r=0.9613)9] 23¢54 F7H8 23ich
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Fig. 1. Growth in body length during the larval
development of Pandalus hypsinotus larvae.

zoea 1 7]0ll4 zoea VI 7|17A] Al Fb
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Table 1. Mean values of elapsed time and biomass for the stages of P. hypsinotus larvae

Larval stages Elapsed time (days) Body length (mm) Dry weight (mg) Jind. J/molt

Zoea 1 0.00 5.97 0.14

Zoea 1I 4.11 7.10 0.24

Zoea I 10.70 8.04 0.32

Zoea NV 16.83 10.51 0.48

Zoea V 26.95 11.41 0.71

Zoea VI 33.88 12.66 0.88 17.07 1.19
Post larva 41.20 13.87

AAG(growth factor, %)< A& o] 7185
#astgi e, zoea II7I(FFAA 8.04 mm)
A4 zoea IVZI( HIEAA 1051 mm)E =
g SolstA FrHR Aol FEHcKFig. 2).
30r
Y=49.816x10 (=7 7879 ¢=2>) (r *=0,5847)

20

Body length(mm)

Growth factor(%)

Fig. 2. Relationship between body length and growth
factor of Pandalus hypsinotus larvae.
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Fig. 3. Relationship between body length and inter-
molt period of Pandalus hypsinotus larvae.

3k, 2] 7b7] (intermolt period, IP, ¥+
AHBL)F7H} 37 vhpafi ol A 2414
22 Frkste] log IP=0.411+0.0471TL (=
0.6279)2 Jeldel(Fig. 3). zoea 1718 4%
A AEE] zoea VI719] 13U 2] HHol] Zx] | Ao]

ZAGSE GATNE A48 Frhsigieh

7t FARAE Asn|EE Table 20 Uel
W3t zoea 43719 AHEaHEL zoea 1719
0.434 ulO,/ind./hroll 4] zoea VI7]2] 2.621 plO
Jind./hrE FARYe] Zehdol wet F243
F7rsiel Wi, AT oE Ah4nH|Ee
zoeal 719] 3.100 ulO,/mg/hroll4l zoealV 7]
4.094 ulO,/mg/hrel Hejoll ZHA HAx Frksl
glou}, zoeaV 7] 3.146 ulO./mg/hr, zoeaVl 7|
2.968 wO,/mg/hrE ZH4skgich

Abadng ZHRE 2R Y7 Sl 2
AYAE AlAFsted Table 30l YER T A2
1€l &8F oUAIE zoea 171914 0.103 J
/ind./day$l3, zoea VIZ|olA 0.617 J/ind./
dayE o] AP HFE 43 Frisldch
T FAGAE AEE 1€ 46E AUvA =
zoea V7] FAo1A7 0.967 J/mg/ dry wt./
dayZ 74 =3 zoea VIF-Ad47E 0.701
J/mg/ dry wt./day® 7} 49tk Table 39
eRd tiAbl LR & ARE-slo] Table 1ol EAIR
7 FAGAME Akl W2 EdAIVRE
AAslo) B zoea 1713E] zoea VIZI7HA| AF
€3 AARIE 16.22 JolArh
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Table 2. Oxygen consumption and respiratory ene-
rgy requirement of P. hypsinotus larvae

Table 4. Mean daily food intake of P. hypsinotus
larvae fed on Artemia nauplii

Larval Mean dry Oxygen consumption Stage No./day ug/day J/day
stage wt. (mg) mlOy/ind./hr mlO,/mg/hr Zoea 1 51 100.47 1.93
Zoea 1 0.14 0.434 3.100 Zoea II 64 126.08 2.43
Zoea II  0.24 0.796 3.317 Zoea 1II 81 159.57 3.07
Zoea 1l  0.32 1.228 3.838 Zoea NV 93 183.21 3.52
Zoea V048 1.965 4.094 Zoea V 110 216.70 4.17
Zoea V  0.71 2.234 3.146 Zoea VI 121 238.37 4.59
Zoea VI 0.88 2.612 2.968

Table 3. Estimated metabolic energy requirements
of larvae of P. hypsinotus

Larval Daily respiratory energy expenditure

stage J/ind./day J/mg dry wt./day
Zoea I 0.103 0.736
Zoea I 0.188 0.783
Zoea I 0.290 0.906
Zoea N 0.464 0.967
Zoea V 0.528 0.744
Zoea VI 0.617 .0.701
3. AAE

zoea FA9] U7+ AT A7 AR E
Table 40l UelNch. Artemia nauplius #
Aell gk 7+ 8o L7HAERE zoea 17]142E]
zoea VI7]oll ZX 51 nauplii/zoea/dayoill 4] 121
nauplii/zoea/day®] HWHZE FATAYe] ez}
A F7bslSich =olMEQ] Artemia nauplius
1 viele] HFF AFHL 1.97 pgolar oviR]
L 4,619 cal/mg dry wt. (3} 1989)22
A=A FAGA 2] A AR zoea 171 1.93
J/dayQ, frAlukAe] Zldgal wel 44y
A F7ksted zoea VIZIE 4.59 J/day RAth

olAte] z2g HE| Table 1o vehd Z+
FAGAE  AA ]| B F AAAAE
140.88 Jolgich

4. A F2] 9 AEg

AANURA (D= 287F A= 47F A4
WA 2 2] H7kslo] Table 49 Vel e}, Table
1014 Table 47kx]8] AAE EdiZse] =3}
S zoea7]l FAN WE ClUiAIFA] I Al
H8E Table 590 JelHt) zoea 1719 A zoea
VIZ17HA 9l & 73 AAdvAE 140.88 Jo]
o, 89 o= 10640 J9 AUA7} AHS
Hodeh ZH YR 2 #4845 A4
Aofl i3t WEEE Amrd 44 1212 %,
2|7} 0.84 %, HAlAR7} 11.51 % 28]a
29} Hoz 7553 %%k zoea I7]HEl zoea
VIZI74R) 9] FE8touzE Axl A4dhix] ]
2447 %< 34.48 Jo|glon, 7} otz $A
TARAREES] FHoU Aol g WEEL Aol
49.51 %, 23|17} 3.45 % 2El3 Aol =)}
47.04 %}, =%, zoea 17|94 zoea VI7I
7R 2] FA AR = F-53tellA] 9] 52.96 %,

Table 5. Cumulative energy budget for the development zoea stages of P. hypsinotus

Parameter Total energy (J) % P % A % 1
Molting 1.19 6.52 3.45 0.84
Growth 17.07 93.48 49.51 12.12
Total production 18.26 100.00 52.96 12.96
Respiration 16.22 47.04 11.51
Total assimilation 34.48 100.00 24.47
Excretion & egestion 106.40 75.53
Ingestion 140.88 100.00

P ! total production, A : total assimilation, I: ingestion

—183—



Ao - oA - 971

et

EAAN 2] 12.96 % 18.26 J&E AAoE
A3 oUIA = 93.48 %, HIIAIE AnH o
YRl 6.52 %ok 489 A4, 44, €9
3 35S FAY As2Re s 73
Aok e FREEL 2447 2PowW, A
AHE(K) 2 12.96 %, TAZELE(K,)L 52.96
% 2 Epsdel

EU

HAFES o] &S Fdsir] HlA=
A2 A& FHelr] Hell 1 HE] WEAE
AgelA zARsle Aol dinks] FR3H(E,
1989). AZHE 7HE A9 AL e
g AAE Jepdt(Mootz and Epifanio,
1974 ; Logan and Epifanio, 1978 ; Dawirs,
1980 ; Johns and Pechenik, 1980 : Stephen-
son and Knight, 1980). A& AulollA AL&AZ]
S AR 24 3 AAe Ho
AAMATY Fe-et AR nlssigied, &
7252 A (Dawirs, 1983 5 Jacobi and
Anger, 1985 ; Willow, 1987 ; Harms, 1987)
IE HAHZ xRk

E3 S zoea FAS B2 A A
BBl AAAl(growth factor) = A& $71
o} tiEo] AR Fridsts FEFE B, zoea
171N A zoea IVZIZ & wfl SolslAl F7lst
ek ol2ld AAEY Aol AR ol Foll
wet xpel7t B Aol B iE ek Leffer,
1972). o13¥ ¥AX gk AAE] W3l b
FolAE Ead vl i Crother, 1967 ; Ho-
garth 1975).

E3H0S- zoea S ZFEL AFol I
45 vjdez Frlsigded oleidt Ade
e 7F9) F8(Dawirs, 1983 5 Jacobi and
Anger, 1985)3 fARIch

E32- zoea A9 AAEE ¥H(1989)¢]
23k BElA-2 mysis +89 €9 H4APY

3.70 I3} v AARE Jebddch aed,
Penaeus indicus®| protozoea +*8olA¢] ¥
(Emmerson, 1984) Hrl= ¥4 oA el

Z3AS zoea Sl AT FHAEY 24.47
% BN 17.62% (2, 1989) Brke EA
vebke ™, Carcinus maenas® 22.2% (Dawirs
1983) %} vl A3kE ©4.o, Rhithropano-
peus harrisii®] 45.0% (Levine and Sulkin,
1987), Menippe mercenaria®l 63.2% (Mootz
and Epifanio, 1974) 2 Cancer irroratus®]
77.0% (Johns, 1982) 0l ¥lzh A= 4 w2 ks
ok =3 FAZEE(K) L 12.96% A Pe-
naeus monodon? 11.1% (Kurmaly et al,
1989) 9} vls=$t g KI5, Carcinas mae-
nas® 3.3%(Dawirs, 1983)Xrch= ¥4 £
velom R harrisii, M mercenaria 3 C.
irroratus®) EFAAEE 23~39% Hoke ¥4
g2 2k Uebh o3k -89 Kol 77t
Ao Fd, dAckAE, FEE Hold FF,
Ag27 Bl % W) WEY AdeE 47

=t

Aol B =3}
doll w2 A4, A%, 23] 2 dAlel] BT o
WA E E4sigich

Z3A1-9] zoea A FA7]
ZolUA= 140.88 Jolgieh <]
238 qUAE 17.07 TN 3F, €9 9 =
Aof] AHEH oUAE 242 16.22 7, 1.1
106.40 Jo|ith

A48 Holol] it E3L4 & (assimilation ef-
ficiency, A/D 24.47% v}, Aoz gk
Avxe] FA4AolLR]o] gk WEEQl FAA
#-8(gross growth efficiency, K) I 4o
ZghEl E3lolviAell it MEE] SARES
(net growth efficiency, K,)-& 22 12.96 % ¢+
52.96% gk, E3tollvx|7t 244747 Al A
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