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Energy Budgets of Pandalid Shrimp Pandalopsis japonica

Larvae in the Different Larval Stages
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The energy budget of the larvae of pandalid shrimp, Pandalopsis japonica, reared in the laboratory from zoea to post-larva was

investigated. Energy used during the growth of the shrimp larvae was calculated daily for feeding, growth, molting, and metabo-

lism. The total energy used was 16.2 J for the entire larval stage. Molting energy loss was estimated at a total 1.03 J. Energy used

for respiration was estimated at a total of 1.85 J. The intake energy by feeding reached a total of 77.69 J. The total sum of energies

used by excretion and egestion was 58.61 J. Larvae assimilated 24.57% of ingested food and used 84.91% for somatic growth. The

gross growth efficiency (K ) was 22.19% for the entire larval stage, and the net growth efficiency (K,) was 90.31%. Maintenance

costs were estimated at 9.69% of assimilated energy for the entire larval stage.
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o] A7|1& SAsIelth 84 542 A 4= HAsH] 9
off AE F2l A HA 2 Sk, 548 g A o | A
T 2 Hx2sHE E9AY 4 TAE st HAE T

| &3 P ARS(] ton) oA RobA] HAE T
912 2gekic. AR} AL vhu B2 A o] wro
ol 4 F710] Q% 27K o] 241712} & EHn| 2 (OLYM-
PUS IX70)& ©]-83}4] 0.01 mm T2 =431}, ot =
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Fig. 1. Relationship between intermolt periods (day) and body

length (mm) of Pandalopsis japonica larvae by rearing period after
hatching to zoea larvae.
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Fig. 2. Relationship between intermolt periods (day) and dry
weight (mg) of Pandalopsis japonica larvae by rearing period after
hatching to zoea larvae.
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Table 1. The intermolt periods (day), body length (mm), body
weight (mg) and total energy contents (J/ind. and J/molt) up to
post larvae stage of Pandalopsis japonica larvae for different larval
stages

Body Dry
Larval Iqtermolt length  weight J/ind. J/molt
stage  periods (day) (mm) (ma)
Zoea | 0 8.22 0.37
Zoealll 10.24 10.64 0.52
1847 1.72
Megalopa 9.45 12.98 0.96

Post larvae 10.94 45.81 414

B8R sfo] Takgich BY/PAIRLA Ao chat 4,
Y, a9 5B ZAT ARE Aol e BRES

Astict.

3} E G (Pg+Pe+R)/C X 100 rwewerrereesermensenenn. ®)
@A A3 5 52 oFo] EES e

2 AAAL(KL); (Pg+Pe)/C X 100 wwreeerermrnmenens ®
@A A 5 dFo = Aehd o] HEE-S Lyehdct
2 AR A E(K2); (Pg+Pe)/ (Pg+Pe+R) X 100 -+ @
DAL 31 5 Ao = ARy oFo] w282 LyeRliT)

2

A A ofexeE

Q7S 23 3 FapARte] wE A A
4, Az 2 A A Y | ARk Table 19
B iTh. Zoea I 79l 4] post larvae”|7bA] o] A7-d7d3} A
AL Al ST Bgon, ZH2F BL=6.7204¢"5% I
(R?=0.8392)2} BW=0.2866¢"07% " (R>=0.9149) ©.& E}
thFig. 13} 2).

7ol AREE olU A] &, A U A] FHeF2 J/ind. & AH=Es}
At Zoea I 7|9 A post larvae”|71x] B EjSl= 59t mega-
lopa7] o] A oA A| = 18.47 J 9] oL X & A/ ol AHE-5H3
o, /g7l =HtE o] zoea I 7] ol 4] post larvae”] 74| Eru] 5}
£ B A oA 2 AR A2 1.72 Jo] R tk(Table 1).

ALAAH|

ST 728719 Ak AsB| 2 zoea T 7] 9] 1.524
uLO,/ind./dayl| 4] megalopa”] 2] 4.308 uLO,/ind,/day = -8
ol ket F71st 3l tH(Table 2).

Table 2] Urebd AP AL 2] 5 AR8-510] Table 1] 3EA]
7 GATAE A mE tiAtel U A E AR A
zoea I 7] 717} B2t 0.358 J, zoea Il 7]+= 0.520 J, mega-

Table 2. Individual oxygen consumption rate and respiratory en-
ergy expenditure of Pandalopsis japonica larvae on the different
larval stages

Oxygen Respiratory energy
consumption rate expenditure
Larval stage
- A J/accumulation
uLO,/ind./day  J/ind./day of each stage
Zoea | 1.524 0.035 0.358
Zoea |l 2.395 0.055 0.520
Megalopa 4.308 0.098 1.072
Zoea | - 8.227 0.187 1.950
Megalopa ’ ' '

1 mgO,= 3.38 cal (Gnaiger, 1983)
1 cal =4.71x10*J

Table 3. Consumption rate and consumption energy of Pandalopsis
Japonica larvae on the different larval stages

Consumption rate Consumption energy

Larval stage  Artemia ind./ Artemia ug/ |, Jlaccumulation
. . Jlind./day
ind./day ind./day of each stage
Zoea | 36.9 72.69 1.40 14.34
Zoea || 71.0 139.87 2.69 25.42
Megalopa 169.4 333.72 6.42 70.24
zoea | - 2773 54628 1051  110.00
Megalopa

37.9 ml/Artemia nauplius (Park, 1989)

lopa”] 717+ %
AH)E E AL

il O u

otol|= 1.072 J& 2+2F An|5ke] $-A7]7F Eol
ZeH]o Y A= 1.950 Jo| It} (Table 2).

A-I;‘:l
Shy

Y7 ESA-2 zoea FA8E00 o8l A FE DT
T} A7HIH o H %] & Table 3o YeRH S Zoea T 719 36.9
Artemia/ind./day©l| A megalopa”]2] 169.4 Artemia/ind./day
THA] A ] 213t oA Hold 35 J4 8] 5715
th. Zoea I 7]+= 1.40 J/inds./day 2] oV X & A Fsta L, A%
Slo]| ul2} 5715k0] megalopa”| = 6.42 J/inds./day 2] o L A&
A51513ict. Table 1o Urepbd ZF A8 THA - 7 pA| 7o w2
ZF A G AAFH U A E vhg o2 A 547 B2t A ol
7= 110.00 J ©]3{THTable 3).
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)7 9] o] 2] 3 2k(Pe) Table 104 A1 A}S AME-511
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Table 4. Energy budgets of Pandalopsis japonica larvae on the dif-
ferent larval stages

Larval stage C Pg Pe R E

Energy budget per hour (mJ/larvae)
Zoea | 58.33  9.80 0.91 142  46.2
Zoea |l 112.08 18.82 175 221 89.3
Megalopa 26750 4492 418 400 2144
Energy budget for the each larval stage

(JNarvae)
Zoea | 1434 241 022 035 11.35
Zoea |l 2542 427 040 050 20.25
Megalopa 7023 1179 110 1.05 56.29
Zoea | -
Megalopa 109.99 1847 1.72 1.90 87.90

on, 5.3 Aol 2| (R)= Table 20] A= 23] A4ba 2.
“12) 7 Aol 2I(C)iz Table 3] 2171 AL 321 2k 44210l
U 25 ARSIk wlA(U) 2 REEE) v A A
29k Fatel i A(A)e] ol Al At A §
7] Bte] 011 2|44 S Table 4o} vtehfgiet. Zoea 1
7100141 megalopa7]7H4]9] % A4 Hel LA 109.99 Jo] ]
o, o512 AAe] 1847 1, &) A| £40] 1727 183 5F
o 1.90 1] o128 AF§5he] 12} 2.0 2 87.90 19] oLl 7}
A} o] o] FolA) k= 0.2 FAkE ek,

HElEE

SNBSS $42) 47, 44, 29 4 35E 24
3t ZbR 2R E A ELS Table 59 et A0 5
3aE-2 20.08%°| o, & }\j;g‘ji‘%(Kl)“% 18.35%, <= A
ALK 91.39%2 Uebth 7t o2 T as
=9 AFfelld Aol ek wEa-2 7ol 18.36%, S A7t
1.56%, AL AR 7} 1.73% “12]31 b9} B0 & 79.92%0] 9]
o} Zoea 1 7€ megalopa”| 7141} & 3ol 1 213= 22.09 1
ojglom, Zh oY A 4=2] 74 8459 “g3fol U x| thgh #

Table 5. Accumulative energy budget of Pandalopsis japonica larvae for

280 AAo] 83.61%, Bl A7} 7.79% 12| 3L At x| 7}
8.60%9]%t}. 3t zoea I 7]l 4] megalopa”| 7HA] 2] & AJAF
N A= & 3kl A 2] 91.40%, F-d F oA A1 2] 18.36%41
20.19 J o]Qjch.

o E

AE=EY A|A 5 wefsl] lsiAe 1 AL A
SRS AESHA 2AKsHE o] AdiE ook giet. 2o A
-2 2ol whet theket Whg-S o] A|Wk(Hartnoll and Dal-
ley, 1981), 53] 45, 4% 4 tiAES ASdAE= e |
TS Hole= Zo® dEA th(Reeve, 1969; Hiroko et al.,
1990). A2t H2H A9 A dutE o2 Aol

2 AFAAo] X420z Yehdtk(Mootz and Epifanio,
1974; Logan and Epifanio, 1978; Johns and Pechenik, 1980;
Stephenson and Knight, 1980; Dawirs, 1983; Park, 1989). &
AN e EF7HA A9 +A8E B o5 T LT A]
2 AAAAE B ALt o] 9f Z-2 A= Decapoda] Carcinus
means (Dawirs, 1983), Hyas coarctatus (Jacobi and Anger,
1985), Isopoda?] Ligia oceanic (Willow, 1987) ¥ Cirripedia
9| Elminius midestus (Harms, 1987)o| A= -2 A
Helrt.

EF7HE2AS A9 At S fAUSo] MeyE
TE NG 282 S7HE Beltt. o]= C. maenas (Dawirs,
1983)&} H. coarctatus (Jacobi and Anger, 1985)0]| 4 &= -F-AFSt
A= AF STkl wE AAu]E Y] 7= ARl EE A
7ol QoA AukAQl ZgFolth(Beamish, 1964; Fry, 1971,
Dabrowski, 1986; Degani et al., 1989; Cai and Summerfelt,
1992). SHANE AbaaeB] &2 F3o | 2| 9] 2/35 AA|6h=
Ao Zof] fFsl= A S Z(Clutter and Theilacker, 1971),
2 Aol Aol Lol {7l whE AR of 2t 4
& Aol - Sk 7 o] Aol whE Tl AlS F Ak
axHlE a0 AABAS YA 2= A o= deA Sl
(Chin et al., 1992). 57X EF29- Y A3 FS Park
(1989)0] R 118t Penaeus japonicus®] zoea FAJ EThH= EX

whole larval stages

Symbol Total energy (J) %P’ %A %C’

Molting (Production) Pe 1.72 8.52 7.79 1.56
Growth (Production) Pg 18.47 91.48 83.61 16.79
Total production P 20.19 100.00 91.39 18.35
Respiration R 1.90 8.61 1.73
Total assimilation A 22.09 100.00 20.08
Excretion & Egestion E 87.90 79.92
Consumption C 109.99 100.00

" %P, Total production rate; %A, Total assimilation rate; %C, Consumption rate.
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oo, mysis FA8 T} Bt A FHF R YEhigich 17
Y, P, indicus®] proto-zoea -+ =7 1% I tHEmmer-
son, 1984). o]o} 7h-2- oF 4] Zpol = Fhafl A A--Ql & A+ T
F2 U Fof Bla|A 2 zoea”?]| S 217 Wl Zl o2 HrthE
o, o] SO R SR F Afol= §lE A o' I
ARk, W] L= A= QAT

ER7MAIESAS f8Y FIAES 20.08%=, & At
o} 22 Y F3lase Al-Fel Penacus japonicus®)
17.62% (Park, 1989)2} v|Sxet 588 BTt shAR AR
Carcinus maenas®| 22.2% (Dawirs, 1983), Rhithropanopeus
harrisii®] 45.0% (Levine and Sulkin, 1979), Menippe merce-
naria®] 63.2% (Mootz and Epifanio, 1974) 2 Cancer irroratus
9] 77.0% (Johns, 1982)2} H| W &F31 S w= Bl A W2 53}
8L Hol= A o2 ZAME I ¥ Neomysis intermedia
A AT =AM 2+ 85.65%2) 81.99% 2 Choi et al.
(1997)0ll A =A] HarE| e}, F3ka-go] 7| Hil% Choi et
al. (1997)9] Aol A} Zro] md Aot Ao Al vl =2 &
stago] ygt7] wiioll AlFet -7 222 oA o
ARE0] afo| = Qlsf He|A-ate] P japonicus®t & A T
T FAollA FE Fetago| Ugld A o2 sekE

EH7HESAY T A EE(K )= 18.35%=A & A+
Z3}1]5=3E 37) 9] 9721 Bl A9-312] Penaeus japonicus
E EZ3sE & A5F91 Menippe mercenaria (Mootz and Epi-
fanio, 1974)} Cancer irroratus (Johns, 1982)°] 4] 23.2-39.5%
O] W Q|2 v]s=6lA HALE| ARt e Af-$-5+(Pandalus hyp-
sinotus) (Kim, 1995)} & 7|53 Carcinus maenas) (Dawirs,
1983) & LA o] Neomysis intermedia * 52} /3 A|(Choi 1997)
ol A= 3.3-12.9%9] i A FHTF W& F A Eo] Hil
ot & AFEEK )= 2 AT T L2 A FE e
2 3 Park (1989)2} Kim (20002 Z+2} 65.00%%} 91.39%2
UebA] 2 Aol s S = aaS Bloh &3 Choi
etal. (1997)2] F-3A4 12721 Neomysis intermedia |51}
Aol A 5 85.76% %= HALE| AL, Aol A e Ao u)
2} T2 7] = SFAIRE 57-83% Abo] 9] /3 A Eo] AN }lT
(Harms, 1987). 2= 2H7 1} A 2] 2] Q1 £ Z12] a1 F5of w2t
A Fota e W S A& Aol A A E Sl =
A QI Afo|= HolA| oF= A0 2 Hol FRYE S &5 B3t
At A 71 H] 52817 dizoll Bl A et A e eSS 1
o= Ao = HetEr

At o g gejye et e aE] 2tol= 7HA1o] 2719
A5 W S50l weh B2 2ol & Hol= Aow wetEr
E3F 2 AR Wske wE AEASE 247 v gkt
A, et Teal fE Ao et tEA Y= &
o]} g3 d(homeostasis) 24 H|7hHFol 23t H5-4] 2l vk
-S-(Spanopoulos-Hernandez et al. 2005)0] 4] 2= A 0.2
=

2 AP BYUSANER PGS LAY )
o202 A
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