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Growth and Energy Budgets of Greenling Hexagrammos otakii
Larvae and Juveniles Reared on Different
Diets and Temperatures
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The growth, respiration, ingestion, and ecological efficiencies of Hexagrammos otakii larvae and juveniles reared on
different diets and temperatures were estimated. A factorial experiment using two diets [non-enriched hatched Arte-
mianauplii (NEA) and enriched Artemia nauplii (EA)] crossed with two temperatures [natural seawater temperature
(NT, 5.1-8.5°C) and heated seawater (HT, 13 + 0.5°C)] was conducted to investigate growth and energy budgets of
Hexagrammos otakii larvae and juveniles. The energy used by larvae and juveniles for 6 weeks was calculated using
data on ingestion, growth, respiration, excretion, and egestion. In the NT trials, the energy used for growth by larvae
and juveniles was 0.121 and 0.129 Kcal in the NEA and EA treatments, respectively. Assimilation efficiency at NT
were 78.0% and 80.2% in the NEA and EA trials, respectively. Gross growth efficiency (K ) were 60.5% and 62.3%
and net growth efficiency (K,) was 77.56% and 77.71% in the NEA and EA trials, respectively. In the HT trials, the
energy used for growth by juveniles was 0.189 and 0.212 Kcal in the NEA and EA trials, respectively. Assimilation
efficiency at HT was 86.4% and 95.1% in the NEA and EA ftrials, respectively. Values of K, and K, at HT were 69.5%
and 80.43%, respectively, in the NEA trials, and 73.9% and 77.66%, respectively, in the EA trials. These results sug-
gest that enriched Artemia nauplii and higher temperatures (1320.5°C) are effective for rearing larvae and juveniles
of H. otakii.

Key words: Energy budget, Greenling, Assimilation Efficiency, Growth Efficiency release, Temperature
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Fig. 1. Growth in body length of H. otakii larvae and juveniles
reared on different water temperatures and diets for 56 days. (NT,
Natural sea water temperature; HT, Heated seawater temperature;
NEA, Non-enriched Arfemia nauplii; EA, Enriched Artemia nau-
plii).
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Fig. 2. Growth in body weight of H. otakii larvae and juveniles reared on non-enriched Arfemia nauplii (NEA) and enriched Artemia
nauplii (EA) at natural seawater temperature (NT) and heated seawater temperature (HT), respectively.
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A5 Ale/d7doll ARg-atsich. T3 HT-9] NEA oAl ARS:
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Table 1. Energy contents of a Hexagrammos otakii larvae and
juveniles fed the different diets {non-enriched Artemia nauplii
(NEA) and enriched Arfemia nauplii (EA)} and temperatures
{natural seawater temperature (NT) (5.1-8.57C) heated seawater
temperature (HT) (13.0+£0.5C)}

cal) = Wl 7k 2=, 222.32 cal2] oY A & A|ZA Aol A-8-5F5ITh
APA AH|

Feefjm] ZpA]ofo] Qlo] 2=, Holl AkaaH]E(mL O,/
ind./day)7d oFe A HH, ARS7I7E 5ol At HEof A
% S7FokSAth NTRol| A NEA-9F EA-9] A}2] of Ataaan]
A AW EY, Axsee] 71kl wet Fed o' St
3FATHFig. 3). NToll A NEAT-9] Ak4x4xH]E(mg O,/ind./
day)-& Y=0.2073x%"* (R>=0.8965)% LFebd 47} 9l9)om,
EATY] ARAAH]E-2 Y=0.2029x"%7 (R?=0.93)2 LE}IT)
(Fig. 3). whebA] =7 o Abar A vl a5 A EA7H(56 ) &<t
O] 2 o] ofsff o 2 7+7+27.01 mg O,/ind. X 28.15mg O/

Table 2. Cumulative oxygen consumption rate and maintenance
energy of H. otakii larvae and juveniles fed the different diets
{non-enriched Arfemia nauplii (NEA) and enriched Artemia nau-
plii (EA)} and temperatures {natural seawater temperature (NT)
(5.1-8.5C) and heated seawater temperature (HT) (13.0+£0.5C)}

Cumulative oxygen consumption

Energy contents (cal/g dry wt.) Treatment . Gross respiration
Treatment Initial content Final content mLO,/ind /56days energy (F|)<Ca|)
NT NEA 5,593.30 NT NEA 27.01 0.027
EA 547164 5,600.45 EA 28.15 0.028
HT NEA S 5,660.98 HT NEA 33.17 0.033
EA 5,683.96 EA 36.57 0.037
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Fig. 3. Oxygen consumption rate of H. otakii larvae and juveniles reared on non-enriched Artemia nauplii (NEA) and enriched Arfemia
nauplii (EA) at natural seawater temperature (NT) and heated seawater temperature (HT), respectively.

ind. & 4-vlstelon, 350 ARS-H At | A= 242} 0.027
keal/ind 2} 0.028 keal/ind. 1TH(Table 2). HTT0] A NEAT-2]
Az 28] (mg O,/ind./day)}& Y=0.2025x0%% (R*=0.9316)
UERE T, EATES] AFAAR]EL2 Y=0.2069x"57 (R*=0.9566)
2 Uehton, dxgeo] 37l wet 54 o8 Srtst
ATh(Fig. 3). whebA] A=Ak At e S5 A7 56 D)
ko] 2 Ro| oJ3] wo] MR 217} 33.17 mg O,find. 2 36.57
mg O /ind. & 4-H|5F3] o1, 4hasasH]of) ARS-H o | A= 22t
0.033 keal/ind.£} 0.037 keal/ind. ¢ tHTable 2).
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Table 3. Cumulative ingestion rate and ingestion energy of H.
otakii larvae and juveniles fed the different diets {non-enriched
Artemia nauplii (NEA) and enriched Artemia nauplii (EA)} and
temperatures {natural seawater temperature (NT) (5.1-8.5C) and
heated seawater temperature (HT) (13.0+0.5C)}

Cumulative ingestion

2 37kt on, Axjole] Axgakat 47t A #
Ali= NEA-1L} EALOll A ZH2F Y=0.8186x"% (R*=0.7773),
Y=0.8052x"48 (R?=0.8525)= L}EbTH(Fig. 4). A2 M 7t
AFHES ARFIH56%) 58] Aol o NEAT2F EA
ofl A 2k} 32.15 mg 33.07 mg2 A FsH e H, A 5ol ARS-E
oL 2] = Z+7F 200.13 cal, 207.42 cal ¢ tH(Table 3). HT-0]| A]
ApA| ol o] A xFwFt U7 A3 WA= Hol'H 2 NEAT9}
EATO A ZF2F Y=0.9969x"2155 (R>=0.4894), Y=0.9993x"25%°
(R*=0.8248) % Uttt om Hxgefo] F7ietol whet 54
© 2 Z7VeFeITh(Fig. 4). A3t A 388 AETH569)
S| Aol o NEAT-e} EAollA] 22t 43.62 mg/ind
45.72 mg/ind.& JF5H3 oH, A FH ol AR&-H of| L x]:= NEA

Table 4. Cumulative ammonia nitrogen excretion rate and excre-
tion energy of H. otakii larvae and juveniles fed the different diets
{non-enriched Artemia nauplii (NEA) and enriched Artemia nau-
plii (EA)} and temperatures {natural seawater temperature (NT)
(5.1-8.57C) and heated seawater temperature (HT) (13.0+0.5C)}

Cumulative ammonia nitrogen excretion

Treatment mg/ind./56 days Gfﬁ:rgﬂi:')m Treatment pg atoms-N/ind./day exgéﬁzf’] 2?35;(\'%')
NT NEA 32.15 200.13 NT NEA 2,017.28 8.19
EA 33.07 207.42 EA 2,182.33 8.86
HT NEA 43.62 271.56 HT NEA 3,186.46 12.94
EA 45.72 286.76 EA 5,874.73 23.85
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Fig. 4. Ingestion rate of H. otakii larvae and juveniles reared on non-enriched Arfemia nauplii (NEA) and enriched Artemia nauplii (EA) at

natural seawater temperature (NT) and heated seawater temperature

T2} EAo| A 22} 271.56 cal/ind., 286.76 cal/ind.©] %3t
(Table 4).
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(R>=0.9488) & Y=52.241x'%% (R>=0.9806)= L}E}}Ch(Fig.
5). A il g HEH56Y) 5] AR 9
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Table 5. Cumulative energy budget of the H. otakii larvae and juveniles fed the different diets {non-enriched Artemia nauplii (NEA) and
enriched Arfemia nauplii (EA)} and temperatures {natural seawater temperature (NT) (5.1-8.5C) and heated seawater temperature (HT)

(13.040.5C)}

Natural Seawater Temperature (NT)

Non-enriched Arternia nauplii (NEA)

Enriched Artemia nauplii (EA)

Parameter Symbol Total energy (kcal) %A %C Total energy (kcal) %A %C

Growth P 0.121 77.56 60.5 0.129 77.71 62.3
Respiration R 0.027 17.31 13.5 0.028 16.87 13.5
Excretion U 0.008 5.13 4.0 0.009 5.42 4.3
Assimilation A (P+R+U) 0.156 100 78.0 0.166 100 80.2
Egestion F 0.044 22.0 0.041 19.8
Ingestion | 0.200 100 0.207 100

Heated Seawater Temperature (HT)
Non-enriched Artemia nauplii (NEA) Enriched Artemia nauplii (EA)

Parameter Symbol Total energy (kcal) %A %C Total energy (kcal) %A %C

Growth P 0.189 80.43 69.5 0.212 77.66 73.9
Respiration R 0.033 14.04 12.1 0.037 13.55 12.9
Excretion U 0.013 5.53 4.8 0.024 8.79 8.4
Assimilation A (P+R+U) 0.235 100 86.4 0.273 100 95.1
Egestion F 0.037 13.6 0.014 49
Ingestion | 0.272 100 0.287 100
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Fig. 5. Ammonia nitrogen excretion rate of H. otakii larvae and juveniles reared on non-enriched Artemia nauplii (NEA) and enriched Ar-
temia nauplii (EA) at natural seawater temperature (NT) and heated seawater temperature (HT), respectively.

ind. 2 w2 5kgl om, kel of] ARG of| U X] = 212} 8.19 cal/
ind. ¥ 8.86 cal/ind. &itH(Table 4). HT-of| A il ZHekS
R LES (L CELIE T
o] Naswat G il 4o #Al= HolH 2 NEAT-}
EATol| 4] 717} Y=50.285x 120 (R?=0.9874) T Y=51.648x 17"
(R2=0.9831)& Lre}ch(Fig. 5). AA2AT} wojd &S 2
BPE6DBAL Hol oIs) NEATS EATAH 22}
3,186.46 pg/ind. ¥ 5,874.73 pg/ind. S viAstH 0™, eufAd
o] AFE-H o= ZFz} 12.94 cal/ind. 2 23.85 cal/ind.o| %)
CHTable 4).

OAX| X

Fieefu] 22| o] o] AHARS7IZE 56 FeF 2 H(NT-L}
HT#), Ho"d(NEAT-2} EATH)9] 4] o[ 2] 42| & Table 5
of Ureb Sick. NTEoll Al NEATE9] 79~ Al4d 7ol ARg-H 9
U 2]710.121 keal, 380 AHE-E =2 o 2] = 0.027 keal, &
A3 FA o R = 0.200 keal 24 & A Fold A of thaf A
A2 60.5%, 552 13.5%5 A5ttt Egh wulE 9 kvl
Aol A5l oL x| = Z+2F 0.044 keal@} 0.008 keal 2 2 417
o qzof| thal] 2F2t 22% 9 4%E AFA|8Et NT-Eel 4] EA
O] 79 Ag el AR | A7 0.129 keal, 5ol AHE-
2 oY A= 0.028 keal, ¥ AF 3 #3201 2]+= 0.207
keal2A] F A F Aol thafl 4742 62.3%, T3 13.5%
£ ApA[8toict. Eok HullE 2 wuf A of] AR of| U x| = ZH2t

0.041 keal, 0.009 kcal 24 2= A 2|of| U] 2o di3) 22 19.8%,
4.3%% AHAISFGITE HT7-9] 79 NEAFoll A A/d7oll AR
= IR 7} 0.189 keal, T80 AREE =2 o x| 0.033
keal, & 23t A YA = 0272 keal 24 & A F ol 7]
of thal] 44 69.5%, 8- 12.1%F AHAI5FEI T E3t FH)
Z 9 vl dof| ARS-H of L 2)= 22} 0.037 keal, 0.013 keal &
A Z AF AR ol dish 212F 13.6%, 4.8%= 2HA| 51T HT
T-0] 79- EARol| A Al 7ell ARE-H ol 27} 0.212 keal, &
ol AR 2] o 4 2= 0.037 keal, 24153t =2 o1 2] =
0.287 keal=ZA] & AdF Aol disl 442 73.9%, TF-
12.9%% A5kt E3 2ullE 2 i of] ARS-E o 4]
L 717} 0.014 keal®} 0.024 keal 24 Z A F oA 2 of] tiaf 2+
7y 4.9% U 8.4%% AR5t

MElS =

Fweln] 22019 HH, 4%, 55, Wil 9 FuiEE S
et Am 2R E Y a2 715ITHTable 6). NTof| 4] &}
2)01¢] B3lEa_L HolHg 7k} 77.56%, 77.71%= EAT
7F NEA+O]| vlal] =2 71 vepilon], & AFa&(K )
7+7F 60.5%, 62.3%, <= ALK, 78%, 80.2%= Lt
wtok HTHollA] A2 o] 9] 5ata&-2 Ho"H 2 7+7} 80.43%,
77.66%= NEAG7}F EA=L]| H]3l] 352 3hS Yepdl o, 3 4
FHEEK)> 22 69.5%, 73.9%, <= FFEE(K,)S 86.4%,
95.1%= UreRgch.
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Table 6. Ecological efficiencies of H. otakii larvae and juveniles
fed the different diets {non-enriched Artemia nauplii (NEA) and
enriched Artemianauplii (EA)} and temperatures {natural seawa-
ter temperature (NT) (5.1-8.57C) and heated seawater temperature
(HT) (13.0+0.57T)}

Ecological efficiencies NT NT
(%) NEA EA NEA EA

Assimilation efficiency  77.56 77.71  80.43 77.66

Gross growth efficiency  60.5 62.3 69.5 73.9

Net growth efficiency 78.0 80.2 86.4 95.1

n #

SAbEEO] oA 55 Totstr] fleiAl | AI4A1E
o] Aol 1 AEo] 43t EALE HeelA] 2AHE 2
o Fasjrt. E3F UWHA 0 7 o x| = AEA O] FEe] 71

.]

7&Aor gEER ol AEgte] glo] fARoR 11
gfsfjoF & Zlo] Holo] o A] FFoltt. FURE ofFe qlel
A sjo], A% tiatel, AR5 9 B a9ld] oJ3) et
A 4= Qlokal B 1 EItH(Keembiyehetty and Wilsom, 1997).
= Aol ARg-H o] Artemianaupliic= o7 272 =
7] Hol A& de] o851 gt 18U, Artemia nauplii=
I AAREC 2= G RETE] 4191 A o] ©Aof] A
o} A7} A Sh= 797 Eeh. whebA] siAF ZF2] o] €
37t Aol v Fatt B Y] EEXIAARE G
PRt 2N SZAIAFIL ek AAR 2ulE] 2o
of JoF 73kt Artemia naupliis 52 73-$- Artemia nau-

e

pliis FAIIIA] 7] A] Gl Ho| 2 FHFol= AR A&
2, 7% 1 AFo] P4 A7H2 Lreb} 9.0 (Cho and Hur,

1998), = A oA = 7Bl Artemia naupliis 53 A
Yol At EENA & A0S ettt F5
Fleelin] FEAYALN Qlof Apx]of wA|of g ALe] Qe
A8}s] 515 7] Y8l A<= rotifer, Artemia naupliis T2 1 =&
LS} A A = E e opn| e AbS o oA et Qe
E3F JLIE sho] Fieefjn] Apx]o] ] Hol 2 e it
ofyzh Mg 554 EFaEY oA e ol 719 |
o[ &5} Hwsto] Hol W EE50] FUsHA 7HAE Ht A
Hog grtel & L art & Ao ® wetech 1e)a AR
Ao A ejsha] B4 eeh AR W AE A ol o
3 4elaka] 177} o] ol zlo} 2 Ao,

Siolmo] AL clubAow A4Hel A4S Lehi
Zacn] xlofe] -2, Wol A4 oA HAHOR A
9 A4 AT Lrehielch ARlole] 28t A% Bl
£ 7619 mme]glon] A7 562 A4 LFNTT 9
F7}3lst Artemia nauplii 33EAT )= 16.40 mm, 5t 53}
3t Artemia nauplii 357-(NEA-)= 15.54 mm ©] 1L, 7}-&
Bfl<=HHT) 2] 743kt Artemia nauplii 3-H-HEA )=

o - 7Y

22.50 mm, 7t 5343} Artemianauplii Z5-+NEAT)=21.09
mm= UEFT 910] Ant2 RE woy e F 2jolE K
OfA] koLt 471 Aol qlofA B A aglor pLof
OJgt FgFol AA| 29 A2 AL E

Feefjm] 22| 9] of| | A =3zo]| whE THA| St Abas ]
F AASNT)Ol| A 2t 5815 Artemia nauplii (NEA)
9} JUESt Artemia nauplii (EAT) Ho|HE Zk2F 27.01
mg 0, % 28.15 mg 0,5 4ulalg.0.], 5go] A5 thatel
UXA]+= 22 0.027 keal?} 0.028 keal Tt 7Fal|=HTE)o
A+ o] ¥R 717} 33.17 mg O, ¥ 36.57 mg 0,2 424|514
1 350 AREE oY R]= 242} 0.033 keal2} 0.037 keal 2 L
epyith AAA o= WA S Ak aH]F ] WA= o AlS
o] F7VEFE AFA o7 FTel= AdE e gleH, of
= A1) A} Alo] S7FerS o B Al E U
B itk o] o 2 BaFE Al Fol Skl whet ohE A
A9} u 7R &2 vl A o2 27151 th(Dawirs, 1983; Jacobi
and Anger, 1985).

9] Atz n|Ro| F uff 2px| o] 9 AhaaH|EEe: Bolof tf
gF FFEThE o] T Ak g oJjt Aol = Al E T
FEO AR 2= YRS AL JlE A NS 2
Tof| whef Wt g A|o] WO tiaREo] A5lE7] wio]
tf T3t 4haaen]REE ofF Y 70| whet thEA| LEhA
U ol 7o) AEfAQl SAAIZAD whef tha 2po] 7} gl A
o2 Ak E, ofge] Ax[o]o] thARE-S 42, Hit H Yo
o] W= 59 27 adlof wet JEke Wtk BaEgr
(Almatar, 1984).

Zuehn] 2pxlofe] 4=, wol AL AHHOR
S0 37 A Blom Azgeol 7kl uet Azt
ML A% A9l F71E Leheleh. A7 7IKE 5ok A4
o] O] A FZoll theh A}t T3k 4=2of gt F3Fo] Zlom thAt
2ol| o5k Akt F4=2] Aol A 7191 A o2t Ak ETt.

A&l qlo] ehiuof Eul= T A o] 3Fakg (A3}
Of gt A o] mpR|u Abgolm, AE0] A ol AH], AAYA
ZQ1 e oF oA ohefet Tl o]3kakR-Of A ARt R THEE
T Q)TH(Griffiths and Griffiths, 1987). 12|} 7= u] 24| o]
o] 2, Hod &} Fo & AHlH oA Hl&E thE A
2] 2H-8-9] of L A| Ko w2 Bl -2 ZFA[ 817 wjsof] o | A=A
of n|Al= G 2A] o A= AR E T Calow (1985)2
Holo] Fotaa= Ho|o| Yot A7 gl =7]7} 2]0f7] ofF
O] o] o] g-of & 71ZIchaL Harshlar, EQE AHbA o
B 2A o= AR Yol o] Fatagol Hol FHlES 5
gh o x| o] o] et g & Aol A LehpA| T
(Bighead carp®] 7% 37-49%, Opuszynski et al., 1991), = 4t
W] §414 o)z Tl gkl & vlol g AHelnE 2
S S oA Aol A4 ofFol Hlsf gen®
Fotago] A vehdrh(E et o] % 61.4-80.0%, Lu et
al,, 2004)1L B =]} 2 AF o A= 7hal 4ol A ZE £3t
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3t Artemia nauplii 35-(NEAT)ol|A] 80.43%= 71 &2
A &S Y om YA Aol AL vlsdt g o
B i}, o] o 22 A= n] o] & uff Akaau| g A 3w
ouz|et g Faa&S 2o FFS WA = Ao R
EpSiTE o= 2w 3tol Akglo] A S A ARS-E]
= HE2 AT AR AbRHTY

o)t =2 oY g=Alof tigt g, A3, L%ta s 5
O A= FHAAL I A - F-a8}th AU A 25 o
g A= ZH2Fe| Fuprh ThER|YE 23} Ho] 1l 7 "hof A}
S0l wE ISTA 9] A IS el 4= 9lom QFA

AREO] AARY SR 9 P A0l SRAAE efelo] 1% 1 4
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