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In this study, energy budget was estimated to produce an efficient artificial seed. And it needs to enhance
fisheries productivity of sandfish, 4. japonicus. In order to estimate energy budget of the sandfish, A.
Jjaponicus juvenile fed on nonriched Artemia nauplii (NA) and the enriched Artemia nauplii (EA), of
sandfish were reared at constant condition of seawater temperature of natural temperature (NT) and heated
temperature (HT). During the reared period, energy used by the reared juveniles were calculated from
estimates of data on ingestion, growth, oxygen consumption, nitrogen excretion and energy content. Energy
budget of NT-NA, NT-EA, HT-NA and HT-EA were represented as 100C=66.49G +21.28M +(.78F +
1.44U, 100C=67.54G +21.40M +9.39F + 1.67U, 100C=66.86G +22.66M +8.01F +2.47U and 100C=
67.06G +22.96M + 7.70F +2.28U. The assimilation efficiency estimated NT-NA, NT-EA, HT-NA and HT-
EA were represented as 87.78%, 88.94%, 89.52% and 90.02%. Gross growth efficiency estimated NT-NA,
NT-EA, HT-NA and HT-EA were represented as 66.49%, 67.54%, 66.86% and 67.06%. Net growth
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efficiency estimated NT-NA, NT-EA, HT-NA and HT-EA were represented as 75.75%, 75.94%, 74.68%

and 74.49%. In this results, two ways could be considered to produce an efficient artificial seed of sandfish.

To hasten the growth of sandfish juvenile, heated seawater (HT) and enriched Artemia nauplii (EA) should

be inputted to reared condition. And to increase the energy efficiency, natural seawater (NT) and enriched

Artemia nauplii (EA) should be inputted to reared condition.
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Fig. 1. Variations in daily means of water temperature
during experiment time.
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Table 1. The average daily growth rate and total length during 56 days of A. japonicus juvenile reared at different
temperature and diet conditions (NT: Natural temperature, HT: Heated temperature, EA: Enriched Artemia nauplii,
NA: Nonriched Artemia nauplii)

i Initial total length (mm) Final total length (mm) Age Growth rate
Conditions
Range Mean Range Mean' (day) (mm/day)
NT-NA 83-11.8 10.0+£1.1 19.2-24.6 219+ 1.7 56 0.21
NT-EA 83118 10.0+1.1 21.3-249 23.5+1.5 56 0.24
HT-NA 83-11.8 10.0+1.1 22.0-25.0 23.1+1.0° 56 0.23
HT-EA 83-11.8 10.0+1.1 244-274 258+1.0° 56 0.28

'Values(mean + SE) in the same columns with different superscripts are significantly different (P<0.05)
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Fig. 2. Daily variations of dry weight of A. japonicus juvenile reared at different temperature and feeding conditions
during 56 days(NT: Natural temperature, HT: Heated temperature, EA: Enriched Artemia nauplii, NA: Nonriched
Artemia nauplii).
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FRA AU AZES ZA 5 (Table 2). 4
ZF Beko] A o1l A

Q8o A AFE 71 =
7t B313F Artemia naupliis ¥ H3 3 9=
15.83cal, 9 F7F3}st Artemia naupliis 343t
AL L= 22.16cal2 eI, 7Ll o A FE
R 3}3t Artemia naupliis ¥ H3 HA¢=
16.50cal, 9 F7F3}st Artemia naupliis 543t

AL 26.07cal 2 Ve T}

Ao Al ZAF B3}St Artemia nauplii@} &
OF7F3}3t Artemia naupliis &3 =35 ]9
= ZF7} 0.026 £0.003mg/day, 0.037 +0.004mg/
day2 A5 AH]5FQlaL, 7F2 8l g0 A 2t F
S}3t Artemia nauplii®} 4 7318t Artemia
naupliis T3t x]o]&= 2F7F 0.030+0.003mg/
day, 0.047+0.005mg/day 2 AtAE AH|5} T
(Table 3). 7} &850l 4] wo] 2 7lof W2 A4
2= Fo3t Zpo] & K glth (P<0.05).

A Ao At B3}l Artemia nauplii®}
OF7F3}3t Artemia naupliis &3 =35 ]9
L 717} 1.454+0.098ug/day, 2.413 +0.190ug/day

Table 2. Energy contents of A. japonicus juvenile reared at
different temperature and diet conditions (NT: Natural
temperature, HT: Heated temperature, EA: Enriched
Artemia nauplii, NA: Nonriched Artemia nauplii)

Energy contents (cal/g dry w.)

Conditions
Initial content  Final content Growth energy
NT-NA 4079.31 4095.14 15.83
NT-EA 4079.31 4101.47 22.16
HT-NA 4079.31 4095.81 16.50
HT-EA 4079.31 4105.38 26.07

(Arctoscopus japonicus) 2] ©] 2] of| | ] 4= 4]

o8 ALZ u| st

eshaol A 2 25
3t Artemia nauplii®} % F §]— t Artemia nauplii
E 3 EF5 A ol= Zh7F 2.677+0.123ug
/day, 3.900 +0.218ug/day = é_‘ﬁ: = w3l Sich
(Table 3). =23} Ho] BFO] =4S &e] P&
7d5-oll Aavfd o] 71 =A YERS T (P<0.05).

A Aol At B3}t Artemia nauplii®}
OF73}3t Artemia naupliis 33 =35 %] o]
© 7b7} 0.058 +0.004mg/day, 0.082 +0.007mg/
day2 Adolst L, 7k 8 4o A 2t F )3t
Artemia nauplii®} % F7F3}et Artemia naupliis
2ae E2E x)o]L 7k 0.062 +0.005mg/day,
0.097 +0.009mg/day 2 4] ©]3} 4t} (Table 3). 7}
28l ol A Holzo wE o]zt 147t A
o] 5 HAANE (P<0.05), =270 & A o]
= 95k 2ol 5 wo| 7] ket (P0.05).

AR7IE B2 Aojo] dg e W o
ol o] Zpolo] WE 1A o vl A=A S Al
(Table 4), AF A o A 7 KH3}3t Artemia
nauplii A9 w2 B A o] o)A
15.23cal, tAFo U ] 4.87cal, 4 o]y A
22.90cal = A F Al ol ol A] Fo A A7l | A]
7} 66.51%, B B-of| U 2] 7} 21.27%2 2}2| 5} A},
ET v d W B E ol A= 2H2F 2.47cal,
0.33cal 2 4] Z Ad ooy A of tialf 22} 10.79%,
1.44%= 212 3}l T

AL ol A G F 73St Artemia nauplii A H
T =85 Aol Aol A] 22.16cal, T Al
U 2] 7.02cal, 4 o]0l A] 32.81cal 2 A & o]
U A Foll Al Aol | A 67.54%, &5 o H A]

Table 3. The average daily rate of various factors of A. japonicus juvenile reared at different temperature and diet
conditions (NT: Natural temperature, HT: Heated temperature, EA: Enriched Artemia nauplii, NA: Nonriched Artemia

nauplii)
Conditions
Factor
NT-NA NT-EA HT-NA HT-EA
oxygen(mg/day) 0.026 4+ 0.003* 0.03740.004* 0.030£0.003* 0.047 +0.005°
NH; excretion(ug/day) 1.454 4+0.098* 2.4134+0.190* 2.677+0.123° 3.900 +£0.218¢
ingestion(mg/day) 0.058 £0.004* 0.082+0.007* 0.062 +0.005* 0.097 +0.009°

Values (mean + SE) in the same rows with different superscripts are significantly different (P<0.05)

-133-



23} wolof| w2 =R E (4retoscopus japonicus) 2| 0] 2] of| | Z| =%

Table 4. Cumulative energy budget of A. japonicus juvenile reared at different temperature and diet conditions (NT:
Natural temperature, HT: Heated temperature, EA: Enriched Artemia nauplii, NA: Nonriched Artemia nauplii)

Conditions
Parameter Symbol
NT-NA NT-EA HT-NA HT-EA
. 22.90 32.81 24.67 38.87
G take(cal c
ross energy intake(cal) (100%) (100%) (100%) (100%)
15.23 22.16 16.50 26.70
Growth | G
rowth energy(cal) (66.51%) (67.54%) (66.86%) (67.06%)
. 4.87 7.02 5.59 8.93
Metabolized | M
ctabolized energy(cal) (21.27%) (21.40%) (22.66%) (22.96%)
Fecal energy(cal) F 2.47 3.08 1.98 2.99
&y (10.79%) (9.39%) (8.01%) (7.70%)
0.33 0.55 0.61 0.89
Nit ¢ | U
itrogen excretory energy(cal) (1.44%) (1.67%) (2.47%) (2.28%)

Table 5. Ecological efficiencies of A. japonicus juvenile reared at different temperature and diet conditions (NT: Natural
temperature, HT: Heated temperature, EA: Enriched Arfemia nauplii, NA: Nonriched Artemia nauplii)

Ecological Conditions
efficiencies(%) NT-NA NT-EA HT-NA HT-EA
Assimilation efficiency 87.78 88.94 89.52 90.02
Gross growth efficiency 66.49 67.54 66.86 67.06
Net growth efficiency 75.75 75.94 74.68 74.49

21.40%%E A8k ok E3E e d A FufjE o
U 2| = 7F7) 3.08 cal, 0.55 cal 2 A & A o] o4 |
of thsh 2+2t 9.39%, 1.67%E AFA| 3+ At

71| 4o A ZF 3} Artemia nauplii A S
T E=R5 A ol= ey A 16.50cal, &5
U ] 5.59cal, A o] o | A] 24.67calZ A] & 4 o]0
YA Foll A Aol A 71 66.86%, &gl | A
7} 22.66%% A skt T vl E BujE
o Uy R| &= Z+Z} 1.98cal, 0.61calZ A & Adoloy
Aol el Z+2t 8.01%, 2.47%E 2FA| 5kt

7he sl ol A G 72kt Artemia nauplii A 9
T EF5 2ol Ao A 26.07cal, & 5o
U] ] 8.93cal, A o] ol #| 38.87cal 2 A & 4 o]0
YA Foll Al Aol d A 67.06%, T & A
22.96%= A5l eh T3t a2 el = of
U A= ZFZ)F 2.99cal, 0.89cal 2 A & A o]of 1 %]
off thalf Z+2}+ 7.70%, 2.28%F A+ A| 51 Tk

AR\ HE B2 Hofof Tt 42 % o

o 9] Zfol o ukE AT F &L Abuj B, 2
ol A 7t B3}3t Artemia nauplii A2} < oF
733}8t Artemia nauplii A Lo A =R 5 2| of
o] =317 &2 7H7} 87.78%, 88.94% & o k7 3}
3t Artemia nauplii A E 71 ZF B3V 6F Artemia
nauplii A9 o] HJ8f thar 2 gro = YERRE
on, 2AAAE (K)S 27 66.49%, 67.54%,
AT E (Ko)2 75.75%, 75.94% 5 LhElyETh
(Table 5).

7he ol A 7t B33t Artemia nauplii A $
T2} A 788t Artemia nauplii A Lol o gk
EF5 2o 53R &2 7H7F 89.52%, 90.02%
2 k758t Artemia nauplii A $ 7} 2 B35}
3+ Artemia nauplii A @ Lo]] B8] T A& =& ZFo
2 Uetgton, 344 a8 & (K)2 7H2) 66.86%,
67.06%, <= A E & (Ko)2 74.68%, 74.49%= 1}
E}yt} (Table 5).
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