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(1991) R BAK QELKREZ A MELE
RoCRE 288 Xoh—H -Z8B-AB 2
WARBEPHRUGKERRSE » MRS -
WEGBBE TS RUKETE » LRI EREE
B MEIUTRAIE ZTER AR 3T - 45
FAREESE - BRERS X HIMMRATE &
HR=ZARB G — » BHLKREIMEESER >
HEZHHKNE "2, F > BHREER (FH,
1995) -

HICHES (Acipenser schrencki) FEERSD
BARE BRI KEENHE  BEAE 29
cm » FEAGE 160 kg - BIEMRFFIE AR KK
AN HEREEESW . £FkER 0-33
T HZHEEERERSEANES— (6%,
2000) -
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ARG Z SRR - fRa R E I E A
L SREEN - BT AL - 7N
REEHRFACEER > LUKE (Daphnia sp.) &
—E% > BUATRGHEBSSZEIE - HEEY
%8R 374 cm > #57H 154.8 g - HEEAKRD B 18
C-23TR28C=M 8K - F—EEK
B 2SS BYAR 20 x 1.7 x 0.8 m ZiEEmGRE
e - KRB ERE R £ 0.5°C - pH{E
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Table 1 Growth of Amur sturgeon reared at different temperatures for 8 weeks'

Rearing temperature

18T 23°C 28°C
Initial length (cm) 372 %23 375+ 2.0 37.4 x 2.2
Final length (cm) 51.6 + 2.9° 56.1  2.5° 499 + 2.6°
Initial weight (g) 155.5 + 35.4 155.4 + 25.2 153.9 + 28.3
Final weight (g) 482.2 + 86.8° 600.6 + 65.8° 394.9 £ 61.2°
Weight gain (g) 327.0 £ 8.3° 4452 + 1.9° 2411 + 0.5°
Percent weight gain 210.8 + 0.5° 286.6 = 3.1° 156.7 £ 3.8°
Feed efficiency (%) 71.8 £ 0.2° 85.4 + 0.8° 59.9 + 3.4°
Condition factor 3.52 + 0.06° 3.41 = 0.05* 3.18 £ 0.06°
Average feed intake (g/fish) 455.4 + 10.7° 521.2 = 3.0° 389.0 £ 4.0°
Survival rate (%) 100.0 100.0 98.0

'Means=SD sharing the same superscript in the same row are not significantly different (p > 0.05)

REE—F 40 BOEHXE » IHERFER 8:00 £
17:00 - S350 eI LGSR BB —B - &
HEEREE 12 % RAIE T A KERKRE
—¥EE 3 om ~ 385 90 cm IE RN SESRA AR

TERIREE - By AR R K E R AR
A - REETT/GE - E RS _E3lE—XK

HEE BARE - fi/SBFRERRRAMRER
19 3.5 % » FEE R R MRERER 3% - §

BB R R P L BT RLIR BTN} - RIfR S
mm - ERLZHER - IFE - BokMLEw ~ K~
R B9 462415812 5 09% -
REBESHILIEESR (percent weight gain) ~ H
B (specific growth rate) - fEEIZAZE (feed
efficiency) ~ {517 3 (survival rate) Bz JE ¥ &
(condition factor) Rz » HHEHFRNT ¢

W OE R (%)= (REYE) + FREEHIE)>100

HEER (%) = [In (REERE - In (RESHIE)]
+ GRBKRE) x 100

FRRER (%) = (RBBIYE) ~ EHIERE) x
100

&7 R %) = GERER + GREVER
x 100

IE ¥ BE (%)= (FRESE) + (FAERR)’ x 100

= - PrREE

FREABAEREE - SoHG AR 48 h REER
—8 - 8% 1h SHEBRREN=R - BREEAD
FIREA 130 L JRVEEIRAE » 5 100 L RS2 MR
Rk - B ERARRRE PRIFER - &
ABANEDE 240 1 R 4h $K 10ml»
AFRERH > LA Merck 8Q200 RS B BRERt - &
E PR 690 nm EITHERREHE -

B

=~ WETOT

AR LIS RSHT (one-way ANOVA) K
R RZ BRI, (Duncan, 1955) BHIESR @ H
LA SAS EHHRIRRE - ZREFEKEEE o =
0.05; 111 B 43 FL B RISt T LUE 8 {L.(Normalization)
(Snedcor, 1967) EHEITHETHT -

R

— ~ RRAER

HEAR/CHEMAE R > 41 Table 1 Fix
FRANNEEBHEELT 23 C #Hh 5212 g ER
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Fig. 1 Specific growth rate of Amur sturgeon reared at different temperatures for 8

weeks.

18 °C #HfY 4554 g K 28 °C #1MY 389.0 g 4371
IRt —#HAY 1.14 55 1.34 6557 23 °C #HMIER
E&l 286.6 % HI#k 18 ‘CH (210.8%) K 28
CH (156.7 %) 19 1.36 f% 5% 1.83 £ - FEEARISCE
i 23 °C #HFEHTk 85.4 % (75.5 ~ 97.5 %) BH
SEFIY 18 °C #HAY 71.8% (69.1 ~ 78.7 %) J 28°C
HHAY 59.9 % (44.4 ~72.7 %) - JEFFRIE 18 £ 23 C
HER 100 % 1F 28 C HE—RRELHEE
L iR R 98 % (H=(ER A R 2R -
BRIEHEERL 18 C 352 K& - 823 C
ey 3.41 MEEE R > HEFSR 28 C MY
3.18 - K5 A B B B B R BUEAR M SRR T RS R
] Table 2 fTo5s » 23 °C MR E(RE 0.0243 ' &
18 °C #H1% 0.0203 B 28 °C #AY 0.0172 «
AR H BR8N Fig. 1 FR 924
23 C #EE (2.46 ~ 3.14) » 18 CHKZ (2.25
~2.56) 28 C #ERZK (1.4 ~ 2.36) - K EIHK
R (Figs. 2,3) » R 2AMEIHE » 23 CEL 28 C
# i BCRFEFERIBRRRIE NN » BIEHRSRI 23 C M
BRFY 56.1 cm A HRZE 18 °C #1Y 51.6
cm 28 C #HE/) » 4955 49.9 cm - FEFHEE

Table 2 Relationship between body weight, W (g),
and time, T (day), of Amur sturgeon reared at various
temperatures during an experimental period of 8

weeks
Tem?)gr)a ture Regression equation R?
18 W = 1551102037 0.9997
23 W = 158.59¢%02437 0.9981
28 W =150.81e%"727 0.9968

BH 2318 5 28 C =#4515 600.6 - 482.2
52 394.9 g - HERRER R - HSAHRBR A ENE
I (Figs. 4, 5) W » 1823 K 28 C M
HEREFEFEESMER 90 % &> £5558
48.1 ~57.0 cm (5 92 %)~ 51.0 ~ 60.0 cm ({5 94
%) K 45.0 ~ 52.5 cm ({; 94 %) - BEBHEEE
SHGHEE 90 % » K43RIES 360.1 ~ 600.0 g ({5
96 %)~ 480.1 ~ 720.0 g ({598 %) K 320.1 ~
521.0 g (45 94 %) -
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Fig. 4 Frequency distribution of the
total length of juvenile Amur sturgeon
reared at different temperatures for 8
weeks.
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Fig. 5 Frequency distribution of
body weight of juvenile Amur
sturgeon reared at different
temperatures for 8 weeks.
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Fig. 6 Effect of temperature on
the total ammonia-N excretion
rate of Amur sturgeon.
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* FERHER

ARKEREHERRE—/\FRBEHRE
BRI AR RR B AL 28 C #HE
23 C KRz » 1I8CHIRIE (Fig. 6)- 28 C
k23 °C FAEHFERER 4 hZE(EE 0 B 28
C #19 3.9 mg T-ammonia-N/Kg/h £& 23 C
MRZ » ¥k 28 C #HIY 54 % » THRZWRD -
18 C #HRY 5 ~ 8 /NRA SEFME » ¥ 28 °C #AMY
41 % RUKE R E AR RESE » ®24 h
%2823 R 18 C MHAHERI TGS 14
0.9 } 0.7 mg T-ammonia-N/Kg/h -

It W

4 8 12 16 20 24
Time after feeding (h)

EE N

ZF (2000) FEH - S RBBHAETTKIER O ~
33°C - SR/KlR 4 ~31°C - ¥kiBH 22 CEH
LFAE 30 T W BAAKhfmtk - Z3RHUE
B PR SERIARER Y 5 KR A 31 CIRg -
PHEBRITR 32°C RANSILER - KA TH
B - AKBBIFOREFAE 30 C LUF - LUBEGRER A
BAENE - EREARE - 5340 BRE (1998)#
i RSN AT KRR 1~ 30C » SHEAFIRE
#21°C Zh - GF (2000) fEi - HERBERE
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WA E 18~22°C s £ 13 ~26 'C KIBHFIIREIEH
% - Hung et al. (1993) $HiH HESEEAIEE KR
F5 23 °C (B2 20 B¢ 26 ‘CAHEL) 1M Cech et al. (1984)
5 0.5 ~0.6 gHYHIBRLE 20 B2 25 CHYRRRIRE =
£ TRERREAYE KFERKERFRRN
WEEFEERIRER - AFEBRZL 23 T RE
B ETFEE S C (18 5 28 C) » AR
FRRAER R (Tables 1,2) » S2REFTE23°C # -
HEPREER - EXREHERBIIRS @ 20k
85.4 % ~ 286.6 % 57 0.0243 » HXZ 18 CH » 4
BBy 71.8 % ~ 210.8 % J 0.0203 ; {iij 28 CHHAIE
£ £950kk 599 % -~ 156.7 % }¢ 0.0172 -
Wurtsbaugh and Davis (1977) $5H » &% (Salmo
gairdneri Richardson) fE & ERE/KBEER - &
ZEEKENAE - HEHE RREIHEN
m > FEHMASINEEUER - WA (Cyprinus
carpio) (Huisman ef al., 1979; Goolish and Adelman,
1984) - B$584 (Sparus sarba) (Mihelakakis et al.,
1994) ~ HAYTEE (Paralichthys olivaceus) (Nakahiro
et al., 1994) FHERZEL® (Morone saxatilis x M.
chrysops) (Liu et al., 1998) 3 - {H—EbEE/K IR EE
B ENREERYE (Goolish and Adelman, 1984;
Coutant and De Angelis, 1983) HISER » BIE
LEZKRNASMZIEI RS - HEERE
RBREE EREF - RRAINXEAE - AT
Y 23°C M R5E Cech er al. (1984) FREEEM 25 C
(E88) [Flith 23 °C B RS KSR BB R /KR
HER ERIERRE — PRI -

AFEE 18 CHEMETRIBERIFIEEN 23 C
#H (Table 1) HLOREREKIR IR 52 IS R BRI F]
R » HAMMASE - iR (Huisman ef al., 1979;
Goolish and Adelman, 1984) ~ FH$#5 (Mihelakakis
et al., 1994) P ¥g @8 (Dicentrarchus labrax)
(Hidalgo er al., 1987) /A EEDMER - MERT
FA R REMENYIF A - Kaushik (1986) % Hidalgo
et al. (1987) BUFEHER ATRER AURTEIEIR R A3
T - FEHEENFIRARIE - 28 C HrVERIK
SEIA 59.94 % » BEE{ER 23 °C 41RY 85.44 % -
Waurtsbaugh and Davis (1977) $5H! - FUEES/KIE
T EREER (maintenance energy) * LIHERFIE R
43 - B BREREREHSEARINEER - BXRE
EYERAARMERERE  ERAAEPES
HERR R BRI FAPENER - HPE

FEREE - BUROVEARTRE (Brett, 1979) - 8
EMREER (Brett and Higgs, 1970; Nimi and Beamish,
1974) - Burggren and Randall (1978) 2 EBBEEMN
B GIHERBRAR » AR Hung ef al.
(1993) $BH: - E834E 26 ‘C/kif - HEERGS.1 ~
5.6 ppm) BARE{ER 23 °C (5.6 ~ 5.9 ppm) - FJREXIEL
MR RI R - EILEB T A (Esox hucius)
(Adelman and Smith, 1970) -~ KSR (Micropterus
salmonides) (Stewart et al., 1967) K $R i (Coho
salmon) (Doudoroff and Shurmway, 1967) & » ¥
SRS 3 ~4 ppm I - HHEHELUER - Cecheral.
(1984) fBHAYIBRRIBESRBEGHEARIEER - K
F (1997) FRERBHUHEERRKBIEBE RS
REFENERERA - HREENERTEBER 6
ppm * EEAEER 4 ppm K - HEKEGKH - K
HESHEHNRERE AR - ARBREH
HHRE - 18 ~ 23 J 28 CRAAMB SR Ak 6.21 ~
6.87 ppm~5.95 ~ 6.32 ppm 2 5.53 ~ 6.02 ppm=23 C
HAERBRINESEHEER 6 ppm BBHR4E

Z BT NARE  (ERIARYERISER (Table 1) &
HEER (Fig. 1) IR THR: - 2EE®REZHE
EHBAUKIRE AR R - MRS E
FEEETTIEET - Hung er al. (1989) $5H, > 50 ~ 100 g
Z BB 14 CTHRBRRRRLEEN 125 ~
1.5 % » Tfj 250 ~ 500 g 7€ 18 C PR NIRRT
1.5 ~2.0 % » BE 23 CHF > #HERE 2.0 % ¥4
2 2.5 %IRF - BB G EHRE - T1E 26 °C RF - Rl
T 2.5 % I1BREE 3.0 % FRNEA ey
e B (1998) FRoR - 13ERF (4. sinensis) T&
13 ~ 15 °C » 3 143 C /KBPHENREER
BEHE 2% HAERRSNOE  #HACEERR AR
HEAY SRR SOBTBRACENE B A FIATEL - Az
RRERREL23 C #HrY 246 ~3.14 | HARZ 18°C
#HF 2.26 ~ 2.56 - Kelly and Arnold (1999) B &8E
R 03 g BUENER (4 oxyrhynchus) £ 1517 ¢
19°C Kl HILERAGERY 35 & 7% AYEHE}
FERLL19 C KR 7% # » HRERGIF
(6.7/d) ; THSE 60 g S HHEERRGEAY 0.5 1 I
15%  $ERABLISC #HER 1.5% # - HlESR
1.4/d B2 » BAREER 17 & 19 °C #H - AFHBSTE 3
B/KET » BREREREFEE R RBRYRMMmEE
= - EHE RSB LI ER 3.0-3.5% K- i
KRBT 28 °C HAEBMEHSES F7E28TC K
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b B RERZIRBRRTREE IR + A REHRH
HARERTEK -

HRHARR R ISENFERE M (Figs. 4,5)
328 C HVIRBUEMSE s - HiERK
B ER A 3 iR » B HEE 45.0 ~ 52.5 cm
B 320.1~5202¢g 2R 18°C AR RENEN
SERE s ey R 25 » #U4E 48.1 ~ 57.0 cm Jz 360.1 ~
600.0 g ZfE:1fi 23 C HHEREKER HEKEH
SyHfE 51.1 ~ 60.0 cm J; 480.1 ~ 720.0 g » {HHES
R EEEE M 18 C HMIARER - bR
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B& (Liu et al.,, 1998) LIELM (Crenophoryngodon
idellus) (Kilambi and Robinson, 1979) RYEFEFEE
RBEHIEELEE -
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¥[8 (Pleuronectes platessa) (Jobling, 1981) ~ AR
(Stizostedion vitreum) (Forsberg and Summerfelt,
1992)~ HAT#E (Kikuchi ef al., 1995) & (AF,
1999) MUFRESRS IR » AR EERIRREE
ZKIBAIF TR R - AR R A R RIE
[f] (Fig. 6) - {}# Brett and Zala (1975) AYERHL » £
FERRAE 24 h DIAIHERRRICARE RGN AR
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e - SUECRRAE 28 (CHI23 C ~ 18 T ERRH
HERRAE LA AR 1.6 )2 2.0 £% -
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7 HEFRRAIC SRS - 17 18 °C MR 5~
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Effect of Temperature on Growth of
Juvenile Amur Sturgeon (Acipenser schrencki)

Tain-Sheng Lin", Shuenn-Der Yang and Fu-Guang Liu

Chupei Station, Freshwater Aquaculture Research Center, Fisheries Research Institute

ABSTRACT

Rearing experiments were conducted for 8 weeks to investigate the effect of temperature on the growth and
ammonia-N excretion rate (mg ammonia/100 g body weight/h) of Amur sturgeon, Acipenser schrenckii, at 3
temperature treatments (18, 23, and 28 °C) with 2 replicates per treatment. Twenty-five juveniles per treatment
with an average length of 37.4 cm and an average weight of 154.8 g were stocked in each of 6 thermo-regulated
recirculating tanks (2.5 ton/tank). Fish were fed every 2 h with an auto-feeder at a 3.5% daily ration for the first
6-week period and 3% for the last 2 weeks. Average feed intake/fish, weight gain, and feed efficiency of fish
reared at 23 °C were significantly higher than those at 18 and 28 °C. After termination of the rearing trial, 3 fish
from each treatment group were starved for 48 h and then fed to satiation to determine the ammonia-N excretion
rate. The results indicated that the excretion rate was much higher at 28 °C than at the lower temperatures.
Moreover, ammonia-N excretion of fish reared at 23 and 28 °C rose to a sharp peak at 4 h after feeding, whereas
the peak occurred at 8 h at 18 °C. This showed that temperature greatly influenced the ammonia-N excretion rate
of Amur sturgeon.

Key words: Amur sturgeon, Acipenser schrencki, temperature, growth, ammonia-N excretion rate.
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