HEDKFERE 2017 £ 5 B, 24(3): 648-656

Journal of Fishery Sciences of China

AN
Ay
i

DOI: 10.3724/SP.J.1118.2017.16210

BREHLEMRREERRIZRL.

44

HUBET N RHE

kA KA, TRF, WSS, #EY

1. ZER I SR 2B, Z8 &R 230036;

2. el R E KA RE, A FRROKAEY S E SR, Wb I 430070

ME: MR T BOR AT P O 2 —, EBE B ARRIR, JET R PR R T
W B A A R S A SRR, WO 1A £ S L B B BT R B A SR AR, A B T B R A Y BOAY A AR
IR 8, A 1 5 A B A 30T 7 SR R B R0 SR S A R O AT B SR R A R 4R
AER, SRR Br i e kB SR MG s C R ECE DI AT, DUBISBIH R A9 5080 4 . RNA/DNA 21T
M BRI K T B BUE R IA SR, ol TR A HEf I AR T . B IRIROL . TDRHE FR K DL 5 5%
S o WIS £ T AL RO e A R AT B T IR T AR R R T A A B, A B T Rl O R
il MR MS o PRIl, ASCERR T ISR IR T B B e A R R S S S R LA R AL K

ARk, Ot A RS BEAEE R SR B 1) S AR HE MR

KR FINE, RdEK; BRR, Wik AR
FESES: S917 XHEKARERS: A

i R e B By A L S A B
Je fipp R A IS SR ) A 5 1l e AR LB R A 1Y T A,
R R IS A T HOR M Z ARG . A
KRR B LTRSS, AL,
P ARSI L T R G e 5 S T
SEN T BT BRI B IR 78 BE 5 HOR AR
R B AR B RS RAR R AN, T BE
F e FETZ R YU R B £ AT £ e
TR PR, R A 1 SRR A
KA B Be i) 722 A UEA B T 2 BRI 45
SR f L O R E KRR T, A K
M F P, BFF a2 RN K B W B A
B AR AR A X 4R v £ 7 R 00 0 R R R B
R A RIS I A 2R . AERA T
FRI R T B B S KRl R
AR DL T A T 1) K A R R, Oy £ 2R
I fe B IR P LSRR R

i HER: 2016-07-15; 1&iT BEA: 2016-09-04.

XEHS: 1005-8737-(2017)03-0648-09

1 BXBHHBEMNEREXRREER

TERW AT, MR E A4 TR
FUR A BRI ZE R AR Ak, 4530 o0 0 AR K B A A [F]
A, SRR G Y S A K (allometric growth)?), &
HARKME TEESE WA LTE, BT A7
K B sl B A I Bl S AT R
W5 0 2 T B B 1) S ol AR RO F oY 0 28 U A=
T A E R 2 U, W R R
A F R S TR IR 2 s A X W A £ 3R
SR A R R E Y,

i1 JS R K — K F 5 & (length-weight relation-
ship, LWR)7E 45 BRI A= 2527 0 5 b g A #
Pzl S R AR T o R B R AN ] 0 A A
AR R e & O, (H R A £ 2 R
R S e OPA ST B2 N AR - B T NS N S
RN TEROE R Weal®, Boukal 2404k

HEWMB: FEZERHE TR H (2012BAD25B08, 201BAD25B00).
EEBN: K= H1989-), F, Y, i+, FHMNF NI, E-mail: zhangyunlong@ahau.edu.cn
BIEEE Ba5%0962-), ##z, FENFMISHFEIH MKIRA A% B9, E-mail: fangixue@mail.hzau.edu.cn



%3 K e MWL H B

HAE R AR | THACRE A R BIF 5 ik 649

TaRERBGSFRBCR, ABaFE2H
b AR KA AR e g 2 K2R | von Berta-
lanffy 4 K 245t 2 LWR BUR 40 SR Y
Yokl (HHEAEEE X, ML,

5% 0 28 2R AR S I Sl K T ) o
WARIERSSE, iRk 2K k&, kK.
v, WE. BB RIS SRS, Ry
I T M 25 B K B B By A KB
FERAR R UL, RS — A y 55—
ARG X Z A1 6 R — o y=ax’. i, $5%k b
A WP A3 AR A 22 ] 1) 22 57, b<<1.0 FRon 7t
AR, b>1.0 FoRIEREA K, b=1.0 WFRR%
AR PO S I LR Sl e A B
G RV R T BRI S8, M2 5 R &
AR R TR UE 2R, b (BN S R, A
o, [ N A SC I BT B AR 22, A0 40 A T
(Dentex dentex)i*® . k2% F ¥ (Paralichthys cali-
fornicus)*’!. Zs il (Sprattus sprattus)!''! .y
(Acipenser medirostris)®® |k 5 ¥ #% (Gadus
morhua)® 3% 436 (Sparus aurata)** . B El
fifi(Paralabrax maculatofasciatus)” . #i(Miichthys
miiuy)®! . Hlfifi(Corydoras aeneus)™? . £r ks g
(Hyphessobrycon serpae)®”! . [ #2 Wy i (Sander
lucioperca)** | 22 # 4§ (Dipl odus puntazzo)™* |
Jiti, [G 1 ¥ i (Cathorops spixii)®® L i (Pagrus
pagrus)”” . 4 iR 45 6 (Nannacara anomala)*®! | ¥
It J8 Wi £ g f (Brycon orbignyanus)®®! . VT.f%(Lota
lota)!” . Bl [G 7 fifi(Lophiosilurus alexandri)® %z k&
% 7] J¢ ik (Par ami sgur nus dabryanus) %14

A R B By S A A B — E IR,

a7 SR DL R A R Be s IR ek S E
WX R VI AR S, LU I8 214 5 0 1
TR AR S R A S | B Y H
A7, PRI R 3k — AR 7R s i R B L
BN, ERYIMNEEIIESEA K, mHKER
WFFE 4 AL UERA T 3% — 4518, tnzrbhs et s
Wy T i B Y 8 (Misgurnus  anguillicauda-
tug)! 1, RSy R 50 R
(Seriola lalandi)™*¥ | BLLLJE T A7 Big 0145 ik |
8 DL S b5 £ % B PR S R B R UE T AFHE o ) Ak

FIAGETIHIRE S . HYOE Ay, Mot 51
0 5 O Rk R T 2 ) LA R RS,
ZERUAFHESD B T S A e 4 32,3638 44T g
HRIE RN AL RS B, (HAE 2Rk
H Ry B Sl A T 39 38099 AL g 2
H R BN TE SR KB, B AT AR R R AT
WEAL 2 J5 S LB B A O BV IR, LA
ARG RE WA 5, DA 2 80 f K 38
AR,

2 BXFHMBEEREEASENEN

0 245 R B B 20 58 A8 A A A BURR, RS Bt )
TE XA A AR H MR, At N, 1
GEpPA a2t KAR L R bR AE & TAF @, Bt
FRA LRI AR BRI Mo S AT fa AR K (R
PABIE &2 dbnt') R, A2 k45 b g TR
frea AR g SRR . X FE I T2k
ARG . BRSNS AR AR Y R Al
VSRS I PO P QTR R NA RSP P TS 3 L R i
SN AR JE B3 e AR iR R B TR A K
RS AT HE A ) A K R R BB AR AR K AR B
7 77 22 0L,

BRI 22 FTAE R VPAN A HE B A K i R bR, -
PRI B2 A IR . Zh P 40 B o B AR AL TR
(DNA) % 1 2 A H 2 1, T AZ S IR (RNA) F
B TR AR T (2 5 B RNA /9 85%~90%), 1]
HA5E A A RS R YA R, X Ry 2 nl 5
R IEA KGNS FHEA IR AT RIRZE, I
HHF— eIk e A KA br g i s b . A8k
WS HaE, o] R A% B I ok 3 A7 HE 0 Y 2R
B33 R g 0 B SRR BT k)
IR KOV R R A £ 1) O 011071,

e 2 R B B R K, AT
TRRAFHE A R AR SOE TR B RN e bR
A RNA # & . DNA & . RNA/DNA LI E
FJBT/DNA o AR b il 22 8 B 4 b 7 £
() A A RIS FR AR 2 B2 T AR S brox PR
ARAR R U LA R 2L K PYL RNA EEA7AE
Fr Ktk g 0PN s B H TR E A
A CRE J1, BIAFHE My AR K, S35



650 Hh [ K R A

F 24 8

(Pseudopleuronectes americanus) 1 % Sk ffi (Tautoga
onitis) I F B RNA & &3 5 55 A KR Z R] A7
76 5 2k 5 R T A1 fo R By B — AT R BN
RNA FIEEH & s A K, TR
ST i #E 43 40 f0(Thunnus orientalis)™ 1k 35 6
(Scophthalmus  maximus)©! i) BF 575 415 328 418 3 — i
4. DNA &5 B35 10 32 222 % BR A% 40 A 01k i
B, T BR ) 20 oA R R SR B R E
5ot RF PSS S FERE S 10~15 d,
. WUTTE RN B IRk FERR S 15 d
i, DNA & it fi o 2B FUT/DNA HOR R T #E
0 240 M T A R /N AR AR, s R
I BT/DNA LAY HE 2 i T B Be g A LU
Motk =P P AT, DNA S s i ol gk
N A A SR B, A4 DNA
S B MR B bR AR A T L
FI W 1 S L B By K B O . TEXRT S E A fa
(Sciaenops ocellatus) (W 5% i & B, R BB B
YR KT 1 & B Ak AR DA Ak 21 D) B AR S 32 B
FIA A AR 3 AR, WIRER R 5 R DL 4
TRFR ., Bi s ko 1% 1 (P olivaceus)™!
A 35 60 O350 5 B A4 e /- 1 £ 2 7 D —
A MG A R RPEFR B F2 . RNA/DNA [
A IR S AR DG, (Rt R S B A
KA X FEET R PEPEAEOT ST K
5% R B8OV A 5 R 8 & B T RNA/DNA
5t A KR ] B AW W R AR OGP
RNA/DNA & P 0 28 B & 8 I B AR ORI
A RAEF -

IEAk, RNA/DNA B i A1HE f DG B . 2L
HEERE XY RNA/DNA AR E RS 4 K
MRS | B IRk 22 KRBT R U0 Tl RNA/DNA
B S AT AR 0 B AT SEFR AR > T IR G T i
A R B IR A8 R R A . — A
Syt 25 R B Bf RNA/DNA FC I 20 AR 1k & 28 1Y
I (] B A £ Y DG |, 7R 3K — B B $ f1k J2 o
JETE PR, B ORATHE £0 8 28 4 B A DGR .

3 BXFHMEENEERENEL
AR T AR I e A2 T AN e e R AR 1Y, T

SEREE SRR AR E B AR . TR T
WA EEREAMAER IS E . AAKRE, AR
XA AL I R, AR S TR AR 3 AR Ak
SR AT, B A E A, T R AL R Y
AR A B B T R A A Y
T A AR AR Ak 5 | 114 AS ) it 2 35 1) 728 Ak U048
S EGE ARG AL . BT AR R B R
WTH ARG B ARG BT T Rt 2R A K B R
TR B0 B8 FR ok, X et T & BT &

B P A1 32 2 AR A 1 £ R R 5 A £
R K F I ALEEE M, PP b RE
I AR N AT #0008 5% KA R 4% 0 2 ik iR U
Ribeiro 278N 5E T %€ N /K 5 (Solea senegalen-
SIOMMFILE] 30 d 3227 Fh il A a1 Bl I I 1
(R (A NS i i NS < R
Comabella %5 "2VHF 58 T 7 [ 48 6% (Atractosteus
tristoechus) %)) £ & 7 19 [|] 74 T0 1 5 M 19 28 1k, b
A oty B A2 5 A LA T ARl JR 58 . ALY
o ie AR £, WA i (Hippoglossus hippoglos-
sus) 7?80 i i (Perca fluviatilis)®! | b 35 82
vt AN NIPE S = 0 [ RS N
WS (Acipenser persicus)™ | ZE 1l £ (Rachycentron
canadum)® | fif(Cyprinus carpio)™ . LB 4 fif;
(Ompok bimaculatus)® | H eI

A £ T Bt 395 2 14 A T LA S e S £ 20
R G KT KB TR R, X AR UL,
— P A7) A R AG I  A JR E R E,
THHITCEAG & A TS 20 B R s
R T — B JE R, AR 6 28 0 A st )R
(1), MEFANET, BRE AR -
T, BB JE PRI T %, X 2B MY A
AR K B I BARAEED 50N E
HEL, R HORERE, M H R E R RS
PR THES, — PRI [ G TG P Ao 78 8081 831
OB A 2 B A T Ak pl e T A A A R T T
fb. FEBLZ T, B EmETS 7S 5 TR Ak R
FHEO P At b S P R R A R B G H

—JBEIN i U it 2 R R 4 U7 8, By fa
R A v A I S 1, (R R — B SR,



%5 3 4]

Kz e s MR IR T B BUR AR K TR | T AR A i F S i 651
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Tab. 1 Testing time of the appearance of pepsin in different fish species

Fh2& species

K ) B[] *testing time*

FEHH IR ¥ rearing temperature 2% ik reference

22 FE## Mystus nemurus 1
W rEd Acipenser persicus 5
KAE#E Atractosteus spatula 5
KZE6T Scophthal mus maximus 9
KPGVE I Argyrosomus regius 15
WUBE ) i Ompok bimaculatus 15
BRIEEEES Trachinotus ovatus 15
JLEFHE Paralichthys californicus 18
4l 5 Dentex dentex 19
PR HY Lutjanus guttatus 20
% £1#4 Oplegnathus fasciatus 22
7 ¥ fii Rachycentron canadum 22
T % Dicentrarchus labrax 24
42w 5 Diplodus puntazzo 32
K@K Paramisgurnus dabryanus dabryanus 35
IRPEF6F Paralichthys lethostigma 37
4:3:1 Sparus aurata 40

K4 not mentioned [94]
17~18°C [85]
A not mentioned [95]
18~19°C [96]
20.0~22.0°C [97]
27°C [88]
27-29C [98]
(18.20.2)C [82]
(19.2+£0.5)C [84]
(26.7£0.21)C [99]
(24.0£1.0)C [100]
ARH2E K not mentioned [86]
18~19°C [101]
19.0~23.0C [90]
(24.4£0.4)C [102]
(18.5£0.5)C [103]
19°C [74]

TE: * 3R A6 N 1] 7 (AL 5 KA, H432°8 DAH.
Note: * means testing time is the days after hatching (DAH).
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Allometric growth and ontogenetic changes in nucleic acids and diges-
tive enzymesduring the early life stagein fish species. A review

ZHANG Yunlongl, ZHANG Hailongz, WANG Lingyuz, GU Beiyiz, FAN Qixue2

1. College of Animal Science and Technology at Anhui Agricultural University, Hefei 230036, China;
2. College of Fisheries at Huazhong Agricultural University, Key Laboratory of Freshwater Animal Breeding, Ministry
of Agriculture, Wuhan 430070, China

Abstract: The early life stage is a critical period in fish species since complicated physiological and morphologi-
cal changes and often massive mortalities occur at this stage. Studies of the growth patterns and physiological
characteristics during the early life stage often uncover lethal factors in this stage, and the information gained can
lead to improvements in survival rates during larval production. Allometric growth can be used as an indicator for
larval production, and fish experience a change in shape in relation to increases in their ability to perform vital
biological functions needed for survival during their early life stage. The RNA/DNA ratio is a sensitive indicator
of growth rates, which can be used to evaluate growth potential and nutritional condition, as well as to determine
critical periods in the larval stage. Specifically, studies on the development of the digestive tract and digestive
capability of the organism can be used as an indicator of nutritional status at an early life stage, thereby providing
information useful either for improving feeding protocols in larviculture, suggesting more suitable food items, or
designing feasible larval rearing procedures. Through a review of previous studies, this article summarizes infor-
mation on allometric growth and ontogenetic changes in nucleic acids and digestive enzymes during the early life
stage of fish species. It is hoped that this review might revive interest in conducting investigations of the early life
stage of fish species, and accordingly we provide some basic information meant for future studies
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