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1.1 SEIHR

20174E4 H 20 HAE Wi A HE K =1t 70 Bl 36
3 5 M 7 G It I BLIE B R B A 1k AR AE B
T BESESE f, RH RN TR IR 2R 0. B
[) — LU () B2 A O N7 B F5 A% 31 B TS AN i AL A 235 B
o, AR, A K IR 4E R 7E(20.0£0.5)C. BB
4hJ5, K AT ER H DUR ISR BB . 7 AT )5
R N800 LI BN EE FR A0, TEA 0 % N
80/E/L, H B /KR N(21.540.5)°C, L7 /7, VAARE
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R K SR HES 977 28, F300 pm L4220 W5 15
Sk . PRI KR T MR E H K A E
B KB 1I50%. K F UL 777, & H ¥ 8 0
BRI HEMY) R AE R AF . MES TSR T,
LRAE B B B K T 15
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JE B IR R . 30 F T 4R Y A0 B MR RUR 1]
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il 8i(Nikon SMZ-800) M 247, M P AR E
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SR ], W TE VA 75 i, BT R T A £
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FEMHE10.01 mm. S8R5 FH 10% 1 Hh M 2R B AR i
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Fig. 1 Illustration measurement for K. punctatus
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1. Head length; 2. Head height; 3. Upper jaw length; 4. Eye diameter; 5. Rostrum; 6. Trunk length; 7. Body height; 8. Caudal peduncle
length; 9. Dorsal fin length; 10. The last dorsal fin long; 11. Pectoral length; 12. Tail fin length; 13. Total length
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S A KA T DL R BB Ry =ax" R, o,
HA B AT #EmeK, y NS B A8 xR
EREE K, avfeyih FEEE, b R A KR
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(0—6d). EAMELT AT HI(7T—16d). FEAHED h i
(17—20d) FHMES /5 1(21—43d) 41N EFHHE 3).

P 2R 38 HA (MO 40 s 5 22 O B 3V 2R, 0—6d,

B RRI-1—3) W07 AF £ W) O A AT A K
(3.18+0.52) mm, IFH T~ 77 H A W T 1K O 5 4,
£A4£4(0.72+0.09) mm, %45 4(0.55+0.06) mm, F
H— A ER(ERRII-1-0B), Az T &0 Op 35 3¢ T 2,
HER 2K (0.07+0.01) mm, K EE ], (=D,
A S TR A 3 mT Wb B R N, R I O, AT
BF S P 0 B (P RRTT-1-H), AT 2S2ANLTS o #)0F
7 0 2 FFAE K TH, 15 52 B 40 5P 2 i 5 30 3o 28 Ui
(EIRRI-1).

1 H #3414 K:(3.82+0.71) mm, P35 2 5 2% 4
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PRI 2, R TR 3 22 BIA T F T B R 25 5 At T (B
FiRI-2) 0
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i, SKIPUE R E, RSB R, REaf, O
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i) 70 R S B ) R IR T R, R S A R R B
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53 D B TE RN I 38 4y, W T DL B R Ak (P i
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Fig. 2 Intestine of K. punctatus
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A. Intestine; B. Pyloric caeca; C. Stomach; a. The intersection of the Pyloric caeca and the intestine; b. Anus
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FEHEZ s AT ER (U0 58 FE I 2k 2 R AE A iy 2 EL 2R
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LA 22 (ERIT-4-G). B AR 1 2 5 16U 1 2 48
BT R R B TR LA, S TR AT T 5 A0
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JEEEO—1 168 25 T 4f Lt HL A 68 2% 0, R 68 30 X T B
PV, izl g A R Th et — 20 58 2, WAL AR £
YhEIEe Sy (B RRI-8)
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fig 2% . RHEJE %0 X E MM YR, B—H 25
¥, RIEREORKZ, RIEEFH20%, AIECDA
TR, A T 838 By, SEA W&, e, 58
) ST R o A % . B RIE B, TEAT f I 0 i 4
B A B ok B . SRR AT B e KR ) b )2
5 it 2R AP B (B RD-9) -

39 H A7t 4 K:(25.10+£2.43) mm, £ 75 < B
] WL (R -8-SB), 1o T IE & b 75 s AL FE
FEZ ], A 2 65 210 N A ., B A 11 328 B B P AR,
THAE AR R, 90V A AN B 7 18, 5 A
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Fig. 3 Growth curve of larvae and juvenile K. punctatus and feeding method
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e (REEIZW K B 5635, 183RE /7B B
5, 25 U IR TR Ui B 7 AR T AR, iUk
IR BEEFEKRE S BN sE, SR Y IRE 1A
SR A BA S 3G (B RRT-10) .

HE £ A (5 18 2% 2005 R A (], A 6 4 H 300
Bh Gk 44—55d)  44HBHEM 4K (27.01+
3.27) mm, & 18 ¥ 2k B O 5 Rl e A — B W
W5 TF 46 H B IRIT-9-AS), T 5 5& M &b T 46 1
F8, ST IR S KR . AR SR TT A6 T BT, i 68 B 3T ()
PG 46t B DR 46 () 8, AR R I BB R I I, &
WEAER, SPER A, WIESSERIREE A
B (EIRI-11),

22 I, #HEEKSEHBRHXER

BEAEE3 H AT RIFF DR, MR A S FRIEL,
K Bt s/ NER e, B0 BREE T DL R %E
HEFRF AR, BEMEAS 1% B N6—9 ind./mL, iR IT
FUIGR]; 8 H i 5 M i B J6 5 24, FEMRAT kAT 75 9%
AL, F T8 BTG 4R ) % B 98—10 ind./mL;
30 H S HE AT iR YIML R LRS- 1A RL, 1X 2 B9
PERH ) T A Ak B A4 ) DG B 1A, 9044 1) e 45 BT
SEATSEIL B M Ak, AT DLA AR RN D A
Bl EREERAT. MK E 230 H B MR ALR K
B, B R R AT S — o B A X E ),
o A5 56 0 320 T B B PR AR I I R

PASPSS 17.08 4+ ] Curve Estimation %f 4>
A H B 08 R AT #h 2B AU S o0 A e S H
(3 1), LAR’=0.995 18 5 K [ Cubic B B 1F Jy 5t
R,

B 20 y=—0.004x+0.559x+2.86

BE B W) 905 A1 1 42K 9 (3.1840.54) mm, &
554K, A KIAF](40.83+2.46) mm.

23 M. HELZBIEPEIESFEENFR
SN

PRSI BERIREK A (B 4A)
A FAIIFAT- F(TL: 3.18 mm) 355 H #%(TL: 40.83 mm)
IRA MK A, Rl A KIRERb=1.456, B¥&
KT 1 (P<0.05), Bl EATKAHXS T 2K R H IE 57
K.

IRAR (I 4B) A K H 415 AF £.(TL: 3.18 mm)
FI55H #¥(TL: 40.83 mm)H & A HIAEKD f, F
A KR E=1.367, 3 KT 1 (P<0.05), BIAR A2 4H
PRI IR A K.

WK (B 4C) A K5 sl BLAE42 H & (TL:
25.47 mm), FHEAEKIEHDL,=1.768, BE KT 1
(P<0.05), VI KA T K2 IEREAK, H42HEE
FI55 H# (TL: 40.83 mm), 7 4 K65 %p,=1.078
(P>0.05), BRI AZEH LK

HSSHRMIMFEREK  kKE 5AB
A K E IS £ (TL: 3.18 mm)3]55 H % (TL: 40.83 mm)
IRA HIAEKS A, Rl A KIERp=1.322, B#
KT 1 (P<0.05), Bk KAAX T 4K RO H IE F 3%
Ak,

k(B SBYI A K H WA £ (TL: 3.18 mm)
FI55H #(TL: 40.83 mm)H & A HIAEKD f, F
HAKAIEE=1.690, T KT 1 (P<0.05), Bk mAH
XA KR IE R A K,

KT (B 5C) R AEK S AU I 7E24 H WS (TL:
15.57 mm), 554 KI5 %5,=0.918 (P>0.05), KT
KA T 2K B4R ALK, H24HEF|S5HE(TL:
40.83 mm), A KIEHH,=0.289, BE/PhT1
(P<0.05), BPRFKAHXS T2 KR I H 47 S AR 4

s (B SDY A K B AI AT #.(TL: 3.18 mm)

*1 BB KSHRNERSTSSEHMIT

Tab. 1 The summary and parameters between total length and age in days of K. punctatus

152 3 HrModel summary Z ¥l 1} Parameter estimate
B Model >

R F dfy dfy Sig. Constant b; b, by
LR PR AY Linear 0.974  3081.99 1 251 0.000 1.067 0.684
ot H ith 2645 T Logarithmic 0.740  230.184 1 251 0.000 -10.191 10.380
SR 2 B Inverse 0.277 31.048 1 251 0.000 23.111 -35.594
IR A Y Quadratic 0.993  5960.771 2 250  0.000 3.915 0.315 0.006
SR MR Y Cubic 0.995  4924.753 3 249 0.000  2.860 0.559 —0.004 0
84 A5 Compound 0.962  2072.284 1 251 0.000  4.873 1.041
R Power 0.920  930.665 1 251 0.000  2.042 0.687
SHIZAS curve model 0.465 70.454 1 251 0.000  2.967 -2.736
K 258 Growth 0.962  2072.284 1 251 0.000 1.584 0.040
T 8 ith 2 A5 2 Exponential 0.962  2072.284 1 251 0.000 4.873 0.040
BRI i 2658 Logistic 0.986  5540.437 1 251 0.000 0.219 0.943
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F|55H R (TL: 40.83 mm) %A M AEKS &, 7+
HAKIRHB=1.717, BE KT 1 (P<0.05), RIfA& S AH
X TR EREAEK,

FEMRHK (B SE)AE K B W) AF #(TL: 3.18 mm)
FI5SHE(TL: 40.83 mm)FH %A HBAEKP &, 7
HUAERKIRE=1.473, BE KT 1 (P<0.05), BN EMK
AT F KRB R ek,

i K (B SF) A KR s HELE3 1 H & (TL:
21.41 mm), FiEEKIEHH,=0.560, /N T1
(P<0.05), KX K2 A FEELK; B
31HE#55HE(TL: 40.83 mm), FiEE KIiE%H
b,=0.865 (P>0.05), Rl JI7iE KAHXT T2 KR I H 55
HAEK,

PEEkEENFEREK K (1A
6A)I A K E WIWEAT £(TL: 3.18 mm)#55 H#4(TL:
40.83 mm)HEA W AEKD) &, FEAEKIER
b=1.933, & K T1 (P<0.05), BI &K AN T4 K
I IE K.

T i i Ji — AU 25 K (B 6B) A K H W1 AT
1 (TL: 3.18 mm) 3|55 H#&(TL: 40.83 mm) I A H
MAEKD A, RiEEKIEHD=1.316, & KT 1
(P<0.05), RP 568 i fg — BB 2 KA T2 KR
HIEREAK.

—_
o

—_
(=)
T

0.8 -

0.6 -

y=0.005x"47
R>=0.987

A Maxillary length (mm)

15 20 25 30 35 40 45
4K Total length (mm)

0o 5 10

2.5 e

R>=0.986
1.5

0.5

4K Rostrum length (mm)

0 F

k1% Eye length (mm)

20 [ 3=0.00470

i K (P 6C) A K45 s B AE4 T H % (TL:
25.47 mm), A KIS ,=3.626, BF KT 1 (P<
0.05), Mg KN Tk 2 EREAK, H41 HE
FI55 H % (TL: 40.83 mm), 7% 4= K45 $5,=0.952
(P>0.05), K NG HEA K.

JE K (] 6D) I AE K4 s BLAE42 H % (TL:
26.41 mm), S AEKIEEb,=3.491, BFE KT 1 (P<
0.05), Mg KA T K 2 EREAK, H42HE
FJ55 H#&(TL: 40.83 mm), 57 i# 4 K5 %0p,=0.711,
WE/NT1(P<0.05), BIIEEEK AR T 2K R IH
B A K.

FEfEK (& 6E) AR K H W7 A7 #(TL: 3.18 mm)
FI55H#E(TL: 40.83 mm)H & A HBIA KD &, &
A KR Hb=1.486, 3 KT1 (P<0.05), RIEEEK
FEXF AR R IE R A K.

3 g

A HE L B A Ay i R AR T
(IR B, o XA F R ) A S5 IR - e B0 1 I
P, T2 B [ G B R R 3R
EH, BRI & CB BERA Y. Al
R B 2y R e A UL Y A i KD G RN P AT
P BRI 8 BRI e R B, RS

20

18 LR
1.6 L
14 L
1.2 L
1.0 +
0.8 L
0.6 +
04 |
02 L
0 F

y=0.015x"3¢7
R*=0.982

15 20 25 30 35 40
4K Total length (mm)

-

=0.037x1078
R=0.934

0 5 10

0 5 10 15 20 25 30 35 40 45
4K Total length (mm)
K4 BESEAT, HEfSETE AR B Al K il 2

Fig. 4 Allometric growth curve of head organs in the larval and juvenile K. punctatus
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FEIREE 7 R I H B RS, I XML e K B 1Y
RE ALK K E B B AS R0 20 . B
. MK B A G AR KE M — o, B
NI AL WD AT S P 2 ThE Sy B 2 b TR ik
Bk B AN TR B, B S LT T A A L
MEED AT L LA E IR . fEAF A
B, lH 5P, R, JHARRNIR KRR A S T
BEBS B AR SE R B, X AR I £ B R B ATt %) 41 S
IRBG ) B E
3.1 BT, HEMERNAEFHE

FEARK f, PEOEAT . AR 4 KBl H 8 102381k
FF & Cubic B, A K2k ST . BESEYI AT

96 r A
)

e 8.0
£
= 64|
)
=
L 48
9
B
T 32
K y=0.069x'322
X 16 L R*=0.989

ok

0 5 10 15 20 25 30 35 40 45
4K Total length (mm)

14 r C
,é 12 + )FO.SSZXO’W M
£ ol 0995
=
0
Y
4 6 | y=4.561x"2%
& R*=0.972
Kogq ot
H
2,

0 5 10 15 20 25 30 35 40 45

4K Total length (mm)

101 g

~ 8 r

g

g

S 6

&n

5

=4+

£

é .l 3=0.036x'47

19 R>=0.974
0}

0 5 10 15 20 25 30 35
4> Total length (mm)

40 45
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MORPHOLOGICAL DEVELOPMENT AND ALLOMETRIC GROWTH PATTERN
OF KONOSIRUS PUNCTATUS AT LARVAE AND JUVENILE STAGES

PING Hong-Ling', YU Fang-Ping', ZHANG Tao', HE Jian-Yu’, SHI Hui-Lai' and LU Bin'

(1. Zhejiang Province Key Lab of Mariculture and Enhancement, Marine Fisheries Research Institute of Zhejiang, Zhoushan
316021, China; 2. Department of Biology, University of Pisa, Via Derna 1, Pisa 56125, Italy)

Abstract: This study investigated the morphological development and allometric growth pattern in early life cycle of
Konosirus punctatus and illustrated their crucial ecological meanings for survival. Results showed that the average total
length of larvae fish was (3.18+0.52) mm with water temperature at (21.5+0.5)°C. The morphological development of
K. punctatus was divided into larvae stage (0—43 day age, from hatching to keeled scales appearing) and fry stage
(44—55 day age, from keeled scales appearing to scales covering the body). Morphological changes and organ diffe-
rentiations mainly occurred in the larval stage. Key morphological characteristics including rostrum length, trunk
length, intestinal length, pectoral length and pelvic fin length exhibited allometric growth patterns, in which the growth infle-
xion point were 42 day age (TL: 25.47 mm), 24 day age (TL: 15.57 mm), 31 day age (TL: 21.41 mm), 41 day age (TL:
25.47 mm), 42 day age (26.41 mm), respectively. The growth rate in rostrum length and pectoral length changed from
the positive allometry (before inflexion point) to the same rate (after inflexion point); the growth rate in pelvic fin
length changed from the positive allometry to the negative allometry. These variations could enhance the capacities of
breathing, feeding and escaping. The growth rate in intestinal length changed from negative allometry to the same rate,
which is related to the dietary conversion of K. punctatus. To adapt to the complex environments, key organs involved
in growth and survival were preferentially developed at the early stage, which facilitated the survival rate of K.
punctatus. All the findings provide a fundamental evidence for artificial breeding and seedling cultivation in the future.
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Plate I Morphological development on larvae and juveniles of K. punctatus
L WIEAT i 2. T HERAT #0053, 3H AT 40 4. 6 HIle A7 15 5. OH AT 15 6. 14 H A7 f01; 7. 17 HIA7 15 8. 19 H W AT #2159, 23 H i f1-421;
10. 39 H A7 f1; 11. 44 Hid M 12, SSHEEHEf . EI1—11F5 9500 pm; B 1265 R85 mm
1. Newly hatched larva; 2. 1-day old larva; 3. 3-day old larva; 4. 6-day old larva; 5. 9-day old larva; 6. 14-day old larva; 7. 17-day old larva;
8. 19-day old larva; 9. 23-day old larva; 10. 39-day old larva; 11. 44-day old juvenile; 12. 55-day old juvenile. Bar=500 pm for figure 1—11;
Bar=5 mm for figure 12



5 1 TS ST A IR R A B K U A 1033

BRI BESRAT . FEf R AR

Plate I Local character on larvae and juveniles of K. punctatus

L. WIREAT R O B B 2. 3 F AT S ST 3. 6 FRMAT SRV AL TE; 4. O R RMAT- LR SKAE; 5. 14 F AT ST ALIE; 6. 17 AT F1L K 2
#0; 7. 23 B AT 10 Sk 5T 8. 39 H AT M KT 9. 44 0 IR HE M I ET; OB: i3k, He (OofiE; M: 15 It Ip1&; F: JEERE 4% R: #6 H G: 6
#2; FS: =E4F d; DF: 5HE; Hy: B N H; CV: BAMEE; SB: Ml AS: #%; B+ 45500 pm

1. The yolk sac of the newly hatched larva; 2. Head of 3-day old larva; 3. Intestine of 6-day old larva; 4. Head of 9-day old larva; 5. Intestine
of 14-day old larva; 6. Caudal fin of 17-day old larva; 7. Head of 23-day old larva; 8. Trunk of 39-day old larva; 9. Abdomen of 44-day old
juvenile. OB: oil ball; H: heart; M: mouth; I: Intestine; F: Intestinal wall fold; R: rotifer; G: gill; FS: fairy shrimp; DF: dorsal fin; Hy:
hypural; CV: caudal vertebra; SB: swim bladder; AS: abdominal scale; Bar=500 pm



