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maximus )t . K 0 fifi  ( Micropterus sal-
moides) LB B )| f ( Platichthys stellatus) te-71
2232 #5 ( Huso huso @ x Acipenser baeri & )™ | %
Ay ) ( Hucho taimen) |41} ( Carassius auratus
red var. ) """ i [C il ( Sebastes schlegeli) " Fil
YU 88 5 ( Trachinotus ovatus) ' BIHF5E .
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5 ST HHLL, S2 AR RIA /I, 40 B S AR AEPE RS 55, 1
SIEH GO AFE /T B R B 45 S8 LI K&, 1A
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RE )25 . SEHRENAE , B 45 AL JE S MR A5 AR
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0.05) , Wi 5 #H B 22 i) 0 A7 76 2 25 P 25 5 (P <

0.05) , Ff H.bifi 7 ] BYUKR B[] 9 22 K, L2 20 3% 7 3
WA, LK E,SLAYS SOHZMER AR
FH(P>0.05),5 S2 44 .S4 #H S8 4 2 [AJfF4E B 3F
P25 (P <0.05); S2 4 .S4 41 S8 4 AHH = 1] 2=
SAEEP>0.05) , B 55X MAFEREEES
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Tab.1 Changes in morphological traits of young L. haematocheila after intermittent hunger

PEAR characters SO S2 S4 S8
4K /mm total length 35.16 £2. 13" 33.08 £2.94° 30. 65 £ 4. 42° 27.8 +4.19¢ 24.4 +2.18°
&K /mm body length 29.41 £2.14° 27.46 £2.45° 25.4 +3.87° 22.89 +3.59¢ 20.41 +2.78°¢
ALHTK/mm pre-anal length 20.21 +1.27° 18.95 + 1. 64° 17.55 2. 62°¢ 15.72 £2.39¢ 14.21 £2.31°
3. K /mm head length 8.07 £0.53° 7.78 +0. 65° 7.17 0. 85° 6.88 +0. 84" 6.77 +0. 64°
1A% /mm trunk height 8.05 +0. 63" 7.36 0. 63" 6.91 +1.03° 6.42 +0.97¢ 6.09 +0.78°
1K JFi 4t/ g weight 0.538 +0. 105" 0. 447 +0. 096" 0.384 £0.151°¢ 0.286 +0. 118" 0.247 +0.107°

TE: FATEE EAR/NG FRER R ZOR YL L2 10 25 5 835 (P <0.05) , N [H]

Notes: The means of different superscript lower case letters within same line indicate significantly difference( P <0.05). The same below
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P B TE U, T g 3 GE MR S o L E
BB, N Aoy 4 )2 JE 2 REIRETR 2
Uz KB, BESE AL AEE -8 o)
KXo BRI LR AE)Z R, RZ 0 w410l ,
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JZ A0 AS FE I HE B, 25 T J2 AL A 2 2 B
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SLHZESARFE(P>0.05), FEREmEHT
IR 1 ) BT A AV, T S A < 1) B UL R 1 B ]
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FEAR AN, 20 M 55 HE ), A M A 2 AR S, Bt
o B/ M H R IR B M BE i 8, 18 BRI, T 1
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Tab.2 The changes in the tissue structure of the esophagus of young

L. haematocheila after intermittent hunger

8 esophagus SO S1 S2 S4 S8
i REJE/um a b b b b
X 259.75 £28.71 200.75 £23.92 176.1 £17.3 175.25 +21.37 174.67 +16.51
tube wall thickness
bR/ pm a ¢ ¢ b b
. L 160. 77 +£20. 03 94.3 +8.19 84.82 +3.59 114.15 £11.95 126.67 £7.42
height of the epithelium
R4 5 1/ pm
¥ '_J‘X " 67.03 £6.05" 80.95 £6. 84" 66. 87 +8.35° 49.3 +£5.26° 40.93 +2.28¢
fold height
W4 95 R/ pm . . ,
. 30.21 +6.89 33.55 £5. 54" 24.92 £4.53" 24.25 £5.29°¢ 17.55 1. 19
fold width
PR K 72/ m . . . . .
. 12.5 +1.61 12.22 £1. 11 13.35 +1. 17 14.5 £2.52 14.5 +2.33°
long diameter of goblet cell
AR A0 S A/ pm
. = 11.4 £2. 647 10.17 £1.1* 9.93 £1.5° 9.48 £1.37° 9.92 +1.87°
short diameter of goblet cell
LI £/ . . b ‘ .
76.33 £7.05° 73.8 £7.32 59.25 £4.99 51.75£7.75 54.27 £5.45

muscle layer thickness

W O N RSOkt N i = [ET €
UM O] ™= 2R i A fb W36 3 3k 4, Bl %5 5
YR AL W [V B (1) ) B A, B 8 T I R e D A
BE JELFE B W /0N, b R ) e R A B i R AIG, S8
B EHE (P <0.05) 45 68 m BE W A8 e AS B 3%
55T BT AR LL, B) B VLR 2 S4 41 B i 3 FE AR
(P <0.05) ,{HZ] S8 41t 3 i 25 3 &y , [A] A b, 4%
ke J3E I A () BT [ ) A 5 o AR 2, {HL#) S8

A, AR 0 B SUPR S B 0 BRZH K, i SO 41
SUAHZEF AR (P>0.05), 5 S2 il S4 472 5+
BF(P<0.05),S2 45 S4 HERARF(P >
0.05) ; LA JZ S JE b, B3 [a] &L K I (8] ) 2E 1
BWAEE, o ST 41 SO I L 2= B (P <
0.05),5 S2 41 L 22 % A ¥ (P >0.05),8S2
45 S4 ML ZE R B (P <0.05),84 415 S8
AR ZE R AR (P >0.05),

R3 EHEMENEEREYETRTBEALEHHEN

Tab.3 Changes in the tissue structure of the gastric cardia of young L. haematocheila after intermittent hunger

ERAARE!

gastric cardia

SO

S2 S4 S8

A REJE/ um

B . 335.67 +38.93" 318.3 +18.89%°  290.63 £24.68  276.23 £26.41°"  248.28 +28.78¢

tube wall thickness

B/ . m . . a
. ) o 95.95 £7.35 99.97 +18. 63° 82.03 +11.78 75.5 +10. 48 175.78 +8.08

height of the epithelium

P4 5 3/ wm

i R 60.13 4. 83" 60.1 3. 46" 60.42 £4.27° 39.38 £1.97° 74.27 £7.93¢

fold height

845 98/ wm ) ) .

TR 27.77 £2.68° 28.72 £1.92° 20.37 £3.31° 21.07 £2.98° 28.95 £2.03°

fold width

WLZ &/ pum ) . .
=R 92.07 £5.27° 74.42 £8.79° 70.25 £9. 08" 56.48 +£3.88°¢ 52.35 £6.4°

muscle layer thickness

B HA T EKIE B AR, R R 404, m) Py 58
BB SEETER, B A (BRI -2) , ALk,
V] B4R LR R A BE JRE BE B, SO 41T ST 2H 25 7oA
BEHEP>0.05), 5543 HMULERRE(P<
0.05),S2 4H .S4 415 S8 HAHH Z i % A W3
(P>0.05)(%4). £ EEEmE ST S2 4
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12 4 )T A T B B RAGE SR AR 4l R 1K R G B BB A AT N IR 1841
(P<0.05) . FhNREHTC 8 AH B2 () Mg AT 22 5, fH O, 28 S8 RS B W) 4 % BRAH /K P S2 il S4 4

ZESEARFE (P >0.05)  WLJZ 5 JE Bl 5 8] 811k
S [) B S I, SR U, B IS 2 S2 )R Bl S L

*4

It 3 4122 5 35 (P <0.05) A0 B 2Z ) 22 57
REE(P>0.05),

BEENEEEAREH S M TRAREMH TN

Tab.4 The changes in the tissue structure of the pyloric

stomach of young L. haematocheila after intermittent hunger

H H [ ]7 stomach pylorus SO

S1

S2 S4 S8

EREIE/ m

X 253.68 £5.57*%
tube wall thickness

b KR EE/ wm

260.23 +15. 04"

207.03 +5.63° 203.93 + 4. 48° 201.7 +8.64°

. A L 158.47 +2.52° 193.97 +15. 69" 202.1+12.6° 158.95 +8. 53" 156. 88 +7.00"
height of the epithelium
R ERE 5 B/ m
" '_]‘X " . 118.52 +8. 58" 110.37 +7. 86" 176.62 +6.9° 221.78 £9.07°¢ 210.23 £9.48°
mucosal folds height
iR 9/ wm
FIRH LI/ b . 25.22 £9.72° 19.42 +3.95° 23.67 £8.53" 26.27 +10.23" 16. 88 £5.53"
mucosal folds width
WUZ &/ pm

mOR . 77.32 £4.6° 60.6 =8.55" 95.18 £7.45° 89.2 +7.88° 60. 77 £10. 35"
muscle layer thickness

2.4 [EERMEULE TR B 4h & B A R S HY R I S4 41A S8 41 2% AR FE (P >0.05) ; 7678 45 %5

P 4l 0 gyt B RS 3 4 B R, A
o 5 T e ML, TP I B i, A TS BT M
M, )5 M0 8 RE R B ORI B S i 12 s
AN RR)Z BT E DUE R R 8 B
JJZ g R FEAR B R A M R RS R e
ORGE,ALT M BRI -1.6.11) . FilE =
RPN T g e e S o R AR SR )
A T L 8 2 S AR AR AR A0, TR 2 ~ 4 4, P E3 ~
SA S ~T A, B BJE & A D i IR A A
i, M 3 A% S R A e EE 2 S N BT, ST L P
Ja R H R A5 JEH B A (BRI -2.7) 5 S2
LT T S5 R 72 AL W] ., 20 JH T B AR, 2 41
A B WG, LA JE S5 R T = 0 8 (& i
Il -3.8.12), S4 4} S8 4 sy & JIig i kA 3 2%
T 22 406 , 2% 5B 30 A7 AN [R) A 2 45340, LA I 45 2 e
TEBR, A E A, A T E BRI -
13) ., S8 # iz if b Bz 20 23 b th BRIGE % | Iy 224 25 B
Z(ERRI -4.5.14)

() A L o AR R 4y f8 R L P S T A BE TR
JE b B2 R BE R A e PR A ) R
WS ~FR T, FERT I RES L | BR S8 4 3%
/N (P <0.05) Zoh, HoAih 41 22 5% A g 55 (P >
0.05), bR = R BUSE BTG TREREH, 5
Xf RRZHAH BE, ST 20 S2 4 22 5 | 3 (P <0.05),

JEE ST i, 5 A4 22 57 8% (P <0.05),
S2 HIRZ Bk S4 A4, HHANAHIEF BFE (P <
0.05),S8 Zli/IN, (ERE 45 T8 HE b, 52 B i 30
%, 2= S4 B SRR (S0 41) 22 5+ 3% (P
<0.05) ; 7E MR 40 i I A2 B, 52 28 3 9 )
OB SAHE XA ZETRFH(P<0.05); 1£
PRAR AR M A2 b, S B e/ [ & S2 A e/, IF
5 S0 H 5w (P <0.05) ], J5 XHin, %= S8
AU X IRA R KN (R S) o

Tl SET A KPS R L ERR R
JE B 5 B G 0 TR s A B, = ST RCR,
Ji S8 M R AT AR TR BRZEL K P 2% R Al
5 X IR AR A W R o 8 4858 BEBR S2 41 Ah, Hifth
FHEMERARZFE (P >0.05) . MARINMER ST
25 %) B A P B 25 AR /N Z 5 (P < 0.05) , Hofth
FHERAEH(P>0.05)(FK6),

TEJG B BEREE | b B i BE DL SRR g FE L
SR IRZHAH Fe, ST AL AT S2 41y | R (P <
0.05) , 2 Ji5 b 4 6] B LR A A <, S 2108 iR 4 7K
5 FEREARTERE b, X BRI 58 R R e L BRS S2 42
FAREI, HHABRH 227 RE (P <0.05),52 4
ZIR EREZ AR s TERRIR A Y K A% L, S2 4l
KHS X IR 22 57 A B35 (P >0.05),S1 41145 S8
HEFARFE, G IR 2R W5 (P <0.05),
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Tab.5 The data in the tissue structure of the foregut of young
L. haematocheila after intermittent hunger
fij 7 foregut SO S1 S2 S4 S8
T BE A/ um . . ) : b
187.1 £16. 68 184.17 £5.9 193. 63 +10. 09 187.63 +£13.35 159.05 £5.02

tube wall thickness
B JZ R/ wm

. L 144.25 £6.9° 160. 13 +6. 84° 159.27 +8.27° 147.37 £12.52*° 142.1 £11.53*
height of the epithelium
FE A 1 B/ wm
" '_J‘X w 122.92 +7.93* 146. 4 +4.72° 130. 45 £10. 03¢ 124.53 7.9 116.97 £3.61°
fold height
A TERE/ wm .
J'fx " 50.42 £4.63" 53.17 £3.92% 54.18 £2.04% 55.8 +4.27° 63.28 £3.09°¢
fold width
R 46 <R/ om
ﬂ H e 14.17 £1.27° 12.91 +1.07® 12.68 £1.31% 11.88 +1.33% 11.02 +1.05¢
long diameter of goblet cell
AR 40 M 4 4%/ wm e . . .
o 8.47 £0.98* 7.47 £1. 42 6.23 =1.42° 7.02 £1.53% 8.97 £1.4¢

short diameter of goblet cell

®6 HEUENEEREYEPFAREHHTN

Tab.6 Changes in the tissue structure of the midgut of young L. haematocheila after intermittent hunger

77 midgut
ol midg S0 S1 S2 S4 S8
B REJR/ um
s X 174.93 £10.07*° 188. 15 +10. 88" 177.82 £7.92° 169. 67 £7.24% 160.5 £4.3°
tube wall thickness
bR R/ um
. M_,]X ‘L_ . 148.52 +3. 69 155.60 +5.55° 147.10 £6. 65" 143.55 +6.45% 140.53 £3.9°¢
height of the epithelium
i/ a a 1 a :
. 132.10 +6. 68 132.40 +3.54 130.28 +11.77° 127.52 +£6. 31 132.02 +6.21
fold height
4K 58 1 / um
N Jlf)g " 45.93 £2.9° 49.53 £8.08" 62.62 +5.3° 52.23 £3.51* 52.55 £7.47°
fold width
FRAR 0 I 72/ wm . . . . .
R 11.97 +2. 22" 7.98 £1.08 10.97 +1.99 11. 08 +0. 94° 10.47 1.6
long diameter of goblet cell
AP L A A%/ m
. o 8.00 +£0. 87" 6.95 £1.04" 7.60 £1.12° 8.42 £2.56" 8.02 +0.81°"
short diameter of goblet cell
x7 HERUHENBEESAREYERHALSITHIE
Tab.7 The data in the tissue of the hindgut of young L. haematocheila after intermittent hunger
E indgut
J& W% hindg SO S1 S2 S4 S8
A BEJE/ um b b : '
) 146.70 +7.97*% 174.68 +4.1 174.07 £5. 21 158. 17 £10.42*% 150. 35 +5.55*°
tube wall thickness
I B 2 i/ um
. s M, . 126. 30 +3. 74" 158.63 9. 52° 156.23 +5.92° 138.02 +7. 64°¢ 120. 67 £7. 05"
height of the epithelium
R84 B/ m . ) .
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HIE 612/ um ) . , N .
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fold width
RN K72/ \ ‘
. S 12.50 £1.27* 10.37 £0.65°¢ 13.03 £1.94° 11.46 £1. 66" 10.02 £1. 03¢
long diameter of goblet cell
PR 40 i A 4%/ wm .
| " 7.77+1.7° 8.37 +0.95% 10.03 £2.19° 8.55+1.81% 9.72 +1.66%

short diameter of goblet cell
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Effects of intermittent feeding on the development of the digestivesystem
and morphological behavior for juveniles of Liza haematocheila

NIE Guangfeng', LI Jiaer'*, OU Youjun', WANG Pengfei', WEN Jiufu' , TANG Qingliang’
(1. Key Lab of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture, South China
Sea Fisheries Research Institute, Chinese Academy of Fishery Science, Guangzhou 510300, China;

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;

3. Guangdong Well — bred Mullets Fish Farm, Zhuhai 519090, China)

Abstract; A 22-day feeding trial was conducted to assess the compensatory growth response to different
cyclic starvation and refeeding regimes in juvenile Liza haematocheila. The test was performed in the
conditions of the water temperature: (19 +2)°C, pH:7.2, salinity: 3.5, the oxygen content was 6% , the
same age (36 days), the similar size, the L. haematocheila juvenile were fed :twice a day,once a day,
once 2 days,once 4 days,once 8 days (namely SO, S1, S2, S4, S8 ), cyclic feeding 20 d, sampling at 22
d. We measured morphological characters about the body weight, body length, body height, head length,
length before anal and so on. The experiments were carried out using anatomy, Bonn’ s solution fixation,
paraffin sections, H. E staining, optical microscopy techniques to observe the juvenile barracuda’s structure,
morphology of the digestive organs in different groups. The esophagus, stomach and intestines cortex
height, tall columnar cells, wall thickness, muscle layer thickness and the size of the esophagus and
intestinal goblet cells were measured. Using SPSS19. 0 software for measurement data, we analysed the
impact of intermittent starvation on their histology. The results showed:in terms of juvenile behavior, the
cluster of SO and S1 was strong, swift movement, the cluster of S4 and S8 was weak, when they were
frightened, they were in sporadic distribution, and the movement was somewhat less. In terms of
morphology, the individuals of SO had the largest increase, almost with the same period the growth of
juvenile fish in the nursery pond, individuals of S1 were smaller than SO, there was a significant difference
between the groups in the weight in both SO and S1; S4, S8 had varying degrees of damage, with a big head
and a little body, stomach volume was reduced, wall thinning; intestinal wall thinning transparent,
mesenteric fat disappeared because of atrophy. Liver volume was significantly reduced with the color change
from the original pink to crimson yellow. In tissue structure, SO inter-group’ s tissue has somewhat changed,
but it was not obvious. S1, S2 had a significant increase in the mucus cells; the gastric cells developed, but
the secretory granules decreased, intestinal folds height decreased significantly and epithelial cell height
reduced, the striated border height in SO and S1 did not change significantly; from S1 to S4,the striated
border height gradually became smaller, even irregular, S4, S8 group striated border height reduced
significantly. In addition, obvious changes could be found in gastrointestinal mucosa of S8 group with fewer
endocrine granule,intestinal brush border broken off, height of columnar cells reduced significantly from the
front to the rear of intestine, goblet cells was significantly smaller in volume, liver cell shrinkage, reducing
the number of lipid vacuoles, cell boundaries obvious and irregular, pancreatic acinar narrow, irregular
arrangement. The results showed that when juvenile L. haematocheila at intermittent short-term starvation,
the fish could adjust itself accordingly in tissue structure, the compensation effect existed, but when the
intermittent hunger had a certain period of time,and then the digestive structure will display some irreversible
phenomenon.

Key words: Liza haematocheila; histology; juveniles; hunger; digestive system
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Bk 1 BESENEESEREDEREHRALEY
L ERPEDLAR O ds 2 (AP BRPEDLIR 1 ds 3 MIEKPEDLIR 3 ds 4. MIBKPEDLIR 7 d. CM 3R L5 E: B JZ; GO ARARANNE s LM ML M3
B2 s MC: LN JZ s S IRJZ; SCE B2 HolR B Iz SM:BiE T )25 SSE: &2 hi 2 b %
Plate 1 The tissue structure of the esophagus of young Liza haematocheila
after intermittent hunger
1 :intermittent hunger O d; 2:intermittent hunger 1 d; 3:intermittent hunger 3 d; 4:intermittent hunger 7 d. CM: circular muscle; E:
epithelium; GC: goblet cell; LM ;longitudinal muscle; M :mucosa; MC :muscle layer; S:serosa; SCE:simple columnar epithelium; SM:

submucosa; SSE :stratified squamous epithelium
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Plate 2 The tissue structure of the stomach of young Liza haematocheila

after intermittent hunger
1 :intermittent hunger O d pyloric stomach; 2 :intermittent hunger O d pyloric stomach; 3 :intermittent hunger 0 d gastric mucosal folds; 4
intermittent hunger 1 d pyloric stomach; 5 :intermittent hunger 3 d pyloric stomach; 6 :intermittent hunger O d gastric cardia; 7 ;intermittent
hunger 0. 5 d gastric cardia; 8 :intermittent hunger 1 d gastric cardia; 9 :intermittent hunger 3 d gastric cardia; 10 :intermittent hunger 7 d
gastric cardia. BV ;blood vessel; CM :circuiar muscle; GG gastric gland; GP: gastric pit; LM ;longitudinal muscle; LP:lamina propria;

M :mucosa; MC :muscle layer; S:serosa; SM:submucosa; SCE:simple columnar epithelium
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Plate 3 Changes in the tissue structure of the intestine of young Liza haematocheila

after intermittent hunger
1 :intermittent hunger O d foregut; 2. intermittent hunger 0.5 d foregut; 3. intermittent hunger 1 d foregut; 4:intermittent hunger 3 d
foregut; 5:intermittent hunger 7 d foregut; 6 :intermittent hunger O d midgut; 7 :intermittent hunger 0. 5 d midgut; 8 :intermittent hunger
1 d midgut; 9 :intermittent hunger 3 d midgut; 10 :intermittent hunger 7 d midgut; 11 :intermittent hunger O d hindgut; 12:intermittent
hunger 1 d hindgut; 13 :intermittent hunger 3 d hindgut; 14 :intermittent hunger 7 d hindgut. BC: blood cell; BV :blood vessel; CL:central

lacteal ; GC: goblet cell; M : mucosa; MC :muscle layer; S:serosa; SB:striated border; SCE :simple columnar epithelium; SM : submucosa
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Plate 4 Changes in the tissue structure of the hepatopancreas of

young Liza haematocheila after intermittent hunger
1 :intermittent hunger O d; 2 :intermittent hunger O d; 3 :intermittent hunger 0. 5 d; 4 :intermittent hunger 0. 5 d; 5:intermittent hunger 1
d; 6:intermittent hunger 1 d; 7 :intermittent hunger 3 d; 8 :intermittent hunger 3 d; 9 :intermittent hunger 7 d; 10 :intermittent hunger 7 d;
11 ;intermittent hunger O d, pancreas. AC; acinar cells; BC:blood cell; BV :blood vessel; BD:bile duct; CV:central vein; HC: hepatic
cord; HS:hepatic sinusoid; HP:hepatic cell cord; IL:Interlobular arteries; IV :interlobular vein; KC:Kupffer cell; P:pancreas; V:vein

(liver)
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