EDKFERR: 2018 £ 3 B, 25(2): 301-307
Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2018.17167

H 7278 4R a5t B2 3 72 7 Sk Bl B S B B B I S A R B3

HAEYE AR

1. R ISR A mrRlee#Be, W B £ 453007;
2. HroE2epbE SEahEEBE, W Hr £ 453003

BAEMY, FTA WEL, THE

WE: R HE Yt K A0 R i B ik, 5k T H A TH EF(Macrobrachium nipponense) i 57 [A]31 (C 1,
intermolt stage) X 1H 3¢ iz T8 5 A5 £ il 21 1 i BZ 11T 6 191 (D4 19, 1 ate premolt stage) Fillii & 5 ] (postmolt stage)A — B 1]
3k iy FR M- I TE S S5 F0 AR AR . S5 R BOR, HARTBIRIMEEE A L3RR AhER . R =2, DI BUHT Y
B RANEE B, B BB N B, A1 R R B T PN R S g R . IR R B & B, C WSk P L Ah R
W R LT B — B T AT SR A A T AR S5 4 BLARZ 9 & 3K 1 FLAE R Gt (pore canals, pe), {H NS J AR )2 A]
He BB AR, SRR ZUNE 1 BT, S5E0E, 2N pe KN — GEUIBIE, 73R AR 2 U)1H 5 %
RS, SiRECERS, 2N pc K/ANREE . ZARIE . EBUEHTS, bR 8 b 3%, 5 CIIMLL, Dy BFoh
PR BAEE R S IH N R B A AL, TAE A 99, SR R B Ah ¥ i b A8 S B0, 3k T R 5 W5 R IS 2R B IR A Ak AH

Ko AT Ty ) B A 64 150 B AL A 4 L mil B A

KR HARBER, ShEH%; WL R, HE e, HRibs
X E4RS: 1005-8737-(2018)02-0301-07

HhE S ES: S917 SERFRERD: A

5 301 23 )2 1R 2 B2 A i e A 114 A1 %
BE AR SRR, TR 3 4 FREL,
ERC R PRI 2 L BR ) T s A= i, A
OV 3oL Jo S 14 58 Rz o R G — B, 050 B ) O FR
Feah YA KR A P L A i T A A B
F, Hm AL — B AT R R, W 5e )
Yyigt i R0 D 4 AN T3 ERCHTIY L W5
B AN R S A IR R A, TS
T, WE R, TH R T 5 T A 5 A 2 1,
Wi B2 S L MR B B R, T N R B,
[F] ik 52 1 B A AL RN AR, R B gT A,
I Fesh W) 4 5E B J 39155 0B 48 O TR I 4 AL D)

A A B 1 1 L 28 BP9 Aok A ),

LR ALY @)k, B A PAS
e A Masson Be(a 2, fE I s A % i
BT Ao o AT 7 S folo g ml o — 20 M6 R

Y¥s HEA: 2017-04-28; &7 HHA: 2017-07-01.
BELWB: WA EalSEEE AR D55 H (142300410021).

Bz AR B i A Al 20 BB A 4R 22 L 1) 4
PR AR FEXT G2, T — A0 7 U AR R A
SER I A LA A WA -

H 7 78 ¥F (Macrobrachium nipponense) 2 1 &
HEMIRKFFFELETTINE, AR AU R
F1 41 4 e A L 7 1 TPV RIR 5 S il Y 70 8 R AR
G Key S FLAE W0 7 3k B b O BORN R R, WI2E T R
Wd Kz J S vh 3 He 25 JE I B A AR Ak, Ay ) TR AR Y
W5t Rz ML AR AL FE R ZEOR

1 MRE5FE

1.1 7

EIUEE R H A 78 3R (0] 7 i BH % <7 ¥ S 40
PR K 2.5~3.5 cm), 1 3% FK R H, KR
(25£1)°C, B H R WA 1k, 1 J8E T35
5%

EZ BN H15(1980-), L, 7R+, 5% M A sh¥ 4 #1. E-mail: dujuan0313@126.com
BEEE T8, #8, 4 TI6. E-mal: ninggianji1964@163.com



302 R R A

% 25 %

12 WiERAPNEE

S 1 A S R JE 3 94 S ik Cesar 211
(75, 4 H it K B39 C 9 (intermolt stage) .
158 B2 Hir 549 (Do 39, early premolt stage) . #5¢ K¢ Fif i
H(Ds #1, late premolt stage). i f7 J5 (postmolt
stage)A~B 1155 5 NI 7 LAA: S8 P R B
T C AN Do SN B ESE# EA T2 R, B
IEAR S5 H R B Do 3141
13 HARZFRALANZEHR

B CHI. Do, ALK B IARYAIER, HEERIX
S BT 5~7 mm (19 /hER, Davidson's fixative
(DF) 5 M 5 24 h, Bk hEE 1 h, RIS
WK, IET R EN, AkEE, Leica VIR L
(5[5 Leica, RM2245) FATRE VIR AR YT, I A )&
6 pm, R4 R R vk B 2B R, HE
Y J5 W 0EE (Nikon, YS2-H) TR 541,
v BE 14 mmx14 mm S8 AT
22 60°C HIRMINE 3d, B 3R —HOK, K
Y A I T 440 HL B (H 52, TM3030PIus) 1Y
Haa b, B IRGHChRRHMY, SBC-12)8% i
W4 e, FEFRBEIMEE . R T HE g

20 o i D I N W € N DA
BN A AEE, BERRZE MR e, TV
A 2.5%% P EE 12 h s, WERRZE whik bk 3
W, B 15 min, IS RC ] % 30%. 50%. 70%.
80% . 90% 1) A T Pt i W A% BE B /K, &FIR 10~
15 min, BRI HNK B 5 AGRUT BE 3
W, BR 15 min, JE—IKE 4CIKFEN, REH
FES B A B A T (8 E CHRIST, 1-2LD), 7F
REZ RS TSR T TS RS
i TRER G b, 20 T I S 0E 4 5 45148 i S 00
5% AT L

2 HBRE5HH

2.1 AN[E)ER R HA B 2B R Sk B B B B A

Z HE LA 7, C Ik i FH A Sk 73 32 (181
la), BPEREz . SMREMNE R, BABERZ .
BRI, ERMEINZ, SRR
JER) 1/12~1/14, HE B (035 (ALK, st 4l i
WL, SMRBER, Mgtk iesn, BWEHE

o, P 2] UL A HES | BH A (] S5l T
G5 RE N AT NI INZE B HES, NR LR
JES AR AN Y, BEEImRE, MRk A,
HF I R 8] 1) 25 HEDN BB b B A )2 2 A B
M2, AR AL, H T EO 6 RS
JRH, SECEEAMMIE S RRE SR,
YRR ST T SR HRIR . 7E DL (I 1b), JRAIH
TR B B B R AN R B, detn
IHZ M AR ], 1 Bz 4 B2 0000 %, 400 fif B
W, NEAER, MUBTRERRYE, WEEDE, AT
JIEIEHR, &Rk, B E ., BEE A (A
1o)F e HAA B3R AANE K, B WI(E 1d) 3R B
WP AW B E AL Dy IR

- o e TN

P 1 AN [R50 B i 40 A 7 0 Sk g HY 0 1 4 212 454
a CHi; b: D,3; c: A #; d: B 1.
En: INFJZ; Ep: LKz Epin B4, Ex: AhFE I
nEn: BN K nEp: BT LR nEx: BAMER L.
Fig.1 Histological structures of carapace cuticle of Macro-
brachium nipponense in different molting stages
a C stage; b: D, stage; c: A stage; d: B stage.
En: endocuticle; Ep: epicuticle; Epi: epidermis; Ex: exocuticle;
nEn: new endocuticle; nEp: new epicuticle; nEx: new exocuticle.
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Fig. 2 SEM micrographs of cross-sections of carapace cuticle of Macrobrachium nipponense in stage C

a. Cross-section of cuticle; b, c. Higher magnifications of the cross-section showing detail images of endocuticle. En: endocuticle; Ep:
epicuticle; Ex: exocuticle. Open braces represent chitin-protein layers. Thin arrows indicate sharp fractures of the fibers.
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Fig. 3 SEM micrographs of sagittal sections of carapace cuticle of Macrobrachium nipponense in stage C

a. Sagittal section of cuticle; b, c. Higher magnifications of the sagittal section showing exocuticle and endocuticle; d: SEM micrograph
of endocuticle when epidermis was scraped. En: endocuticle; Ex: exocuticle; P: cuticular pores; pc: pore canals; pct: pore canal tubes.
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Fig. 4 SEM micrographs of sagittal sections of cuticles in carapace of Macrobrachium nipponense in late premolt stage
a. Sagittalsection of cuticles; b. Sagittal section of old cuticle; c. Sagittal section of new cuticle.
En: endocuticle; Epi: epidermis; Ex: exocuticle; nEx: new exocuticle; P: cuticular pores.
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K5 HfBET A BIH B H AT ARk A o R D
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Fig. 5 SEM micrographs of sagittal sections of cuticles in carapace of Macrobrachium nipponense in A and B stages

a, b: sagittal sections of cuticlesin A stage; ¢, d: sagittal sections of cuticlesin B stage.
Epi: epidermis; nEn: new endocuticle; pct: pore canal tubes.
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Changes in the ultrastructure of the carapace during the molt cycle of
Macrobrachium nipponense

DU Juan™?, ZHANG Junfang', ZHENG Zhengfan®, HUANG Yaong*, MIAO Zelong®, NING Qianji*

1. College of Life Sciences, Henan Normal University, Xinxiang 453007, Ching;
2. School of Basic Medical Sciences, Xinxiang Medical University, Xinxiang 453003, China

Abstract: The carapace exoskeletal structure, and its change during the molt cycle of Macrobrachium nipponense,
were studied using hematoxylin-eosin staining and the observation of paraffin sections using scanning electron
microscopy (SEM). The results showed that the exoskeleton in the intermolt stage (C) is composed of three
sub-layers: epicuticle, exocuticle, and an endocuticle, from the outer to the inner layer. The newly formed epicuti-
cle, exocuticle, and endocuticle in the carapace occur in the late premolt D, and postmolt B stages. The exocuticle
is in a strongly basophilic state but the endocuticle is in a weak eosinophilic state. The observation by SEM re-
vealed that, in stage C, both exocuticle and endocuticle have lamellae comprised of parallel sheets of chi-
tin-protein fibers, with abundant pore canals (pc). The stacking density of the lamellae in the exocuticle is higher
than that in the endocuticle. The lamellae edges of the exocuticle are regular and the pore canals within them are
approximately circular. On the other hand, there are rough edges and unequal-sized, fusiform pore canals in the
endocuticle. There is a significant change in the ultrastructure in the newly formed exocuticle after molt. In stage
D4, the ultrastructure of the exocuticle is loose, and similar to the old endocuticle from stage C; however, the den-
sity of the exocuticle increases in stage A, which may be associated with calcification after molting.

Key words: Macrobrachium nipponense; exoskeleton; molt cycle; hematoxylin-eosin staining; scanning electron
microscope
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