HEDKFERE 2018 £ 9 B, 25(5): 976-987

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.3724/SP.J.1118.2018.17454

FHREBRRBMPYELT T EHANEMEN

kR, MEmE, TREL BElL, HrR, KRE

L AR SE K= BE, TR T 524025
2. WL S B RA ], TR T 524382

FE: HIFOLH A 2 (Spunculus nudus) & B I &S24 HRIE, FIFGEE 44 i BE B AR ULER TR H AL B iR i A 4 4
KBRS E, S5REH: (O)RE MR RGIEETLIMA . %5, FEik, s f ., ks, 58
RSE R BB B, R . IR RIS S ORI R R AR R, IR, REE MR .
(2Q)/KIE A 30~31.5°CEM T, UIT3245 30 min J5 T URIIZL, 2 h IF IR R AR, 4 h G k& ARG, 24 h 5 B
RN, 8~9 d JG M & AR I E A . (3)JEH R Bk SR e X g A O Y . HER &)y on] fRObERE Ui sh, IR
R HAAL T, Hh, RaimBA — R KT E; @D I0EFL P o b ik sh, 55 8@ M RS £
PIFPZSHY  IRARTE IR A B SR o (BRI B i, SRR . DATAF B, S EAT IR AR
ML, NG BARKK, FEBIBW N E@L EMAPRTEWA, BEL T AT, WBENLAHORKIRE R, T
TIRAREEE; HIRE TR, Wi AR, RAEEE, EIRTATBOE AT T, (5B BRI R AT, &
R, RERRAMBEZE, WEENLR LS, SIS R RER, BEERMTF, MFHEARNHSMRLE; &
R v e SN TR R ERE BB AR, IRWINL . AR . FIANLERS B o 2 . BFITEs Rv] el 2 du A pE e

HATEFOHFRMAEIES

X EHER; TS, ik, £F; BALSH
FESHEE: S917, 0959.19 XHEAARERS: A

Y64 A i (Sipunculus nudus) X 4% #RAK 5 #% 2
H RFReU >, S R RS W, Tz g
TR L A R A KSR T T X, R
WV A A A, Horb AU Vi R R R e o
& o JER AR EARE AT NE, (AHREK
IR T A ARFPRE . BHRITE) AR . LI
VB S5 M L 2 W T R AR A U N T SR R R
W5 Ak pe sl

R R & B R S A Y2 g 1
A, FESMERTT R T HIEHS . Rice ZE 20 4D
70—80 AR EHIE T BT [ 4 A 1 (Phascol osoma
agassizii). 1% 4% 5 &Y Phascolion cryptus,

ks BEA: 2017-12-26; 1&3T HEA: 2018-03-07.

XEHS: 1005-8737-(2018)05-0976—12

K A% 1A A 1 (Siphonosoma cumanense) . YG#E A
MR R BB MR LT SR, Tk,
Adrianov 2P LS T H AT I8 A S (0 20 L R
(Thysanocardia nigra) . #% fil & HUJ& ) Themiste
pyroides Fl P R4 L iy & B i, RS e A X
HRAH EeAE, BB A A S e R T, py-
roides K B BAAER FH 2R FNCT AR
Y& B BT 4 e T 1 48 B (P, esculenta)
O R AL Fh . Rt %l a5E
2 U150 ) 3 o N TR 3R A T 0T 1A 2 Y
R AR, IR T A& B B2 NIE S F 5
fiE, ®IZB4rHr THRIE | $hE | KK pH SR T

EEWMEB: | AAREI R H (2016A020209010); )7 ARA B A= R 451 H (2017A030303075); | RiFHERFMREHAT

AFTRII H (201836).

fEEE A A (1993-), B, BLBITA:, WNRIBF-L5 WK E AW, E-mail: 2jw930920@163.com
BEEE: ERE, Bl#EER, NEFE-EF3Y AT &Y= 5%, E-mail: wangqingheng@163.com



%54

TR AE: LR UG A A A B Y ORI PR 977

X RSG I TR % B S0 . Long & BT 1 4
PR NG T AL ERFEYLL, KEUNES &R AL
SERGHE, U A 2k 252 A e KR o0 S R A ) HE
S OES T | B e =R A L S Bl R TA T Gy U -
TR R MR T IR, DR TSR T A B
(A T IFE] . (HIE, SZAE AR IR 5T 3 BLAYER
i, A BEFER R AR U IR IR A4 R % 5 ad R
WL R 5 A T o AR BT R DI 2 8 e A
P A BEBOR TRARULEE TOLHRE RO BEE |
IR . AL RN B AR RIS
4k, BIERBDLIRE UL FIRASA0OR, ot
HRE BT 5 A\ T EF MR IEe 5%,

1 M#EFE

1.1 SEIeH

S YRR T 2016 4E 7 I REEH ) HRA
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FE: SZA500; PS: DUJAIBR; VM: BRE; B: BPIZYER; PM: BRAEGKTL; CP: rhuessife; Pf BRAEARFL - ge/hL.
Fig. 1 Cleavage and blastocyst of Sipunculus nudus

a. Mature egg excreted from nephridioduct without follicle cells and jelly coat. b. Fertilized egg, showing the initially formed
perivitelline space. c. The first cleavage. d. The secondary cleavage. e. The third cleavage. f. Blastula. g. The first cleavage, showing
cleavage furrow. h. The second cleavage (meridional cleavage). i. The third cleavage (latitudinal cleavage). j. The fourth cleavage.
k. Egg envelope in early cleavage, showing the infundibuliform pore. 1. Partial egg envelope, showing the central protrusion and
perforation in some pore of egg envelope. a-f. Optical microscope. g-1. Scanning electron microscope. FE: fertilized egg; PS: perivi-

telline space; VM: egg envelope; B: blastomere; PM: pore of egg envelope; CP: centre protrusion; Pf: perforation.
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Bl: IfL; Ga: JEE; E: BR AL Ci: 4F°E; AC: THEFE; Ne: 54 NC: L@ E; SC: ARG E; Tr: $HEE4) L.
Fig. 2 Gastrula and trochophore of Spunculus nudus
a. Blastocyst development into gastrula, showing the blastopore. b. Gastrula. c. Pre-trochophore larva, showing the eyespot and cilia.
d. Late-trochophore larva, showing the nephridioduct and apical cilia. e. Partial egg envelope, showing the short cilia that just passed
through the perforation. f. Partial egg envelope, showing the 14 cilia pierced through the perforation. g. Partial egg envelope, showing
lots of spoon cilia with the length and width being 1.7 pm and 1 um, respectively. h. Trochophore larva, which is covered with cilia
on the surface. a-d. The optical microscope. e-h. The scanning electron microscope.
BI: gastropore; Ga: gastrocoele cavity; E: eyespot; Ci: cilia; AC: apical cilia; Ne: nephridioduct; NC: normal cilia;
SC: scoop-shaped cilia; Tr: trochophore.
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HLBE AT, Al UL A BOAS R A TT 1R R
URIE AR R, T B M T0LF B2 B B T8 o (U A i gk
FE(E 3f. 3g), (HZHAARLE RS f IR
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HIG4FEH ELF B BB BMAPIRG £
Fh, L E O EBERWTERK, ARG E
540 &) H P B SR T A A TIR A B A BE AR I (1] 31)
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B, AR ELT BRAJIRET B, a—e ROLBEMEE, -1 R BT W42
Cr: ML R St B, Gl M2y, M: s A HIETZFBI6; T: R Pe: WFERAIIR H: Sk,
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Fig. 3 Pre-pelagospheric larva of Sipunculus nudus
a. Pelagospheric larva was hatching from the reverse of apical cilia. b. Pelagospheric larva with obvious nephridioduct. c. Pela-
gospheric larva, showing the apical cilia and postoral ciliary ring. d. Newly hatched pelagospheric larva. e. The head of
pre-pelagospheric larva, showing the ganglion, eyespot and mouth. f. Pelagosphesric larva that just begun to hatch have smooth egg
envelope. g. Pelagospheric larva whose half body hatched, showing the postoral ciliary ring. h. Pelagospheric larva that trunk out of
egg envelope with rough surface, showing the apical cilia and postoral ciliary ring. i. Pelagospheric larva with smooth trunk surface,
showing the anterior ciliary ring and postoral ciliary ring. j. A large amount of short cilia constituted the anterior ciliary ring. k. The
round bare region in the anterior ciliary ring. 1. Postoral ciliary ring, showing the normal cilia and scoop-shaped cilia. a-e. The optical
microscope. f-1. The scanning electron microscope.
Cr: postoral ciliary ring; St: stomach; Gl: ganglion; M: mouth; Ar: anterior ciliary ring; T: tail; Pe: pelagospheric larva;
H: head; N: neck; Tk: trunk; Rb: round bare.
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Es: &if; An: JILI); 1. HiE.
Fig. 4 Mid-pelagospheric larva of Spunculus nudus

a. Pelagospheric larva shrinked as a spherical. b. The head of mid-pelagospheric larva, showing the significantly prolonged esophagus,
the eyespot and ganglion. c. Mid-pelagospheric larva with plump stomach and the intestine spiral into a U-shaped, the anus of middle
trunk appeared. d. Mid-pelagospheric larva with the mouth. e. The head of mid-pelagospheric larva with developed postoral ciliary
ring. f. Postoral ciliary with dense cilia. g. Mid-pelagospheric larva surface exhibited hilly protrusion and a mature body wall began to
appear. h. The radial fold was formed at the junction of neck and trunk. a-c. The optical microscope. d-h. The scanning electron mi-

croscope.
Es: esophagus; An: anus; I: intestine.
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B RO A RS, DORLBHA O )G
B R; Wigks ik, gnne IR, Sk
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Rm: YWAIL; IN: W58,
Fig. 5 Late-pelagospheric larva of Sipunculus nudus
a. Late-pelagospheric larva with stomach moving up and introvert prolongation. b. The head of late-pelagospheric larva, showing the
retractor muscle. c. Body of late-pelagospheric larva was contracted and the lattice trunk surface was shown. d. Late-pelagospheric
larva with sparse anterior ciliary ring. e. The neck of late-pelagospheric larva (A large number of cilia were falling off and some areas
exposed). f. The impending metamorphosis pelagospheric larva had a large number of small mastoid on the surface of introvert. g.
Anus obviously bulged. a-b. The optical microscope. c-g. The scanning electron microscope.
Rm: retractor muscle; IN: introvert.
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MEP R, ] B2 R L B & A 4
(Kl 6e).
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4y AR ER AR S R I BOE SR (I 1Y), (IR &
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HOE SR, W ERG R DUIR AL B SRR R (TV
), Adrianov ZE!ECH TR T 1883—2008 4EHY
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B, Wewy LS Wy R AR I, B RIEEOE. 4 WEERE, REEIL. e JEWAERREE, RERE M MALTYE. f
HE LA, REENLA RIS, FERATE R E I MR, o IR SAMEERES, MBZTE A/ NRE AL, IR, SR
KRHEAELE. h BELEREE, WEREAELE, WETRIE M 5GR. i WERER, mILEEW. . WG RERE, R
KRR EA DA E. k. JLTTREBRENL E. a-e HEEMEE, -k N HEFEME.
To: FEdw; Te: fil T Ma: FL5¢; FM: [EANL; VN: BEHIIERE; NF: #Ze2f 4 LM: HUILR; RiM: BRALA Cu: fFZ.
Fig. 6 Creeping larva of Sipunculus nudus
a. Creeping larva whose intestine formed many spirals and were filled with gravel, and the end of the body formed a tail protrusion. b.
The mastoid and tentacles of creeping larva. c. The retractor muscle of creeping larva connected to the anterior of introvert, and the
nephridioduct was spherical. d. The fixing muscles of creeping larva. e. Nerve cord and a large amount of nerve fibers. f. Creeping
larva with strong muscle formed a significant grid-like texture. g. The corneum of creeping larva trunk formed some tiny folds. The
circumferential muscle bundle was thin and the longitudinal muscle bundle was thick and discontinuous. h. The surface of the intro-
vert of the creeping larvae was covered with mastoids, and the front end of the introvert formed two protrusions. i. The mastoid of
introvert. j. A small amount of cilia at the front end of the protrusion of the introvert. k. Clustered cilia around the anus. a-e. The
optical microscope. f-k. The scanning electron microscope.
To: terminal organ; Te: tentacles; Ma: mastoid; FM: fixing muscles; VN: ventral nerve cord; NF: nerve fibers;
LM: longitudinal muscle; RiM: circumferential muscle; Cu: corneum.

MR Z, S 7 A9 %h, T TRFN 1AL Gp 500 A 3 AR 4 AR BRI N I R 7, 58 KSR I 5%,
AF2 AR, SRS CHGERERFA AT O IR AR RS TR, B R T
FRRRNARETLRETIVE, SEAMFE  EaEse, e Rmig v g, 5
YRR LR — B ARG ER, JEHE  Rice™ il —3.
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cida A& IV 5, GERAATE IR . s R
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BRI ZRELL, SIS A% AL AN a8 AL S fe T
fem TR Ry, HRFETEZH k.

32 RBREHFBNSELENEARNA

AHEFE K PG E HRBR A4 R & B AL 45 B
2. BRI, IR ERGIA . #E
WAREEEN B, MMAA LARERNEIVEER
B REA R, WA A SN,

B HUDE R A AL, — By, Xk
TALATE B 5 AL OB e AR i il R e 5 & B 7 =X
KK, ATAE R ANR ) B A B0 1 p s 1 20
AT b Kk B HEE UIRIG & & 76 0PI R AT,
Wi & WG 2 B I EAT, B9 BRI SE AL v e i A
P I B — A /NI, $H 5 & AU £F T A /INELIR
i o UL, LSRG R BG4 B A
DRy IE . AT ETI TAE R B, SGHE Uk
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Microscopic and ultrastructural observations of embryonic and larval
development in Sipunculus nudus

ZHANG Jiawei', HAO Ruijuan', WANG Qingheng', YANG Chuangye', DU Xiaodong', CHEN Zhenguo®

1. Fisheries College, Guangdong Ocean University, Zhanjiang 524088, China;
2. Zhanjiang Green Bay Aquatic Science and Technology Co, Ltd. Zhanjiang 524382, China

Abstract: To explore the morphological characteristics of Sipunculus nudus, the morphological changes in the
embryos and larvae were observed using scanning electron and optical microscope. The results obtained were as
follows. (1) The embryonic and larval development of S. nudus included six stages: cleavage, blastula, gastrula,
trochophore, pelagospheric larva, and creeping larva. The cleavage, blastula, gastrula, and trochophore stages oc-
curred within the egg envelope. The egg envelope was discarded when the pelagospheric larva was out of the
membrane and did not develop into epidermis. (2) At a water temperature of 30°C—31.5°C, the oosperm began to
cleave 30 min after fertilization and the gastrula was formed after 2 h. After 4 h, it developed into trochophore.
After 24 h, the larva was out of the envelope and developed to a pelagospheric larva. After 8-9 d, the pela-
gospheric larva developed into creeping larva. (3) Sipunculus nudus exhibited a typical helical complete cleavage.
The trochophore larva could swim by rotating. The surface of the embryo body was covered with cilia, and the
front of the body had a bundle of long cilia called apical cilia. The cilia which protruded from the body through the
center of the egg envelope can be divided into two types—normal and spoon-shaped cilia. The embryo body
formed eyespot, nephridioduct, and other organs. (4) The pelagospheric larva swam rapidly and captured phyto-
plankton. The anterior ciliary ring was short, and the eyespot and ganglion were on the head. The postoral ciliary
ring was long; the cilia were also divided into two kinds (normal and scoop-shaped cilia). With development, the
muscle bundles of the body wall continued to become strong and formed the square lattice texture. The stomach
gradually moved forward to the head, intestine extended and spiraled, and anus was formed in the anterior end of
the body. (5) The creeping larva crawled on the surface of the sediment and devoured gravel. The body surface
developed a stratum corneum, and the body wall muscle became strong. Flaky protuberances were formed in the
anterior part of the body, which developed into tentacles. The introvert had regularly arranged mastoid; it was
convex to the central zone of the body, forming a spherical tail. The retractor muscle, ventral nerve cord, fixing
muscles organ, and other tissues were obvious. The study provides morphological details of embryonic and larval
development in S. nudus. Furthermore, it provides a theoretical reference for the procreation regulation and artifi-
cial breeding of S. nudus.
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