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Island, an onsite investigation was conducted in the tidal flat in Zhaoshu Island in Summer 2018. The
environmental adaptability of Sphonosoma in tidal flat were analyzed based on the sediment characteristic
and light microscopic observation of tissue biopsies. Three sampling section were selected in the tidal flat to
collect and identify the macrobenthos qualitatively and quantitatively, and the sand grain size composition in
gut and slices of gut were determined. The results indicated that, There are three species of Sphonosoma, and
they are S rotumanum, S. cumanense and S funafuti, the species composition was about 4 © 2 © 1. The three
species lived in the same environment and  disturbed the same level of 10 = 15 cm. The gut of Sphonosoma
was filled with sand, and the small organic particles, diatoms, copepods and plant fibers were found in gut.
The large particles in down-gut were more than that in the upward-gut, and the small paticles in down-gut was
less than that in the upward-gut. The result indicated that the gut of Sphonosoma has grain refinement effects
to sediment particles. The cuticle of introvert retractor muscle and body wall were 59.08 um and 231.92 um,
respectively. The introvert retractor muscle consisted of 9 000 - 9 500 muscle fibers, and there were some
mastoid in the skin. The thicker cuticle and strong introvert retractor muscle were two adaptions of Sphonosoma
to the coral reef sediment environment. The numbers of folds and muscle fibers in down-gut were less than
that in the upward-gut. This may be correlated to the low content of organic matter in the coral reef sand.
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ViRt 7 I ERRIR . IR YRR A B )
X ) A XA RO A o PR FH AN A LA
M (Kristensen 2001, Volkenborn et al. 2007),
JU LI Y TR AT 2400 1 7 T ) 2% 235 46 W] AR g
WIMEDTRR AL AN S AL AE - (Pelegri et al.
1994) AR HE N 77 AT LK /U i Zh ) 73
FATRiEE . FATIRISE . A I YK
& CPMNIAE 2013), FIRECR P T AT )iz
H (MERFMZER WNREVREDMIR T
TR EE I BON I, BA I IR
(Kristensen 2001, Lietal. 2019),

R (Sipuncula) J& THETSHHE
), EEAFE TR B4 (Phascolosomatidea)
Ik R B4 (Sipunculidea), AHFIAFE
BFECEL) 230 M FEFE AL 40 B A

HENVNE T o A SHE, B4l e B B
BUE AN BTS2 B0 B AE By AT Hhiy
RIS RD B b (4% 2007). A
BRI A R AT N, HigaR
JZUURR R E TR, FRAETR 7N SR,
SCHL TRERZ DR IR Z e (RS
2015a, Lietal. 2015), —f\ N E B EXFRE
DR EA R FERAEER, EASR
GUI A ERAL R P R E EEEH (Shields
etal. 2009, Lietal. 2019). FRETEDHESHIK
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KEWORAGHYD, DAETEYD Bl - B A
HYIPA R, ) E R )& (Aspidosiphon).
kB d)® (Sphonosoma) . EEEE &
(Phascolosoma) %, HH, FERERENR (S
cumanense) A% B E AR B (S rotumanum)
72 Ay AR AE PO BE B RS N R, R
10 em Zif (BFERESE 1992), FE NFKE™
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HERAM AR DR G ZEVEA 1A, DL IR
BN A I R A ) AR SR B R B2
W7,

AT FUE I B R AR T 2, xR
Syl it 2 RSN AR R R B SR Bl
Yt AT b, R UM RS AL &
Ao GE AR B E B IE A KD
RIARAL A S B ARSI, W25 3 A B 2R
VIAE I SRR M N R AR S AR R, R R R v A
PRt I E AN R SR SR IR

1 MRSk

1.1 FFFHLR

KFE AL T AR (112°16'19"E ,
16°58'30"N), J& T [E Pavb B B i -Gikls, 1Y
JEEMESS AL 8 TR S g MR S, Ho,
PG A v 2 LR AR S M, AR R ) DA
WEdER N, BRI MR 2 DB,
JEJZ M o TR A DX I TR B T LY
RORRIE i, GBS R AL 1000 m®, J&
J5R A I B R A S T R PRI, M R T T
BHA WD UTRI X 5
1.2 FaRESNE

TERIMEBEST 3 N EURE S EAT e B A E R
BE, BRI R4 8 CL. C2 A C3, HUREuG %
AT T RN, Sy BIAHEEZ) 20 m; BN
RMEWE3IAN05 m x 0.5 mFETHITERS
B, o, FEREASBORESE % R — A AT
SENE T FEIURE 7 P IR RN A K 2 AR
W, REERN 20 cm, St AR AE DL
T[]ty B e R B AN H A Bl R AR Bh P R
LRSI QRFERINELYE) (GB17378-
2007) A CHEVEHE G A AE)
(GB12763.6-2007) AT . AW A P
B VR ] 5 , iy B S8 35 AT Wb 5 5 AN AT

TERRMEE T A REEDTRRARE fh, I K
EAIEE AT (SX 630, Sanxin Instrument
Corporation, i) Wl & Ji& 5 [A) Bt 7K o ) AL
W JFE AR . RN EEAL 3 N A TR )

FE TR G IR UR IR AT, IR IZ B SE 50 % T 65 °C
o SR 550 TR E TR A Bl
J i, { TR /3 W4 (PE-24 CHN analyzer,
Heraecus, Banau, Germany) Jll5EJTF4) A
S (total nitrogen). LM% (total carbon) Fl
M (total sulfur) &#E. KHFEMIE (20 H.
80 H) 7 HImIk IR HIRLAR, FFARE LA
KBIAEH R REE 3 ANKEEFTIKIR . VA4
#hIZ . pH KA E FRELIINE , HoK IR
e WAHRRER. =AE. TR, ERRERRA K
WIENE GERTZ 20060,

EWE RN AEMHRZDS CREBK. —H
HIFEW . AR, A TRR R
AR PER IR E . R BB (ZEISS
Axio Scope. Al ) HATMEALKEE, o
B B SR A ARG K, TR L AR TR A
KRR B AT AN EAT i N D BORLAS 4
Wk (2 mm < FfE <4 mm). FHP
(0.25mm < Fiff <2mm). AP (0.12 <
Fife <0.25 mm) FARARD CRifE <0.12 mm)
BEAT AL
13 B

KA SPSS 17.0 Al EXCEL #H47¥dE 45 it
Morbr. ERE R TAT AN EAT I A 4rvb oy
EE A5 ) A BEAT B Fe e J5 . R AT One-way
ANOVA #AT 5 Z 0 Hr, REENP<0.05,

2 R

2.1 WM EALARRAE

HEKIRE N 29.50 ~ 3030 C, #HEN
33.50 ~ 33.80, pH A 7.43 ~7.98, /KIKHEMA
N 6.12 ~ 6.26 mg/L. 7KAKiYER £ A Bk
6 ng/L, AAESEN 59 ng/L, EHEHEEN
1 ug/L, HRIEFEN3 pgl, BEHIASTE
N 13 ug/L. VIR EESERN 0.009 7% ~
0.011 0%, MEREEN 11.68% ~ 11.74%, L
N 0397 6% ~ 0.532 0%, A AL IS JF AL
N 96 ~129 mV, HHLR E &N 3.87% ~ 3.93%.
3 NIRRT TR A AT (3R 1)
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Table 1 Environmental parameters of the sediment in the coral reef flat

. B R B
SamDT total nitrogen total carbon total sulfur
ples (%) (%) %)

FHRJRBAME  ANS R
oxidation reduction
potential (mV)

V0 i LB Grain size (%)

Organic

= . < <
content (%) £s 0.18 mm £

0.85mm gs<0.85mm 0.18 mm

C1 0.0110£0.0022 11.71+£0.007 0.5320+0.076 4

C2 0.0099+0.0001 11.74+0.013  0.397 6+£0.054 1

C3 0.009 7+0.0001 11.68+0.078 0.406 9+0.070 2

129+ 16 3.87+0.17 34.40 54.96 9.68
105+ 15 3.93+0.17 32.29 55.95 9.71
96 +9 3.88+0.01 37.14 54.26 8.13

gs NFifE. gs means grain size.

22 BHCERYIMAR

KRR IL I 3 PR B, )8 T 7%
EHEL (Sipunculidae) ERE HE, 75 R8%
SERER ERERERNE RERER(S
funafuti>. v, Z'EE AR A SRR,
DA 3 MM R IZ B R Ll 4 0 2 0 1K
la), RRKIAFEREER., KHETIKER
(Spunculus nudus) “5E#FH . 3 FhE KRR B
WA S S O E B B S BT I,
TERAZ R 2238 B AR 2%, SR T
B A 7R LR A K AR X (B 1b),
IR XS AR R HL AL (B 65 mV . B
B EYIE N 9.55 g/m’, fE 2 A 5.2 ind/m’.
OB LS AR A, R S AR
IRE N 3.5 g 5L 8.5 g v, RIS HEER
75 ~ 110 pm [IGPAAE, B EERLE, RS

5cm

BONIE); MEED B R R R E 4.1 g i, A
HEAE 50 ~ 100 pm [FIUNAHAL, OFANAS AN 5T
TE & B8 VR B HRE AR Js i h oK R IR B 4

TR R B B IAEE T, HAEE R
Wish) £ E g TR shWi], AW E el ik
6.70 ind/m*, EWIEAIE 6.69 g/m’, EEYIF
WA A& (Glycera alba). 751 &
(Notomastus latericeus) 1 JE i & ( Dasybranchus
caducus), 1, HEVIVERNAEYER R,
HAEY Ak 5.0 ind/m’.
2.3 ERE B A YRR

TR RE MR RFRIR, RENE G,
PREBER R, ANIER; Wi w5 i
AU, ARFARE, WA 2 A TRIEA, MR
A AR, KuH YRR HRFLAE R B
2o PWURHE, BN 16~ 18, 1ERHKH

1 ERRHRENTHRER

Fig. 1 Siphonosomain Zhaoshu Island

a. RS, b PIBTRRE A S, a. Sphonosoma; b. Sphonosoma in sediment.
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YR E, EoRe, HUAKIE; )
i1 D P R | R N T R VPN VR
=Xt BERISIE XK ERIEE R, g
WAL AR S BE 2 %, AMHKERTA
s B LS HRt LA T R SR i BE
EIERRRE A

B R R R R B EAR, RO ek
BRIt PRBERR, ANIEW]; (RRIE AR AR,
HEMELAT A FLREOR, AP LR 2 Y RS
(22> PR 20 2%, TIRDH, LRLEI
Ry AWUZBERANAR; WILEE, 5 ik

B2 PR EAEREESRME

Fig.2 Morphological characteristics of

Siphonosoma cumanense

a. FEE BRSNS b, B E R A AL

a. External shape of Sphonosoma cumanense; b. Anatomical features
of Sphonosoma cumanense.

DG F47H: EX. HEiltfl; IRM. Y¥lil; NE. 'B%&; RH. W;
UG L4715

DG. Down-gut; EX. Excretory; IRM. Introvert retractor muscle;
NE. Nephridia; RH. Rhynchodaenm; UG. Upward-gut

TR 172 &b, BRI T [ — 7K
TG IR, gl S B 2 %,
TR, KEATA 2 cm (8 2b); MREEER TG
Ui 5 P L o

B dAR R AR, B,
FEE W) EEE AR R g 3 BA AL, BOR, B
&, WS PR 17 % WAL 2 X,
WA, FHAER K. TREER, g
HENUIE R s BB 1 % 2 MBS, B
N, Mt B AL T HEME LR T s AR R
JE = A
2.4 ERERFIEANEYIRER

3 PER R R i NI TR, A
VISR R INRIBUEE . ZETHE . BT SRR e,
PAIIG RS (KR 200 ~ 700 um) FlIAE 2
25 (KJER 300 pm), U2 M2 /N AR
KR CRife/NT 10 pm) o BEANRETT Y RAE S
MIUTRRIREAS T & 3 & A g A gl (O
fl AR KR SLERHHE, R 16S tDNA il &
DR HEARIRAT ) o BRIV B A 0 7 v P 27 ke
NEOEAIAEY) . BN LT NS T A
P EERLRIE, A ANV R
A0 24 (96.10%) .

AT 6 ZERE R CRE M) Mg W
BNk, Tl (Rl 1 B4R O i)
NAEVIRRAR A X N7 NP kLA
KT FMET 0.25 mm B0 70 85 Ee R
77.65%, m T LATIA) 62.67%; TATR N kifE
/NF0.25 mm RS AR RS EL A 22.34%, I
T AT 37.33%. FNATHPWRLENT 0.12
mm [FIRANRS R RS I LB 7.65%, KT L
1T 13.39% 75 AT KA A HifE S mm x
3 mm £ 7 mm x 4 mm PR, 1 EATIG
WRWERRIAE N2 mm x | mm £ 4 mm X 3
mm, FfHRAHIE 2 mm (H/NF 4 mm BPERTE
TN BE T R AT A B EeE] (R 2D,
2.5 FERERERPREHAHERE R

T AR R B UG R R ) T AR R
Iheg, XHKEN 8.5 g HIE SRR R T W
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%, SERE R TY B ARE. &
By B NAE CGRULRANLD Hik, F2
Xl 72 T Wy &6 R RIS, PR E A
59.08 um, HYIEBAHLREER 21.41%, 14K
T A2 P RN 231.92 um,  (FAREEA

TERCTE B AR, WIS ANLA 73 SOULR, T R T
AL AL 7 B R, PRI K B
1 626.75 pm, ~F¥JJF %4 561.28 ym (3a, b).
VI RER ZAREEN, AUIEETE
150 um, Tiium A 400K, Rign] L&,

ZULTLI 14.60%. VI AIE TSR ILER  FLR P EAT 2 GRS SO i Jis A, s A1 2

K2 BRERBENEAYDFREHER

Table 2 The grain composition of sand in the gut of Siphonosoma

STREE ¥bJ7i EiAgil The grain composition (%)

Sampling location

2 mm <gs<4mm 0.25mm < gs<2mm 0.12 < gs<0.25mm g5 <0.12 mm

47 Down-gut 2597 +2.03°

47 1% Upward-gut

51.68 +3.81 14.69 +2.12° 7.65 +1.33"

16.82 £ 1.89* 45.84 + 4.06 23.92+2.57° 13.39 + 1.65°

B a fl b FoR AT EAT I ARV RAR LU 2 [ I 2 R B (P<0.05). gs ARifE.

Different lowercase superscripts (a and b) in the same column indicate significant difference of grain size between the down-gut and
upward-gut (P < 0.05). gs means grain size.

A -
bSR3
TN .
. o cc e Y
CM;. ]i &
/ o 7 a1
LM
150 pm - 1500 pm A
800 ym 2

B3 ESEEERKHRY AR
Fig. 3 Light microscopic observation of tissue biopsies

a. WIEEREY] (X 100); b, JRTAREERGY] (x 12.5); c. MIFBFLRMAY] (x200); d. WWIlLEE) (x25).

a. Transverse section of rhynchodaenm (x 100); b. Transverse section of body wall (x 12.5); c. Longitudinal section of mastoid (x 200);

d. Transverse section of introvert retractor muscle (x 25).
CC. flii)Z: CM. MUZ: LM. HLZ: MA. AR XM. £FE45H
CC. Cuticular; CM. Circular muscle; LM. Longitudinal muscle; MA. Mastoid; XM. Cilia
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" \ %9 * e’ : ‘:' - ‘1. .?“i'qﬁ}*’,lh*g:‘.*@' }Q by » ;1' 6' .f:
- e 2 . R 4 vii g o T -,
JRRRPEEIN O . s s 1 . % b -MU/ ™
PR it SRR PRSI ¥ £7 "
N .‘W 4 e e iy~ PN T ‘ ?’w” ’:" 2
MU* cCI ¢c o % ; e e e
100 pm ; o 100 pm SE b yﬁ N g

B4 FEREEERKECAREHILERRE

Fig. 4 Light microscopic observation of digestive tissues

a. FATIAREY) (x200); b, EATHREY) (x200); c. EIFMY] (x 1000,

a. Transverse section of down-gut (x 200); b. Transverse section of upward-gut (x 200); c. Transverse section of rectum (x 100).

CC. HRAMM: CL £F%&; CM. ¥UZ; MU. #EE; SE. KE; S

M. FHE T2

CC. Columnar cell; CI. Cilium; CM. Circular muscle; MU. Mucosa; SE. Serosa; SM. Submucosa

EAA£4 50.01 pm, IEfR@ S g4 HAR 5HNZE
MER:, ARG RMBEMAR, NETE
Rty (Bl 3c). PFHARKIHBIRGE, 18
FA R Z R [ B e At ARG
R R AR R LR IS, B
2142 ~3 mm, 19 000 ~ 9 500 AMLEF4ELH Fk
LEF 4 PRI AN 213.53 um®, B4R N
15.72 pm (& 3d).

TATBA FAT A R . T R
WAL, & BREEMIE. FEZEEEL N
26.91 pm, [FEHNTCHRFIREGRISEE, BT
EARIR b R GH MR A S s, AR 2 RS
H%%E, EEANERMAEE, HERLHR
12.68 um. FifiEFETEEHLAHAL L, &
FEZ)H 53.85 pm, FEFUBCNIELT, ORI ARAS
A, B4, SRR ZE 2 [am)
DB YE, RERHEANAE. T
AT B EE X RILET AT s N 0 B B A
%, T EATIAA B RARG: NTIARIEL LT
YErR /D, T EAT W 2 AL R L B R I LA 4
(] 42, b. EWBEY K, FEZHAH
TR, MR AR ZH
VAT E N 304.07 pm, FBKELN
29.72 um. 5 AT, EAERZ 1 LB

BEAR, BT 25 N2 2 8] R LA 4 50 = B
I FEN B A KR RIECIR A 4 ) W s
M ZEfH (& 4¢),
3 iR

B P R B R B Bt 4 B, 2R T S
ERER, BREARER EDEAE R
WERE R (S australe) (JEIZLEE 2007), ¥
BT R UFPE R . ARFR ORI, R
DU 0 B R ) E AR B kA
B, ERERERAERERER, L, B
SRR R B R R A EROR. 3
P A B e e BLE A R A R X 8, A 22 IR
WIERZR AT 10 ~ 15 ecm. fEEARSE UG B
WEEH, B CRIRM s £ B (VY .
T b R A, o g ey a S E RS .
g6 UL BT CRIREEE, TR R R B
FE XA S M TTAR A AR B AR A AT
. 3 FEAE RHEEE R,
TR Tk W v R RS 4 56 AR B R, T
WA, HEW 3 PR B dURT REAFAE — e FE
FERITERLSE S o 2EW) 55 5 1A [R] I A7 F FoAth 77
T I AR EL P R, ASHIE 5 S SO R A ol e A 455 2
R IORE R I AR AT, AT 40 INTRLA 1
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DU, AR TERE R E, 2NERY
Pl AE DBl A R T 72 AR [R5 A ] B
BB E 2 (b R R B, SRIZ e
H R IILLE 4170 B B U ) DX S8A 5 R I A A
B,
KBRS A 3h P 3= 3 sl B B R )2
DURRAD, 38 B HEHE S I R R R
KA BN (R AP 8 2 38 7K e 5 1T )
B R, A VU B fERR A, XS
KR RAEIR . GRS B RS EIR
BEER (PMAISE 2013). B HUEREIMER A
BIEEAFE T #25 (Wolfrath 1992). £ EH
(Palmer 2010, Musale et al. 2011, YL/ BEZE
2012), H EFA B DRI R 2 BRI
MIAER AL B3 (R H %5 20152, Li et al.
2015), [F] A B2 B oA 3 g o PR B A 5 M i
SRR A TE PN B T JE B SR YR VR AR
(Li et al. 2019). gl 7E A& RS BE 2V 9%
T R, WU, X RSEE LR S
ARG B A EEE L Bk PES 2007),
B HRFELEMRES RATHASIER S
W ERE AR S R G R I AESER AT, =
I FEX AET SYRIT . Wil DU AR
() A E AR A, R F A LA R
WAEYIEE (Hoeffner et al. 2018), TMEHZKTE
AN Wb FH W8 i) b R BRI P ) R A7)
i, VASRERR Z TR e . AL BA &
M. WS EERERR ARG,
TRV, HHRHEXFRENR G
L5 2013, HiFEdRss 2016). ELEIAE RN
ZWTT LAR B O IR RS . ERAE R
PIRBIEOR, PRBNFE AR, L TE I I o
MAESIER o EE, SRR R BIEEE
10 ~ 15 em, ERT7 UK BUBR A T,
T ERR T A% R RS IR BN 30 ~ 50 cm,
R, RIZIRZEZM 50 em (%
2018), X FE ML A AE YRR k. B
A B I A o 2 SR FE T IA 59 wm, SRS
AU 14, B K TR #% A T A

FZERE (B HE 2009). &R B E 1K)
I T A A 22 APHLRE RO R, A B LI
3OS 75 50 7 I B A0 AR JE 5 AN B e Al
GRTEAL TBUE M MAIE, X HARR G Xt
I T REEREL A TR T D3

R R JO T I AR DR B g A
o B aRahY R aeBuE & H D02 K/ N
BN, A FE A AT B P AL L
INF AT, Ty teslE T R, R
PR R LS R, SHEA IR
BREEYMLIER (B 1F13). EREHYEHZ
AR, LRSS, R AREE
KIGIE RIS R DA SRR 2 (R
& 2005, A 2009, X HEE 2009).
B R R B BERREE, HKERTL
IRBIRKI 2.5 ~3.0 £, FULTE N B BNIT
e, BRI (R B R B S B T A AR
o DMERFFERERET, SE#RI7H% B deHR i
WRLELAH/N, /N T IEAGE R RV RL (2R A
% 2015b). ERE R IE BIFE TR,
HH AT A EAT AL 4/, FRAEFN S
W (E 4, Sz fiEshae /. @ik
AR IR s VI T R 8 A WA 4 &V F SEE R
JTE ] HEME . DAAERIE L R R BB
VITEFE B B L W 4 T P P Bl A SR
FRHIHEL (B RA% 2015b). B R di2 Xk
W MEDTAR A R B R A TR IR B4,
HAEVRYI N R, Hit, 58, B8shExt
FIMEUTRR Y BRA Z5 40« AR A 4E R RN At
MRS, B RIS A F R A
M5 5 B — D A

Z F X W
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