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Equilibrium Sensory Organ Structuresin Coelenterate
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Abstract: This paper provides an overview of the equilibrium sensory organ structures in Coelenterate.
Statocyst lacks cilia at the end of the holdfast in fairy palm Corymorpha palma. Open and closed statocysts lie
on the bell margin of Leptomedusae. The statocysts of Narcomedusae lie on the exumbrellar surface just
above the exumbrellar nerve ring, with a sensory club (Aegina) and a sensory papilla carrying a sensory club
(Solmissus). The statocysts of Trachymedusae lie around the margin above the exumbrellar nerve ring.
Rhopalia locate on the edge of the umbrella in Scyphozoa and slightly above umbrella edge in Cubomedusae.
Statocysts or apical organs of Ctenophores locate at the aboral end of the bodies. This article has great
significance for understanding the structures and functions of equilibrium sensory organs of aquatic
invertebrates, and it might also be a useful supplement to the current zoological textbooks.

Key words: Coelenterate; Equilibrium sensory organ; Structure; Research progress

ZEWMH HEREAREEESTIHE (No. 31872426), | R ZUAFE THIH (No. 220386), HpR R HA i # TRE (No.
z1ge19027);

* JEIER, E-mail: cyfz@scau.edu.cn;

B—EENR BFln, L, B AT BEMESIAEYS: E-mail: hyli@scau.edu.cn.

WA E : 2021-06-17, &[5 H I 2021-10-06  DOL: 10.13859/).¢jz.202106018



+ 950+ =24 Chinese Journal of Zoology 56 4%

N EIAENBEATE NI “RIA”, A
BRI SRR, REFBUENEEES . i
ok, AT EHATEMNEHEMwE S
L (=55 2018, 2019a, b, Fif =
2021). WA B EETHEMESIMIN BN AT,
PR A B A A AR AR U SE
2013, FEH 2015, RIS 2017, FR/EESE
2019, VFEAESE 2020) BUH — A AEAE &
4 (REREE 2009). PHIEGE A E & —Fh L
R F] 377 WA ERRRE AT, ARSI
()Tl St 2% B A E KD R SRR 2
SR S iiE . AiETT AR
BR, MEIMELAKFRABAK HIEEAL
MERALL, BSHEEMB CPa: H
BRI AL B BT 2 ) SRt (AR
av B, BRI E R, Hr,
IR G582 B A AL B NG, Red S
BARRIMAE RS, RS, XPMhEity
HERE T2 ARINERIE, EKELE
MESHY) B IR, PRONIX LEE Y RE AN 2 AL
B R B (Budelmann 1988). &g sh ¥
(Coelenterate) TEVEALHLAL b LLBURFR, HAK
WA PR VUSRS ZNER AT\ FR 5T
XIRRA T, ENIKAEAE . AU
BNV e 28 B R BT R R S
DAL 33— 20 B i S Ath 7K AR TG A B0 (1) T 1 Jek
s B, RN AT RE RN 7R IRAT BN A BOM AR oK
ETYNT

WL 4 & R4 (Cnidaria) A1
Fi7K Bt (Ctenophore) P/ NBI¥I1]. (HiL A
PRI T BAEHE S U RTK BB IR AE
JaEBhY, BSRIENY) NI & (Wallberg et
al. 2004, Ryanetal. 2013, Whelan et al. 2015,
2017, Laumer et al. 2018, Lietal. 2021). &%
RIS R S Lo R VI A A A Tk —
WAESE . R RIS K BEE S H E AR Z A
4L, WELAEAMANRE. AIREHL
ARG Js 0 LR B T B 2H 2R 404k R 2H KT (1) 22 4
NIz e R sh e b Bom A G T oK,

REYEETEK A
1 Wz T

IR B R LA A A5 42, FoP g
FERAETKERMA, DA GENTFiEA
F, WEELTE
11 TGHERFEHRE

EARAFEAE (Corymorpha palma) & —Fif
AR TE PRV VR b K e B B 3h 4,
K RS AAR E A B ) ) S 2 P ) 22 R [
A, P REATAE T 22 R B35 S R I
EH I A, Campbell (1972) A H:
B A BANMAIE, P A B RERE

BRATME IR 224K [ 36 2 A i FH — 2 N IR
JEARM. — 2 R E A — 2 A A
YR, BRI BNV 3 19 R o P VRS2 4
JfL 2 TR s SR 3K TR 4 2R i 24 4D Jof e,
CEE 1) o A ity 200 B PRI AZ RN R0 43 4 B s s 1-F
MR, T R — 2 A R
WA, HPERSPIRE SR, Rt or
FO R SE MRS, BRCIR B A HU,
DABAAT 5N T

Campbell (1972) kK, FEAIRPIZUELE B
WP FERIA N2 CIARERD RGMfE 1T A

SNIER A2
\ |
EUREEEEEN
[

[

[TTTITIIT
WIRZ ) FHEa

B 1 R HEhYER TS LR [ 5 28 R o VT 38
GZHRE (FET Campbel 1972 B A 2E)
Fig. 1 Diagram showing a statocyst in a filamentous
holdfast end of Cnidaria polyp Corymorpha palma
(drawing based on photos of Campbell 1972)

AMEJZE. Ectoderm; A Ew4HMI. Terminal cells; PYJIE)Z. Endoderm;
PR JZE. Mesoglea; T4, Statolith
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AR HEMEI 21, HEE SRR A a4
J o T AIRST A S A s Y T 1 2R g i SR A
T, P PR EEAN S 1 J7 1 48 40 M 1) S
B T 200N 8 3 B0 R AR TR T B 1) ) LAOK Y
W, BUFEE B EHMPEAEESER. e
R RGNS Z e 5= 4 EBH K, 4Bl
"W A A I A L TS R I T R 2 A
12 HEERTHERE

121 %K (Leptomedusae) HIFHHE
IK B Je o Th B2k, 20 H 8 B E/KEE
( Tiaropsis) ]3] 300 UL E[Z & K&
(Aequorea) |, NZME LSRG . TEME
IKEEAN 22 T #E K £F (Mitrocomella) Hilz i /& T
T, AT SR (B 2a). TAERS HLK
(Halistaura). #/K&E (Phialidium) 1%
IKEEHR SR, ShEAEPATERE (B 2b).
PR NEAR K, 25 ARARAL: AN
B RE L, Wyt a s B, i
WA E M. PR SR AR, NE
P A P AT A, — RO E AR
BRI B 45, R A S8l rb E A7 TE Tl R
(Singla 1975),

=
W_EBE

122 /K (Narcomedusae) [ FHTEE =
IKBEH PR REAL T AR T, IE U FE A
WRT (B3, [HFEKEE (Aegina) 754X fil
Flaf 4 ~ 8 MPH%E, Rufk A 2N AL
AIREIAS 30 LA E. MERH/KEE (Solmissus) 4 8
AT, AP 2 g
RIS, B E A B, FE R
HEL—AN B RS M, 7 (7] FE K BEFR A K
WA (B 3a), TEREPH/KBIRR A A L5
MRS () 3b), AT BRI F- 2E7E FE
L T S TP e Y S S IV S NN & Sl 2]
HIXH (E 3.

BOKBRPET RN RSB, THEFET
L4054 200t b A B R SE 247, BRI
AT F AN . FEEKREF, FE KRG
LR BB LT B XA S . KBRS 2T BN
EKBHBRARLT BIA /MR, (HE ARG
AR EHKE RIF/ME, FEBAFHM
“9+2” 45K (Singla 1975).
1.2.3 /KB (Trachymedusae) I F45EE  fifi
IKEHEIRFAT IS 2275 (Aglantha digitale) FiAE
8 MNEEIRFHTIER 3 BB Z M, &4

=]
Hhp R

B LR

PO b

K2 BOKEHFEERAVIESHRAE (FF Singla1975)
Fig.2 Diagramsshowing radial sections of L eptomedusae (after Singla 1975)

a. JFCHF%E; b, B3, a. The open type statocyst; b. The closed type statocyst.

VERW R EIRGEE. ARG R . Note inner epithelium towards the velum, lithocyte and sensory epithelium.

34, Circular canal; <. Subumbrella; 2. Velum; JIKJZ. Mesoglea; P L J%. Inner epithelium; #M<1H. Exumbrellar surface; #h<xfi

223K, Exumbrellar nerve ring; WAE#IZE¥F. Subumbrellar nerve ring; /E&3E 57, Sensory epithelium; “F#if. Statolith; WILJZEHIZE .

Endodermal nervous mass
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SRR B R A i T 3 2 TR Rl A& R NPl . B PR bR
LIRS (& 4a). B FHEEEAH— HREE 4F B4 i, A b LA 40 B
AN AR 5 AR T AR o - 187 3 1 328 Uity 1578 (Singla 1983) (& 4b, ¢).

SRR RS T3S
SR R
R SR ZTR
PR 2
BT
BRETL%E
o AR
FHE Gl
B E

B3 SEXKENPEEARRTIESEHRAE (4 Singlal1975)
Fig. 3 Diagrams showing theradial sections of the statocysts of Narcomedusae (after Singla 1975)
a. DUFRZEKEENPATEE; b, S IRIERH/K BRI P45 . a. The statocyst of Aegina citrea; b. The statocyst of Solmissus marshalli.
W A=4ZE 3R, Subumbrellar nerve ring; #1234, Exumbrellar nerve ring; F£/iE#. Basal cushion; W IEJZ#1£:[#]. Endodermal nervous mass;

4T, Sensory cilium; /&ML Sensory club; P 4. Statolith; /& 3iF.%. Sensory papilla

B4 BAEEAKRIPRITE 2B FERNCER SRR (ff Singla1983)
Fig. 4 Diagramsshowing the position and structure of statocystsin adult Trachymedusae (after Singla 1983)

a. “PETRALTIRIAZ: b, FERAMVIE: o PHEYMVIE.
a. Location of statocysts on the umbrellar margin; b. Radial section of a statocyst; c. Tangential section of a statocyst.

AEBANR. Gonad; $8/K%. Radial canal; 3. Manubrium; 2%, Velum; “F#%E. Statocyst; filtF. Tentacle; ¥£7K%. Ring canal; P #HZEFR. Inner
nerve ring; #M#Z2¥E. Outer nerve ring; & L4 Epitheliomuscular cell; 4. Sensory cell; /E 54T . Sensory cilium; “F-#747. Statolith
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3 RALF BRGS0, FERE (bt
AT A WARBIIL BIEGEHHLA T
BEMATBREHNE (B 5. FERBH—HE
BB BRI S R AT —

B 5 MEAEREMREHTE
(B4 8 Singla 1983)
Fig.5 Schematic diagram showing structures of two
types of cilia sensory cells (redrawing after Singla 1983)
a. HWABMLT BRI b, TMATRL BRI,

a. Ciliary sensory cell with microvilli; b. Ciliary sensory cell without

microvilli.

47 E. Kinocilium; flZ%E. Microvilli; 5. Axon

MY E R R BT B A
(kinocilium) . -5 3% J&C 41 i 5 B i i 5 3k N
FHZEIR (Singla 1983, Holtmann et al. 2001).
124 4k/KB (Scyphozoa) HIEBEAR #K
BRI E s A KB (Aurdlia aurita) <%
H 8 MGk (rhopalia) (& 6a) (Chapman
2011) 0 FENMEGARA — SHRFR I ERE T F (3L
ATAE AL AZ 28, 1 AMRIBAIIIR &, AN
PRI HEAT AR YT, BRAS RN 7N R, I
A G HHKERES (B 6b). FHrZEfE
FREL (B 60): Ushhh TK-FALER, P
A R A BSR4 TSR, S
A S B EE S, RS EERE, FR S
TAHPAHI R VLA R 25T, XLLLA
WA TS sk SRR AL B BT A) (Pechenik
2015, ZF %% 2019a),

1.25 3LJ57KB (Cubomedusae) KRR
775 /KB A AT i S5 B B Eh P,
i 50 Bl ARgAR . KBRS, KIS RIAE
FNAL T K BER AN S8 2 BOR . K BRAR L
fE AR 25 cm, ZEFP2RZ) 2 ~ 3 cm, Y]
7%, BHFEKE. &7 RAINMASE

R
RiriE
MR A

BB BPHZTE

B6 WHAKBEREREE. THEERBUAEHRE
Fig. 6 Diagrams showing the moon jelly of Aurelia aurita and amplified structure of itsrhopalium and statocyst

a 5| HF =% 20192, b~ d HRHE Pechenik 2015 I(%: . a cited from Li et al. 2019a, b - d redrawing according to Pechenik 2015.

a. WEHKEER 8 MEGERE; b, 1 MR o P EEAE R

a. Aurelia aurita shows 8 rhopalia; b. Detail of one rhopalium; c. The principle of statocyst operation.

PRI #1122 98, Neurite to muscle; /B3 4FE. Sensory cilium; “F#4. Statolith
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12680 1 AT, kT2 R 19
R ARG, FRHORIA (pedalia) (] 7a).
4 ANIRGERRAT TR RS- 25 A E 7 I
We BERAEMENE R, HEA 6 MR, 6
AR, AL 2 ANRA SRS, 55
MHESH VIR IS5 40 o 28080, BTN, T 7
PR T 4 MIREN By 2 %, b7
11X AN, FORTTIR (piteye), T
1 X2 AR, FRONREEIR Csliteye). AR
NN SE (B Tb, o, FERENA T A,
FEREG LT BRI (Kozmik et al. 2008,
O’Connor et al. 2009, Liegertova et al. 2015).
) L 2 A () SV 1 B R AR T K BE A
o RADERE KA 5%, nEHK
(Narcomedusan) H#Ey0iE (Halammohydra)
FHHE (Otohydra) H7KBEAA , BEJE H (Hydroida)
KRB 7% . Salvini-Plawen (1966)

a

it K EE (Sphonohydra adriatica) f4= 4
IRFESE R, PTRENT-H % ; Swedmark 55 (1966)
W7t it Bk 287K £ (Euphysa aurata) 210025
o ERXFFIH, wREMPATEEAL T 54T 0E
AR, BT b4t F 77, A IS4
B IR REDTEUE B BTE b LR DG [ 25 e
J& (Branchiocerianthus) ][l &% A b # 4F
VR, ARZHCFERA RS E, BHT
X 43 # JE 3 H (Calyptoblastea) F1#f L H
(Gymnoblastea). A HACEM KB4, |
B VHTE, JE B % (Horridge 1969,
Campbell 1972). PIEMEJE THRTH, HE
LA BRI ERE, BRIk,

2 FIKBH T E

Fi7K BE CLEA #H FI 41 i 25 5 7R B sh 4
FHAZ YA X 5] (Pang et al. 2008)

THAEE

W

INHR i

B 7 SAKEREBRER. FEERBBREHRE
Fig. 7 Diagrams showing the structire of cubomedusan and amplified structure of itsrhopalium and statocyst

a il ¢ #ii#fs Pechenik 2015 (%%, b % H Liegertova et al. 2015,

a and c redrawing according to Pechenik 2015, b redrawing from Liegertova et al. 2015.

a. SITKERSMIL b 1 ANBOREESERE: o BROIRAT 7R

a. Extrinsic feature of Carybdea sp.; b. One rhopalium enlarged; c. The structure of the rhopalium.
1. Stalks /AR ABAA. Lens of ocellus; HUR. Piteye; Z44%HR. Slit eye; KA. Large lens; EULF4E. Sensory fibers; P 1. Statolith; ¥
H7TE. Statocyst; [#EE. Cilium; JHLIEHE . Gastrovascular canal; 1M ES20 g 1) % B (.25, Light-sensitive pigment of retinal cells
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2.1 MIBEFiKEE (Pleurobrachia) 473

A i 15 7K BE s 1 T T0 35 R e Ay — T A
(apical organ), RI-PH%E, A BRERES A
T, T A AL TR B RR N T A e
(balancers) B (springs) H 4 F&ERELEG
e b, PA EITH AR B AR
aEmE (ST BE (K 8) (Krisch 1973,
Aronova 1974, Brusca et al. 2016, Hickman et al.
2016, ZFifER5E2019a).
2.2 Y/K# (Bolinopsis mikado) K Ff5E

YRIKBR -1 FE 5 A KRR ZR AL, L
F AT . AT, A
WA ds b, BERE F RIS A 4 FREE . 4
HEARIEIN 2 A Bk (B9,
2.3 HiIKEFFEERSERE

XTFI7K BRI A B o B 47 B 2R A0 I — Lemjf
5% (Tamm et al. 2002, Tamm 2016, Norekian et
al. 2019, Jokura et al. 20200, FU/KEFITSE &
A 6 MAAGARMAKLE (K D: AR
“9+2” WAL, RN OFEESIEAS
BHNE . CENERRAS)IEAE 3 Mk

B, AETHRARTEENER; “9+ 07
fhez, SRZ AR IR BATH TR 0B
iR L. FIRF] “9+ 27 Fhe s NN
AR AMETE, RUKEETES B A e —
IME DA R LT BN, AENE IR E AL
RSN RIBL, FFr A AR T TR AT . 2
R K BRI AR VT[] N, RS 2R M T U
MO A M E R, ERET, Byt
ZHIH T I RIILET4E, SHEMRISE, Bl
W BT BTG RS, A S AR B SRR 1 11
WAL .

3 NG

JIE P 50 0w ) B 3 0 ) 11 A BTC £F
T, UALGEENE, SR, BEE
o BOKBRR T EEN TR R An 2k BKEHE
AR T AR, AMERIEIA T T K
R R P i 8 A Mo T A 2 ) < RIL 5 B
FOTTRE s BROK BRI B TG IR
Jis SEITKEERPT#E S 6 AR R A7 T kent
Wb R fe i DR 4 4, ZRE

B8 Mtk kIR O T EHERKREHRE

Fig. 8 Diagramsshowing structure of Pleurobrachia, a ctenophore and its statocyst on aboral surface

afllb 5| AZFE =% 2019a, c fR4E Brusca et al. 2016 28, aand b cited from Li et al. 2019a, ¢ drawing according to Brusca et al. 2016.
a. SM: b ROTHCFE RN E: o PEIBONRILE 8 KAk R,
a. External view; b. The position of statocyst on aboral surface; c. The statocyst and its relationship to the eight comb belts.

F 0. Dome; #1i75. Comb belt; T . Statolith; “Ff#i#%. Balancers; #lffi)2. Cellular lining; #F7E. Cilia; #1i#K. Comb plate
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S OIN AR

WXL E B “Eh

B9 FUKBEPERLEHMRE (R Jokuraet al. 2020 £ E)D
Fig. 9 Diagram showing statocyst of the ctenophore Bolinopsis mikado (drawing after Jokura et al. 2020)
Wik FRMAEIA I TT A . Arrows indicate the direction of the polar field.
S E1TH . Aboral surface; IITH. Oral surface; JRTHI. Sagittal plane; fiiF-1fj. Tentacular plane; ZUIRAF4FE. Striated tract cilia; JZR1k.
Lamellate bodies; & TH4FE. Dome cilia; “F#ii£3. Statolith; “F-{fif #%. Balancer; . Bristles; _FJ% 3k Epithelial papilla; 4774, Ciliated
groove; M. Bridge; MJEX4FE. Fancilia 7 JZ. Epithelial floor

X1 KSR FEREDERVGE RN ENEHEKELLE (FIEFI B Jokuraet al. 2020)
Tablel Sructureand length comparison among different statocyst cilia and
comb plate cilia of Bolinopsis mikado (Data is cited from Jokura et al. 2020)

FE4HR e ELEHRERE Structure diagrams RIS AEKEE (um)
Name of cilia Type of cilia 3% Proximal 73 Distal Characteristic Length of cilia
ST E EZAES BNENEAY, TASIEAY 311.4+82
Dome cilia Multicilia Have inner dynein arms and no outer

dynein arms

PR AT RLE WEANEA 96.9 +10.6
Balancer cilia Monocilia Microtubule inner proteins
AEHTE EZASE BA# R 2 Wi 222+9.8
Ciliated groove cilia Multicilia Compartmenting lemellae
JEIREE B EZa85 LB EAE 3.4+13

Lamellate body cilia Multicilia Dynein less

T hEAE 78.6+12.3

Dynein less

HELE AR

Bristle cilia Monocilia
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FELH SR FRBEEMREE Structure diagrams RIS AEKIE (um)

Name of cilia Type of cilia 3 Proximal PE Distal Characteristic Length of cilia

RBIXFE £45% W “9+27 4y 49.6+538

Fan cilia Multicilia Typical “9 + 2” structure

SUR LB £ % LRI “9 +27 Lty 11.1+£0.5

Striated tract cilia Multicilia Typical “9 + 2” structure

HilReFE LT BT I RS R 1000.0+0.2

Comb plate cilia Multicilia Compartmenting lemellae

300 ANEAE. U MIEh AT T AT PR SR ALK
wutdili IRIESR 0 65 SR b R & st B St /I8
PR BRI T3 1 A4S, AT i, P
AT TR S, P a BT s s
€. BEEAFRZEMEHBRTETHH. 45
SRR EAF . s i B2 sz s)
i, SPHARZE N, R AR SRR
i, TR s AL, fE 15 B SO
JULPA) DA 5 5 49 ) 2 B o B Bz 50 77 17
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