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T WS TR IR 35 7E 3 RO [ S0 #4512 T 198 ( Glyptocidaris crenularis ) FMERAT R FE s, 45520 RFZE IS
PRBE T VAR R 2 A T o A T AE LA DLSE VRN MR RL BRI T (HEWICAL ) RN D B S MR B IR bR T (HEAL ) 1)
SRIVAES A0 R A G 2 8 8 4 6 A Tl e ( B ) AP RIIABE R (25 1 41) RIS (N=3, P<0.05) , 3 41340 T3 ik
{14 DL SR A SIEHCA T A P S AR ABOH  BSE IJS e TP R e A HERCAEL A ST TR B TR AR W X T A
M2 4L (P<0.05) JE Wi 22 SR 2 o 3 4RI FH 30 i 1) DL 5 S B02E S AN i 38 (P>0. 05 ) 1 TR A 3 ke st o 795 o DL 52
CIERRZEIA T RIIA D) 77 4F 35 AR 22 5 (P<0. 05) o AR 106 A BE vy — B ARk i) oAy 308 W04 1 Bl 2 S 2 filE HL R R R A oy, (RS
STE—E TR PR T A SR I, Y IR AR T R e ) A S R AT A 0 — A AR R T 1A T A VR FURAE Ry — ke R
W, VA SRS Xt R R EL A 3 Y e, T R MR 1 B R AR R SR 11 4 R ZS A G

48R WIS ( Glyprocidaris crenularis) ; BERKEREE ; BWEMAT N PEFRIE

Effects of different ecological environments in the laboratory on the covering

behavior of the sea urchin Glyptocidaris crenularis
CHANG Yaqing” , LI Yunxia, LUO Shibin, ZHAO Chong

Key Laboratory of Mariculture & Stock Enhancement in North China's Sea , Ministry of Agriculture, Dalian Ocean University, Dalian 116023, China

Abstract: Covering behavior is a common but strange behavior in the sea urchin Glyptocidaris crenularis. The evolutionary
basis of the behavior remains largely unknown and unclear. We investigated the effects of different ecological environments
in the laboratory on the characteristics of the covering behavior of the sea urchin G. crenularis. We used three different
environments ; with shells ( covering group) , with brick (sheltering group) and without covering materials ( blank group).
After seven months culture in each environment, we observed the covering behavior of the sea urchin G. crenularis using
shells of two species of bivalve molluscs ( Ruditapes philippinarum and Mytilus edulis) as potential covering material. The
results showed that sea urchins in covering and sheltering groups picked up a shell and placed it onto its upper surface in a
significantly shorter time than those in the blank group (P<0.05). The number of sea urchins displaying covering behavior
and the number of shells used for covering over time increased to a plateau for all three groups. The number of sea urchins
displaying covering behavior reached the plateau at 40, 40 and 160 minute in the covering, blank and sheltering groups,
respectively. The number of shells used for covering in covering, blank and sheltering groups reached plateau at 40, 40 and
120 minutes, respectively. Significantly more sea urchins displayed the covering behavior in the sheltering group than the
other two groups (P<0.05). However, there was no significant difference between the other two groups (P>0.05). The

number of shells used for covering was similar for the three groups (P>0.05). However, the species of mollusk shell sea
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urchins used to cover differed significantly ( P<0.05). The percentage of sea urchins that used only one mollusc shell
species as the covering material reached 78% . Long exposure to light could influence the covering behavior of G.
crenularis. The degree of covering behavior decreased in sea urchins that were exposed to light for a period of time. Light
may be a selective pressure for the covering behavior. The covering behavior may be the result of a long-term evolutionary
process because all sea urchins maintained the covering behavior in the different environments. Glyptocidaris crenularis
could not loss the covering behavior due to the lack of covering material in a period of time, although the intensity and
degree of the covering behavior could be influenced. Glyptocidaris crenularis showed obvious selectivity to the type of
covering material. This may be related to the characteristics of the covering material and the physiological state of the sea
urchins. We think that the covering behavior is possibly one of the strategies to avoid light. Other strategies to avoid light
could be selected by G. crenularis if habitats in the field lack covering and sheltering materials. The covering behavior of G.
crenularis can be influenced by various factors. The comprehensive effects of these factors on covering behavior and the

effect of covering behavior on physiology in G. crenularis needs further study.

Key Words: Glypiocidaris crenularis; covering environment ; covering behavior; selectivity
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A5 AR — 25 it e o A R PR (3 0 R 0> . AT SEA AT s e R R 250 BFIHR
MANFAGERZRPIRIE . AR AN [ R 2 04 16 IH KA 6] 32 SRS 0% ¥ IH I AT S 77 78 W 2 R
) 48 TR G IR SRR R KRN K R R T AR S e Y S R T 1
THERM EIRAZRTE 100 24T S SR BN AR TR B TFAZAT R T SR RS )
B H AR 0T o 33X 5 B N M SCHIF T S AR v T ][] A ) B35 PR 5728 0 3R G800 7 A S e A
PRI MIED , TOTG X~ A A N 1) P B 58 22 A (e ) S a8 e B 5 1) 72 A ) o T AEL S A DA AR 1) 52 i e = BT 58 A AROR
IR

RIS ( Glyptocidaris crenularis) | J& T BB 1] AR ] IHAY (BT B P IR, 2 Peig IHE H A
IUAE R E— AR | = B2 03 A1 7 v [ BIL 30 e B AR AR 30 SERTRIF o UE B, g 1 LA B S g
WAT R, SRR FERAT AR B AT 20 AR PRSI A BIFSE T (R I ) AN [ 3 il R 5 2% %ot
T SRR A T A R AR R S, LU — 2P IR T 24T R AT LR e RURISE I PR 2R
1 #RAE
1.1 SR

HEHIAE (G crenularis) T 2011 4F 2 H g B 1L 7 KE B F 0l A R R izt RIE & T 2010 455 H .
SR, R AR SR % 300 L KK T IR B
1.2 St

WSRSEE T 2011 4F 3 A 2 HITIR  fESi s NitkAT . SE863 T 3 21 Eillc il (LA SRR 25 O AR i
I, 25 DB I IE T IR AL AR 1K O (38,3043, 34) mm, J2 75 9 (171. 90 +7. 02) mm B i 21 ( LASE AL TR UG AT
Ruditapes philippinarum W VU5EAE R BEM PR ) F128 LA (B R FIE R 1 3R 58) [ B2l 4 R A
H42 20 ANEERIE 2000 T 300 LA /KAE e 3R | 40> 2H W R AR R 1R DR/ N — | A KR 0 32 ' BEAIL 20
e oSBT P MR T A | 4R MR R vy it He2H W e it e o ST I ey, DA ORI T AN PRI £ T
BT H SRR, KR AT K AR BN 2 <, B 3d 48 1 TRk,

#2011 410 H 6 H, RFERIEAES A BB PESR T 7 A5 I - 7 il T s, S e m
S9CAAE T HEAT , ARG 80 ANHERIAR th 23Sl HH O/ N KIS S AL o 4 36 A4~ ,3 2L 108 4>, R4
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3ANEE, FAERE 12 NERIE, S BCEAE 60 L H KR AR KR v 3 e A — 8 A% 1Y i DL
( Mytilus edulis) FIHER AT (R, philippinarum) B D152, B IEE FEFFSE 3 h, 5 10 min MEE 1 ¥k, WL
MBS . D BASEEHT 3 N RITE S BI0IUGE R H O FERT, IR S0 T AR L% ; @) R4 d1 5 A
AT Ry VR A B K B AN H AR R B SR T 1) DL 5 BB @ A EE A b 4 L DA DL DL e s
AEHRTE MR AT DL 5SS B (0 T T £, BT g 1 h WL 1 K
1.3 Siitorik

FIH Excel Fl1 SPSS Suit3 M FE 6T Bt EA 738 BRAN A0, 2 50 3945 & IE SRy 2500 . R A
27 225387 (One-way ANOVA) Geit UL #5 2H 1 H A R0 DL 5 RUAS R/ I H A 1 45 4 1 il A0 RA i DT 5
RS Z 18] 22 S AR E BT Z RIS W PR 22 5 . R T B IR 32 07 22 70 M LU 1 - AL TR 1T 3 4TI
G3 BRI R AE I 2 ] (14 2 5 o 0 0 88 s AT s P 7 4 2L W SR 38 30 ~F- RGObR 2850 05 vt SR A T 1€ e
1 DL e SBORIA ST Ry i T AR S =z TRl 22 5 . R IR 3R o 52 8 i 5 22 0 i FU AR T 3 RS BR B5E ~
TR 53 ) 2 LA DU DL 52 b SRR A1 DL Fe VR s ey i i AR Bt 0 22 31, e RIS IR R AN DL SE ik % 2
A HAE A B E . P, i — 20 W T 7EA B IR P 3R AR B0 T 1 IAH 2350 2 AR DL DL Se Bl SR
WA DL ST A Ay 20 e 0 1% T R A 8 1Y) 2 S
2 HR

S A HPT VL SE R 5E K 7 i ST B B B H AR fE 258 T3R 1, PAAR DL FC A% 22 R i 3 S0 i
FHAS A RIE e A2 KN BEPE 225 (P>0.05) (£ 1) .

FR1 EREIREEEBRIBRHOERER

Table 1 Covering materials and body size traits of sea urchins ( G. crenularis)
L A

ERN TG LIl 52 Shell of HEZH EEEE e

Traits Mussel shell T Covering group Blank group Sheltering group
manila clam

56f8 (1K) Test diameter ( length)/mm 12.38+2.80a 34.19+2.54b 31.37+2.29a 30.11+3.01a 29.64+2.85a

5o Test height/mm 21.15+5.08a 21.98+1.74a 17.69+1.50b 15.84x1.22a 15.77+1.58a

A (525 ) Body weight( Test weight) /g 0.170.15a 1.47+0.33b 14.91+3. 11b 11.88%1.76a 12.15%3.08a

AFFERFR2ZER B (P<0.05)

LR T7 22317 (One-way ANOVA ) B | S 4 FNAREE AL, 5T 3 A TR 0108 43 S0 UGS i 1) () FE A 2 B
FH T2 HUL(P<0.05) , T i Al 4l 2 A3 B E 25 5% (P>0.05) (£ 2) .

3 AR AT AT A ) Vi ML B B A ) [
HAE AL, EARER S IS S TP AR a3 (H 2 3 F2 BRBMRERROFTENT
ANGE AT TREREAT 2 1 TR A S B B 5 S R AR A ] Table 2 The One-way ANOVA of the time when sea urchins ( C.
LA SRS A BEREAT A 10 1 O BB T ST (| cremwlaris) first covered themselves

L 2) . EHEALIIERIAE 40 min ZEAGKEIFRRR SIS
A5, T HERCEHL A 42 B AR U 53 507 160 min A1 HEHEL Covering group 157.56 + 58.00a
40 min A7 IR BPRURAS . SAERIAREREE, 25 941 Blank group 228.78 + 83.43h
R A ERAT AR B L Ta g, _fE#A Sheliering group 152.78 + 55 81a

TS A AT T R R e, B TR P<0.09)
WEdL, TiTZ 28 (1AL PR 25K B8 (P>0.05) .

3 ALYV FH e ) DL S8BT 1 10 A P 6 0L M P 6 MEL RS A MU A ),
A S BRI T RRRARAS (121 1 181 2) . SR R AE 40 min 2247 BT RORAS , e 41 A 3
LGRS A E 120 min 140 min ZEAT 8B PRORAS . 45 1AEIRRE R KA , MEMEAL A 1T T3
eI DL 34002 TS 1141, TS PR i 0P e 0 D BB 2 2 (1 4, (R
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ZERARNEE(P>0.05),

—e— R —m- A A
13 25

(8]
—_

SEES!

MRS /A
Number of sea urchin
5%/ A
Number of shells
3

’ sasasdlilsss:
7 - 13
5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 30 50 70 90 110 130 150 170 10 30 50 70 90 110 130 150 170
f5f ] Time/min f5f ] Time/min

B 1 EmAY S RIE R BN A TR U S B ERT B R T
Fig.1 Number of sea urchins ( G. crenularis) covered themselves and total number of shells used for covering during the period of

the experiment

£
ERE Z 20
=}
L L=
<\§10 £as
=2 20
o] © -
# 3 XE
g 0 L L 1 2 0 L L
Z plid e ZHHA 4L e 2R =L Wi 2a
Environment of covering Environment of covering

B2 FREZXEEREERBEEMERTERNRETEE
Fig. 2 Number of sea urchins (G. crenularis) covered themselves and number of shells used for covering

w RARE F R B2 5 (P<0.05)

XU ZRT7 2850 s 1 A o LG T M T DL 52 A2 BAT B4R (P<0. 05) | T [R] A6 e 25 7 19
A PRI R A X R e B R (P>0.05) (£ 3) o UL, BERAEE SN RS, ik — 207 220 i
7R, Bk LR e 0 A D52 AT D ey F) v A I A 2 2 T Al LA W DL g DL e A D e iy T SR A
(R 4) Wk DU DU DL7e s SR A e s A DU Fe A o i iy ) v o0 70 i 2 0 35 1) 22 T [ I LA b DL e 4
R R E R, BT 78.57%

F3 HU—HMISEAERYHNERBHENNEARTEZNHT F4 U—MRIEEAERYNERBHENEEEERFESN
Table 3 Two-way analysis of variance of the number of sea urchins Table 4 Repeated measure analysis of the number of sea urchins
(G. crenularis) only used one type shell as covering material (G. crenularis) only used one type shell as covering material
4151 P 2551 ¥l P1H
Groups Groups Mean P-value
SHE PR B Covering environment 0.004 ** 5 U1 DU5E Shell of Mytilus edulis 2.93 0.012°
5225 Shell type 0.048 * FEETRIAT IS 4.81
RS b P Shell of Ruditapes philippinarum ’

N 0.154
Covering environmentXShell type ANEEAEHER
3 Wig

AT A B IR BRI BURR U S AR A i AEE A 7 (1 — S IR IR 3R 22 iz i
TN A IR 5 ORI I ™ A B T o0 I SR R R 10 SRR R SR AR RE RS IR 3 B 1A 1 20
GUMANE S, Xt 3 A Bl i, RS AR F O — A 25 H R T R E
MR E DT AR A TR SR R SR A TR T AR 0 B B e 22 A G IR 124 A 3
AT A TR SR 5 2 T R K DG IR e ) 23 A, it s T T e i iy DL e BB R 2 T a5
A, X UL R BB 22 e I RIS A9 70 A, 0 EL A S0 2B 76 70 SR I 25 1F T AT TR PR R BR AL IR AR A R 26 IR
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BISEMA R, I A TG TEA ISR AE T (25 A TR | OB Ao AR T M0 AR 1 TE TG B AR T ny i
TR ZARAR 2 i HATUCGHERK H C AW AR 22 o 3ok 150 T A 0 PR v R S0 ' IR 2 i g SR A 1 e A 7
U X AR BB AR Z B AE IR AR 3k LERIFTE N R Ot B R A8 3 R I IE A S T O SR, X AR TR
FEIE TR AN R R, Se i AT 32 B2 L v T AN ] 8 516 R 8 i 8 %o T AELSEE ic A 7 o 1 i
T REORINEL = T, 45 A 3HL2H A JIEL A= 176 BRI v 9 516 BR 2R 1 BOIR AR S — A 1Y, iU S B 1 50 BR AR AR —FF
ARSI T BT T AR I PR PR ) ' FR SO X i SRR S RACA T A B R 5 A B PV FIELE A T S A T A U
G2 HT B A TG FREE P DG RRRAEAS [R] TSI (DG IR SR A —FF 3 S5 AT AN S IR 2518 B X L, 400 75 A
AL B DG RREREE 2 rh | i IE A I A T O B | LD BRI Y e A e I A T Oy 1 el R I S R
T ARIT 2002 1 38 N — A Zh AR ARG BRI 17— EA AL T3 ke e 1Y O BRPR A >4 oy | 1A I A 16 i
T ARSI o AR A I B PR 25 20 M 0 P AR TS N SRR AR AT R R R 2 — . FERR A LA ER B
VSRR A T DA 72 5 Y — IR DR DAL T BE L K A= T A i N A e ) e 2R O IR T ) v 3 A ok
Fi v X O BRI 52 717 28 7 XoF T8 e K HREE S A ) e 2 TIOR8 77 2 T — 8 (3 I P ok 3R WA il M 4
B AR b W] RIE U Fh SRR WG B AT TR AR 520 B2, FERR A v i A | oot I 7 2
) DY 52 S BORIA STy AV MBS Tk e R IR S A B ) B2 3 i K T 25 (AL, X2 AT Veerling ) 75 401
BRI RH ( Paracentrotus lividus ) "HEE R B ARZEARL, 33X LN F- SCUa B T 78 B i 2% 14 A 1 B9 1 S0 A8 X' O B0 T
e T . HETEICIE MR — LG, — AT RE A I DRI 0T AR 16 1 it P A PRIGE BR A58 10 0 71 1141 Bl R 0l 555
T, AT EZ I VRS UK B O R A

SRR AT R AR R T I A SR A Ak T T B i) BB AS e T st AL i AT e Ry s
WAT R A S —Fp R U, B A R AR, BERT LD A O szl & 4 ) o nl DAk 55
PR Het B 15 % 10 BN O AR R A T A S TR 2 R 25 2 TR e R T A T
A A A A S BSORI A 1 0 48 T S ) DL 7 SR LA R P 2 B AR e IR AS B IF(R] , ERAR AT — 0 22 57 (HA I
AREVERNZES . X PUE ] 1 I R T A 2 K TR ) — R e BCASE AT R R B2 I
AN A 25 A X AN AT Sy, [ It 356 ) 1 S A A B I AN S T R S A 7 o RO AR R Ty o 2 1) AR
HCHT 3 AN ERE 3 3R UGE R A © RAERT 2 B R T A A, AR AT RE R T A 16 AR DL DL SE 0 i
TR 1 e 50 A8 2 006 RS2 MR S /N i ) SRR B 3y, PR Ay S 5 e SO W 20 AN RIS =2 TRV T 3 ¥ i 9 40 311 )
YCGEEHE A O RYFEN A BB 22 5w, i DL b 3 SR 0 28 2R L A T T A 100 i A 7 oAy L v
TH eI AR IR U Z2 Rk SRS B — A G AT BRI AT N Y AL T ) 2 — | TSR A B mT gD
AE it RS IE G2 AT R B AT 3 W A e 2 AT bl S SR T AR B T A6 396 B4 v I RS (At 4 3k DT
F-A K, Travisano F1 Rateliff 3 i1 78 5256 28 554 S BN BEEE 18 ( Saccharomyces cerevisiae ) FH B2 it [n] £ 2
HLFEAELL K Bell X5 B 4R35 ( Chlamydomonas ) HYGRE H IR BY a1 AL AE A 77 B A8 A2 AR UERH |, 25 T AL WIS E 11
A 2R R IE B A R 1, 28t K AR A A T A8 R B RERE TS 1l IO A 7 A 306 R B (0 AR R L T EG
R BB P IEGRGE T T RS b X B A 3l R0 8 1 5 e R IS, 28 IR A BRI 11 Bl AR
SAE—E R EUUE S RIAT R RIE S SR A R o A 6 BEORIIBORT AF 355 PRI v sl ' A% 1 9 1) i 28 1) A (]
F B DA A A7 BN T A 5 B A T RE S B A AN [R]RE G S 0 o (HO2 i TR
Z AN AR ) O AN A IR R DR B T LA I ) (9 PR B A AN Sl PR, %ok 22 A0 AR W A 7
SR ST WAL IT S IR A TR I, 7 — DR

VR JIELIEE RACA T A T AR P ) A R AT P 1Y, 3 PT BE BRGEE R ) B B AL BT R R A R A G
A RERRIEE IR [ B A R A7 56 07 Crook ! A& BRALIERIEEIF I 6 % o — S e 10 1) L BB 4L 59% , I HLfi 17 16
P RUA E AR IR, LA SR B ARSI A 7y % B A R T A VA FE . Sigg A5 o %% B0 0 Vg FIELAWE 1) i
PR 0T SR S AR R OR R Bt LA DL DL Se s A rE A DL e VR iR i i R R B2 T
[ R LA ot DL 524 Ryl e 0 R v R, 7 3 T 78, 57 % , WA A8 X S i A RE B BEBEPE L X RN Crook 11945 SR 2
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L, FF— AR B T I AR S 1 e . fHJ2, 5 Crook T Sigg N—FEMYSE , LAIFEATEIA A1 D1 FE A A i
W 8 SR A A ARCEE 25 22 T LA DL DL S8 A9 DA S e 8 SR A A (A, S R 2 A DL 7 ) o D R 28 R
TG ULDLFE , — AN PR AT B by 15 R0 108 7 A 7R 52 )t i o 63 LAY, S ) 32 456 1 B B R ) JEE e
Y15 53—~ B AT RESEAE A AR T AR R IR A1 R DL FE R TR DU SR G i) DL 7, SR 3R 098 B9 D ke ol
U TN E iR

g5 LRt M R AL i R T DR B T SR — B AT RIS (G, crenularis ) WSBEHEAT S 32 6 R B4 52 MR 452
KOS P RER AT M AL IR Ty 22— AT D0 AR T e Vi A0 AR e e SR et v i) — Pk . AR TR BR8
— B[] PSR ) R R AN 2 R A S X AT O, AN i 2 e — e R I b S Rl A 7 A ) JRE A SR
JE o ARV X T R ) ) R S AT e PR | SR e P 52 S OB B AR T PR I AR 1 B A B AR AR RS
Wi, SN VR AR A T o e 2R IR R ER B AR IO A5 2R A e Lk — B X 28 PR I £33 B0 A S e 7>
XHEERIE A B R B R
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