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Development of an Experimental System to Determine the Diel
Behaviour of Creeping Animals, with Special Emphasis on
Gastropods and Sea Urchins®

Ikuo Havasur'' | Yuko Ito'’ and Kazuya TaNiguchr?’

Abstract

A time-series photographic recording system using a still camera was designed, at first, to
conduct behavioural experiments for creeping animals, and then we developed a more informa-
tive recording system using time-lapse video through a very high sensitive ICCD television camera.
The development included the designs of an experimental tank, control devices of the water supply
and light, and a monitoring system of experimental conditions such as water temperature, dis-
solved oxgen and light intensity, etc. In order to work out the effectiveness of these two systems,
trial observations on the diel behaviours using the systems were conducted on the sublittoral
topshell, Omphalius rusticus and the sea urchin, Strongylocentrotus nudus. They showed
different diel activities and movement patterns. These behavioural characteristics are discussed
in connection with the effectiveness of the developed time-lapse video system and possibility of
future study.

Key words . diel behaviour, creeping animals, experimental system, Strongylocentrotus,
Omphalius, television camera, video
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TOANBOMBEIZLZ2EHFBERIZL2b0TH L. LarL, WIRBESHEE 2GR, 850
RHIEICS D72 0 #1247 ) LB S, BEEBIELUABR L), oL iRATL2EL
T, WD SHA L TEICL > THIEDTTDRTE TV L, 512, KHEER Y ZHIIHED
T, WKEWVIERICEBLTWEDOT, B COBEBEBERL KBTI S8 % AT 5
& EICIE, ZORBEREIE U THEHE SLHEREOMKMEZ IO 2 TRAIN TV S
bDLHDH. FICINS OB T, FAERERICHAL 2250 BICBET 5 L) [TEIIEF
WAEEL CBEOTEMTbNTE .

JERFAR Y IOV TOHNRLERE TOBILICIE, HETOBEEOHPILL L ToE
AT (THAN 1971), S SICFNIIREBED T 1 V& —%D1F 5 (Fh 1988 5 FRJIS 1993) % & LT
MEEWZRS U720, S GAEY FICE AL EE L, REMW H R % 56 S T (Nakavira
and Son 1997), fFAESGAT % —EMIE & & ICIHIEMERR T 2 HIEAS TR S Tw b, HEhilike
BE LT, KAAEHZLKE L RNROBEGZ FARAZL GEAT S I EI2L ) Wik hr
EERLEROKHS 1977), AF— U H A TERMEHL, BIHIEBELAZKFIATOAPTRD
HEPE e Lo FA LT, —&ERMRI L o (A 1991 ; 435 1996), BH5 A 4+ —
F % %4 L 72k S8 OB % %56 (CHELAZZL et al. 1983) 72 & Dt 2 ikt A b LT
L. FRSTLT, &EREDRWEEE LT, $ioBENIE ) BENOKRERE F 51
F5 2 LI D IHENRAER AIS T D SN TWD (NS 1993, 1995). Li L, THSHHERD
FETIE, BMo R TE 2 mAb ECLE R, REFE, ik, BEEERE Vo T TEE
CEISEAT) LW EMICIE, BRIEEA TS TH 7.

OGS ERE, B, B, FHOBEE 2 SomTELP D SE LL, Z0%IE
HHH T, REFHEIOGERATFETH L DT, HARBEBESGTE L TE T g, TEROmr
FRIZAF O N TOATEIDIEROBE L EX i 2 4. KT, BEIHEIIREETD
B RIEEOBIGE 2 L% &3 LB, FRICEEETESICES L CTAEBT AMAEEY D%
HEL Yy —HOHREEZRLE LIATEIZ L7201, FZICHBLIZAF — VA AT Ol
GaFY AT LY, FLEAAFTIIHB LV AT LOERGIZRL, (RO AT L EHN
TOAEMMEE, B - QR ENTZ VAT A EHVIGROITEEBRADIEHOuFEMEIC DWW T
Wik 5.

THEXREE

1 XF—IWHASERI AT L

TEERETOIIH), EREFMTINETLMEOER LGB EZ T/, EREOT LY
BEHE LT, KEAOHFEE EBFGHW~DA ML 2 DR LT H012HARE L, 512178
DKIEDILR R KBEDOARE — I L - TEBEINT, »OWEIEHTH LI ENHIFoLN:.
LR MA T, AEOHERIEIR (B30 ecm, H#E15 cm, KiFEI2S5 cm) & L, K F KEHT
DA DDVEKRIIDHAFEFANEAT S LT, MY = — VEO KN BELE ) 0K
Wi L, KIEOHLEDET K 22 HHEH 5 X9 12 L7 (Fig. 1).

EERBW OITB AL E L, EBRAEOE FICHE L7235mm—RL 7 A AT, T4V LH
BEEX LITHOTA vy —, lEHOREBHANO) > 72 bR KEPEER CRE7 1 v
y—, BIOHB v v ¥y —HOI A < —ETH LA (Fig. 2: k). ZOEEZHNT, i
WRO36K R ) HE T 4 )V A T—ERH I & IT#EE38IT v DA b I ARRENIC L I AEFATTE
B EHIT L7, o EE L EFKME L, RALXOKERT LT O fE EERE IE o 7222 [
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Fig. 1. Design of the experimental tank (Left : upper view, Right : side view, arrows indicate direction
of water flow).

IZERE L7z, BRIy A~ =12k W AT ROACTHBEEH 2 RAMTCE b X2, 2K
«®E*K@,ﬁﬁ%%®k”%mﬁL EE DD HEIISE SN T L AlEAREMH L. B
DEREE &KL, EBREEOLEBOAE LR T 572012, EBROBMGIE &A% TRITHE L 72,

B, TOEBKEE, REELERY AT A, MINEHO 1HETHL v ayhA

A B EAHEWE 2 HET A FERICH SN, ZOMEIZ T TICHE SN TWD (RS 199).

2 FLEAASERIIT LA
AF =N A ATNEBEFE T AT LA TORMEN, FIATEIRLERDMIHNIC % 5 2 & 2T

Fig. 2. Recording device using a 35 mm still camera (Left) and television camera (Right), which were
installed directly above the experimental tank.
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572012, TLEMEIC X A ERIGFEY AT LD ET o7, EBRAMIIAF—ILIASTD
VATFLERREBELIZEECERLLZLDEZFOTIH, KVATFLATLRESEANT DA
THEICTE 5 X HI2T 572012, HAUWXIKENFLHT O H EBRE 25T 7R 2= 12 FEBUKIE 2
WEL, ZOBEEICBEEET L ED AT (EEEEVHE) 2FE%E L7/ (Fig. 2 : A). BEKE
DFLEHN AT EVZELEHRBERLVIREETIIRE TE2WOT, BEHICIZ/N RS
@%%Kib%ﬁ%%ﬁtt.:@%ééﬂ%@%mMT@ﬁ%#bﬁEf%ot.TVk
H AT TERONLMBIIREENBOE=y —2RALIA LT TAETHCTHET ALV AT A
L7z, &5, AKEOIMIDOKEOE S IEETRr, BEARBENIKIRE & EFRRET O£~
Y—FREL, B %f%n%®ﬁ%ﬁﬁawmﬁﬁﬁﬁétaéu,%%%ﬁ¢@%n%®
A 2 E RIS T =y a0 — IR L, ERRICFAFTFREORL2HATEL L) ITLE
(Fig. 3).
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Fig. 3. The experimental system for observing and recording behaviour developed in the laboratory of
the Japan Sea National Fisheries Research Institute.
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1 EBMBEHLUOEE

(1) AF—IVH XA FIZLBHEER

FEERIZIX, 19924 7 A ICEWREMA R CRE L7222 ¥ 0~ 7T Omphalius rusticus &
fREERREMEY ¥ —T19914 6 JICRE Sz F ¥ 4 7% F 7 ZStrongylocentrotus
nudusk H\w7z. Zhbig, %klﬁk@ﬁﬁ%‘aﬁﬁms"c@iﬁﬁkf‘lﬁiﬁﬁﬂﬁﬂﬁf\‘&& <Ed 3
rAULEHABTLT2S, REZEHAAL)ICHEBELTEADOERT LIZ5 EEEZERL,
%%ﬁ%ﬁﬁmiﬁﬁmﬁ~ﬂﬁbﬂﬂbt.AT@%%iE%&@MHT@Kﬁw,ﬁ%
F11:301CBAE L, BAHD0:30F CIM T & 14T -7 (Fig. 4). FEBRICHEH L3 ¥
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Omphalius rusticus

5

Strongylocentrotus nudus

Fig. 4. Examples of time-series photographs taken at hourly intervals from 11:30 to 22:30 on the second

day after starting the experiments.

AT IEEAE23.7+21.0 mm, {BEE (Y ET)5.10£081 g, ¥ ¥ LA TFF Yy S dEE
249£25 mm, {REE744+212 gTH o7z, BIFB L OEERGIM b, BEATEIAH G
G2 BEEERPRT A-0EREE L, KM%, 6:007518:00F T% #2000 1xD W
B, 18:0075FH?D6:00F T NHDEL W E L7z, 2B, SIEKMECOmEEF I
ZENOBBE A EBLAEOLEICTEX 27 8bE 2 L) ICHAG L. EBilkE, 3t
X 7K BE B 78 BT O i K BRUOK B 7 0 FR i g8 vk 2 L, EBRIARE b o KRB 1318.2~
183 COHMPANT, WEITETHI20( TH- 7.

FEE, TR E IR ENTZ 70V a1E, ETRUEICR S X ) ISR A& S
PRBEEMNIT L, AIROHRE, SME L2 /@R ZE 5L, WHofREE Lz, 2058
HgtA L B L X\, KA &M ICEM LTV A ERZE RS L, FE o F e & Ko
WEIFE & MRES 9 B Bk & L7,

(2) FLEDAFIZLBEER

AF = HRXTOEBIHERA LR YDA THh TN T EF I LTI %, HAE
XIKPERFZEAT IS TN, SEBREE & 7 CBEMIT, SR e L RIS T » A %52, 14ERMLL
LIRS KR O PSR THE L7z, £ L TI944EDI0A 22511 A 1227 T, K 18T
WX ol Ak Wit o CERPER L. S OFEETIE, miblL [ EICK 4O % 5 ik
FTOEBKMEINETL2DIMA T, Wiffx 5 KT ORE LG E0BIE Ir- 72, £
AR L 78 id, FEBRBEAS 1 AR DL LR S EERIE I T A REEN T, [\ KR E JBE
WMOBRB T CREZ G2 2SO fH Lz, 20k, EBREG 1 ~ 2 HaflcIEEBRENY %8 0
FEEAMICNE L, BRETERLZ. 2o L) RBIFUHE 0%, WE%11:.001CHB L,
FA LT TAET L0240 B 5\ 348K L TEAAI 24T - 72, BB X OVEER
B OB HOEAT & /R BB ST O 5 % AT L, b 1w 1328.5~32.9 1 E/m'/sec (%
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BREI & L T#92500 IxICHIY) & L, BEICIR/NEAREBTORDOAL L, JOBROKETE
%+t ¥ — (LI-192SA, LI-CORHHHE) DI BRFET @ %0.01 1« E/m'/sec (#90.5 1x) KiiiiZ % %

IS L7z, EBRICHER LAY 5 A5 v 77 3 BEMOBEAIIE#%25.0+1.2 mm, {E
EHE652+092 g T, REEBROEAIZI3256+13 mmE 7124071 gTho7:. T/, ¥4
LY F Y S FFNFNRIE347E1.9 mm, 16.13+1.44 g3 X 1835.0+2.0 mm, 17.67+2.70
gTHhol:. fFH, EBRBLIUZOHEFOBZMM P OWAKIE, U8 L72EKE EBRAKMEIC
EAT B AR IC X ) ARE L 72, %%ﬁﬁﬂfhﬁqmykim 318.0£05CT, WEIXESL5
~20 L THotz. T2, BHEEFZRIFISS~95ppmT, | ZITHHEEISEVWVETH - 72,

COEI)IERE LT 20 BEET L o:fzéb%ﬂﬁiﬂo S LZZRZ & &b ICBH)
LR A SRR ARICEEA L (RREkD —E 13 igs.7, SOBH)/ (Y — 2 B), #kH 5RO -8
BREEE C BRI S, BEIEELEN L. ZOR, BEREBE L TV AEAIREE S (K
EKEHNDBE)) OBBIEEZ R 52 I3 TELRVDT, KEHFMOBE DAL 7
25, WIFNOERTHHEL bBREHMOBEIIV %, ERTEXIRETH 7.

2 RREIOER
AF=NARXAFIZKBERTIX, AV FHITOHFTIIBHEDONE IEET S5, H5VIEE

Omphalius rusticus

Frequency in Number

12:00 0:00 12:00 0:00
Time
Fig. 5. Diel activities recorded and analyzed using the still camera method for the topshell, Omphalius
rusticus and the sea urchin, Strongylocentrotus nudus. Five individuals of a single species were
placed together in the experimental tank and photographs were taken at hourly intervals. See text

for detailed explanation. Vertical bars and triangles indicate the number of individuals which changed
position from the previous photographs, and those observed on the bottom of the tank, respectively.
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WIATHETT, AMEKE, LML IEMNTA2HEAE LN, F5 470 F = dEMICIE
BB 2 B 27205, BRI E A LD, 1Z& A EARMMEICEM L Tz (Fig.
5. TLEARXATICEAHFEEINS OFERITINZ TEB IS WERT R L2, 225
HHIDORFTE Y =V EAF = VA RXTI2EBLDEIFIFFRLETH 72, BEIEE LG
51 ~2ecmTIEF—ELTEY, ~EBBLZEGTALE 1TFMIZEH ST 2EmMER L.
—J, ¥FZYLTHFTCIIHBTEPBHIIIERE TH LD DD, AF =LA XTI L LR
EE L CHBE R EIN RO b e ho . T, REOBEIEEIZES 1 ~5cmD BT
SCEEL, HEBEICHEBEOBE L EIETHEDRT I LB SN (Fig. 6).
INSDITENNY — Y OFITICINA T, SKEY T4 TlX, —HIZDOWTOREHEE & %
BT 5 EDWETH o7z (Table 1). HFEEIIKEN OO, [A—EED H OB RH
CHBEIHF VL L2V, Tabb, 1 HEICERESRE L-EEIT2 HE b RilgER

TIME

12:00 18:00 :00 6:00 12;00 18:00 0:00 6:00

L I L L L. 1 I LA L L 1 [ L L L.l I LA L 1.1 I LA L Ll I LA L 1 1 I L L L.l I L 1L 1)
[ WDARK% I oArRK ] |
Omphalius rust:cus | '

Strongylocentrotus nudus

3cm/min
| |

Fig. 6. Diel activities recorded and analyzed using the television camera method for the topshell, Omphalius
rusticus and the sea urchin, Strongylocentrotus nudus. Five individuals of a single species were
placed together in the experimental tank and recordings were continuously taken with a time-
lapse video. See text for detailed explanation. Thickness of horizontal bars represents the average
speed for one consecutive movement.
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Table 1. Distance moved and time spent moving by the topshell, Omphalius rusticus and the sea urchin,
Strongylocentrotus nudus when five individuals of a single species were placed together in the
experimental tank. The results were obtained by measuring the moving trails recorded with the
time-lapse video.

Omphalius rusticus Strongylocentrotus nudus
Distance travelled Moving time Distance travelled Moving time
per day (cm) per day (hour) per day (cm) per day (hour)
Ind. No. 1stday 2nd day 1st day 2nd day 1st day 2nd day 1st day 2nd day
1 143.6 2570 21917 (2:11:30)  3.4764 (3:28:35) 96.8 1468 1.0094 (1:00:34)  1.3833 (1:23:00)
765.4 6710  6.6872 (6:41:14)  7.4717 (7:28:18) 3754 4122 4.2889 (4:17:20)  2.9383 (2:56:18)
673.2 55.6  4.4022 (4:24:08)  0.9164 (0:54:59) 644.0 6084  3.7894 (3:47:22)  3.9942 (3:59:39)

4020 4864 46319 (4:3755)  6.5367 (6:32:12) 3944 2870  3.1811(3:10:52)  2.2328 (2:13:58)
2618 2036  4.2777 (4:16:39) 34417 (3:26:30) 2574 2350 15003 (1:30:01)  1.6144 (1:36:52)
Mean 4492 3347 44381 (4:26:17)  4.3686 (4:22:07) 3536 3379  2.7538 (2:45:14) 24326 (2:25:57)

SD 2650 2435 15945 (1:35:40)  2.6411 (2:38:28) 2010 1792 14340 (1:26:03)  1.0620 (1:03:40)

ol W N

Y AEAFRONI. VI AT T TIETFHLT—HIZOE 4 ~ 5K, HEEICL T3~
SmBEHL, FFLTHFTTIE2~3KHTI~4mTH o7, MEOHEOMRGE H D

Omphalius rusticus

0
—

Fig. 7. A part of movement trail drawn from a video record for a topshell, Omphalius rusticus (S :
start of drawing at 18:23:11, E : end at 7:35:20). Open circles in the trail line indicate the
positions at which the animal stopped moving.
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Strongylocentrotus nudus

—_

Fig. 8. A part of movement trail drawn from a video record for an urchin, Strongylocentrotus nudus
(S : start of drawing at 11:01:52, E : end at 8:21:06) . The figure is drawn with the same plan as in
Fig. 7.

L, AV AF T T TIIEOTWICHEIRICEZ > TBY, MOTHEMETH LA (Fig. 7), ¥4 4
FH Xy = TIRERNTH o 72 (Fig. 8).

METRAL-EED, H—OADLRELIRT, ¥ LI F7=2ThbIMLTEH 50
Ho OB L ) iERICRAERPR SN2 00, HETEHD/ Y — >, BEEESL L Ok
MICKE2ZERBOON L, o72(Fig. 9). F-BEIHBS L kL Ny — 2R LT
R, B—EBIUOMEDREDOVWTNOEAIZBWTYH, EBREYWOKKOFEIIH LT
MR D o ATENIEBE I N R 2 o 72,

3 AVENHALUHFZEFZLTYX) _OTHERBAERICHTIER

KO BHWTH B EEY AT LAOBRIZOVWTIE, TLEN A TORMIC L Y TEIFEFTD
T2ODEMER EEREPRENICE E L EIEHITH L. KFFEDE B I 5 Eim O
WHDBDT, FOVATLAOEMMEBIERIHRBTAE LT, 22T, FIEBRFICLD
BoNITTAHHTEXFILTHFTZDITFHICONT, ENODOEYFHIREIZOW
THETOELEZMR .

LEOEBRFITIX, EMRATL-BWEH T ER2HE L. EREWIR L
TEIE, ZORMATOREDDIZ, RARBIZBI 2 EBOITE % EMISR L TV 52 IE5E
MTHb. L2LEDNS, RIRTOBMTHALRETREY 20T $ERZICEELAL LD I,
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TIME

12:00 18:00 0:00 6:00

L I 1 1 1 1 1 I 1 1 1 1 L l 1 1 1 L ] I L 1 1 L

Uik ik, I

Omphalius
rusticus

Strongylocentrotus
nudus

3cm/min

Fig. 9. Diel activities using the television camera when five topshell and five sea urchin were placed together
in the tank. The figure is drawn with the same plan as in Fig. 6.

R A G BRES T ABIICa Y ba— LV L a0 S BT L, #F0O®%RICEBKRE T
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AR DOIERNITEZRL CWDL L BENTH L. IV FHH AT OB FATENIRANE
B, ¥ LT7HFYZCTIEHFDEEINERIC R 2E@ARH LD DD, BHETII o7,
IV IT L CRMGIEREDOEH THEWN TS 2 7 7 EEHDOEATHIZ DWW TFEF (1976)
BB LTHBY, 7a7 T EOHAIIETNTHLSETOMMEZ ALHICHET SN THHEER
BATHEZR R L T 5 (4R 1988). T & 9 1A THIEME R 28 RO Hm T b HETTEIO
AR 5.

FEYLTH XY CTIIARERERLFE U L9 2 HEITEIO/8% — ¥ 2SHavakawa and KITTaka
(1984) IZ/RENT WA, Lo L, EMETH S IVINT 7 ZStrongylocentrotus intermedius
TIZ, 6000 IxPA ETH B EIiGEIEREAET L, TAUT TR LB TEIZD NG N
CEMHRE SN TV (Fun 1967). 722 2 T401cB5 <, AMOBICIZEMTH S L) Il
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BHHITH->ThH, WL SOBREIZLATHOEIEHEET LLEND L.

P (1980) 12 7 7 ¥ ORBATEI 2 8AUL L 72, #0h CHE*RBEICH» LEBETS [7E
7] B, EHICBE LARSEATLEBRRTWE, IV FAH 2 H TR BT
LTI, EFHITERMTH 72120 00b 6§, MALHBRICEER L ITHO X ) 128
SNz, ZoZEid, HEGEHOHRIZIEBOTEHRAPHEICET LT A I E2REL T
WA, SROFRERT— 5 2 HWT, [TEIOHEERE L O O 2 E{EO BRI £ Tldfrb i h -
7o73, EEREREAER, TEI/SY - EBEAULT A2 LI2XY, XD ABWRIXGEITY, H
WCHEATEI ORI R 8% — L 2 WA 20 TR AR L, FOTEIOFREMLLEDNH 5.

ML RELZHAETE, B—HOAOERZIZFECERI/EON, aL ¥y AT ok
FEYLTHFIZLDOMITME ORI T HAFAET L L L TIMO TEMRLOTHL I L
DM E NIz, L LadS, AT NIRRTy LI F Y 2ClE, H—-Foi
TH 5P EEMEE RIRINE L2561, MR s oFms & D RRBEI % MiGd 5 VIt
LT 2870 s N, HEMOREIZBW TR S IZKELRENH LI Eh s, IS0
AN TOMRTHAAAET 5 Z L g s nre.

KRV AT LOBMME & HBER

AF=NARAFTIZLBTET, REPBRITHNY — L EEMTBNELHNL I LN TEL
0%, TVEARATANDY AT LADYERIZEL Y, KT OBEIEM, HE, B,
TS — > R EOHA IR, BoNAT—y OB L EARBEMIZMELZ. X502,
MR IER L B R T DFTLIENTELDT, HEAEZRBCIAL L EIZY
RIS e O C, AT, BERER, B, M- AL CoEN - BNoOMEER
2L EBRTEXANEESESHL. TLEIATIIRALLERY AT LTI, fiaetrH—i
IVRENEZY—-TEX5L91lh-5T05, A 3ICLBITEOEILIC OV THRNL L2
IZDWTIRT TILRARA, TOVATLOBBHOBL 82 EZ 5 ENTELLIICTILO
FHBWES 2O T, NmTRtolle LITERE 2 EE T I LIk h, RECHL SO%EL
R DITEIORBLE OFREZ IS RAERICERIELI LB RETH A, 72, Kilk,
B FE, BOEL SIS LTH, BHRKERDOS &TC, TBIEROERNFTELTH
5. FIABONEM & LT, Burnon-Jones and CHarLEs (1958) (31145 45 o I8 IR FH D AT
BB EGZAEMELTEDT, HRIRERLE7 A VY —%2RETH 0L LT, 2085
FHRBLILEBURETHA .
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7 LT, BINOEE T E2%0.01 p B/m/secKiliTH - 7225, Z OMES % e EREN D IE O
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EERICE LT, oBHEE Y ZHOL { OB THELKATHEEZ RL TV A (FiE - K
BE)DOT, TOREOWHL SR E LTSN TWLEEZLNE. WTIZLA, K
EEETONGEM, BT RRRECORMICHET HAHL S TH -7/, RIS (1993) i,
raTIERY VY =BT 85 S A KPONEAET 1x10 " ¢ E/m/sec A T TH 5
ERELTD0T, METRHL SO B T8O 20 EY 52 T b it d
BETE RV, FFICHBREOA LTI, /MBS (1993)1E7 87 T DM L D 135012
B SOEICH L, BRI TAIEERELTWS, 202 L, oL — T
Lo TIEAPICHRBEOBMABRETALENH LI LRBELTnE, Bt KL 5 M
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