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Preliminary Observation on “ Tip-lip ” Attachment
in the Periwinkle Nodilittorina radiata
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Abstract: In gastropods, there are two typical attachment manners, namely foot attachment and mucous attach-
ment. Some littorinids are known to minimize heat stress by “tip-lip” attachment, which is the manner to attach
with dried mucous thread to minimize contact with the hot substratum. Spatial variation on the frequency of “tip-
lip” attachment was examined in the periwinkle, Nodilittorina radiata at two rocky coasts in Usa-cho, Kochi,
Japan. Shell length, direction of attachment site and height of attachment site might not affect the attachment
manners. Height of rocks was negatively correlated with the frequency of “tip-lip” attachment. These results
suggest two possibilities: snails acquire lower thermal stress on higher rocks and/or snails exhibit “tip-lip” attach-
ment more frequently on horizontal rocks than on vertical rocks.
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7 7 L %< ¥ ¥ Nodilittorina radiate \ZACHEERE 2> 5 MG E, FPEIGR, XM FAIESHA
L (H5, 2000), BHEMEGHEOTTRIBIMICALTLEHTHL. —RICHIFEFIC
ART A MEMBYIAETIE, 20 LR EENERERN (R 5 KR el —
FTHEREF L Vo EYHNERIZL > TOHOTREIFIRESNE EEZLN TV S
(Raffaelli and Hawkins, 1996). HAED X 512, IASE VAN AERT 241, B L WIEEERY
REBERICHT 2 95 ARk4 LR, £, TENZBID T ZITTnws LEZ 515 (Fraenkel,
1966; Garrity, 1984; McQuaid and Scherman, 1988).

TILITECRELOETAEMOY v FYETIE, BEEDARFTHBROBOE IO
ATODERT > THETE ECITEINS TS (“tiplip” attachment) (Fig. 1). Z i
B, MVWHE LICX s CBEONEBLOBEME PR TIIL L > THRIL B,
AITEHEEO—2 2 EZ 2 5N THEY (Garrity, 1984; McQuaid and Scherman, 1988), #®.1=
— 7 HMIEDS, LIELIEMELZ ETRASNT WA (B4, 1986; HiF, 1999). 7L < F
VI A ARSI H AT FLICEE B I b TEB Y (B4 5, 1995 Tto e al., 1998),
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B 2 ATKIEIFIRRILE R BV TR O
EHREA DKW % (mucous attachment) &
JEft# (foot attachment) 12 KBI$ 5 2 &A%
T&, SMNERAOBEHEE I TBECEEKD
HF|IZE - THEL B2 L (Ohgaki, 1988a),
26 A5 9 A ETH D, T
BRI RO BRI L D S T HIR 2
Z & (Ohgaki, 1981, 1988b), #tFixAKFED
DAHBOT HE»HHBEL, FHREIEN %
B TERIEEAE W & (Ohgaki, 1985a)
FHEL WL, Larl, 2T LB

Fig. 1. “Tip-lip” attachment of Nodilittorina radiata.

B 28 a0gElL, EELOHBRY, 2 To minimize contact with hot substratum,

NETIEREAEBI bR TR, the snail uses tip of its shell lip with mucous

RSN B gy g - to attach to the substrate. The snail orients

- i%it{{‘f%éi’ '\E”mdb L OXBLE its apex to the left or upward, and the angle
Fm &R ods, —ATELEIZEL 3L of operculum to the substratum is over 45°,

EEBPLEIPNRTVEVIIZA L BB
b L, FEERSHES S EWERICANE, BETLALEICEEITEN-TLE
IMEEMEE 2 B L, DF RV BTEIIMEICEVEFI CTHBIIBI bR TWwWADhb Lt
v, Fh, —RICEHORBEMMEIE KoY A XTRL > TWAEDOT (Vermeij, 1972;
McQuaid, 1981; Garrity, 1984), 2 F R HTEIS F 726V A ZEFHRITE 2 Oh b Ltk v

TEIAERES CIBY OB OITENR & 1 9 2R T, BELGCEREICL L gy %
RAHZERGLTELRNRE (decision making) &) HEELZHW A (4%, 1990). Z O H:EIL
3L ST B TEHRNI HHEBRL TR LEZ LRI EOATHYONE
bIFTIERL (bokd, YooY ERY L OMPITEDLTIEE Y (Humphrey, 1986)), s
BEZELLSEBICEESNTHYONEDLITTH B, flZ2i1E Kasuya (1983a, b) 1, 73
HNFRFEE LT, BICEF > CT2/MEEPOTLY, BEBENTEHTLI N V) EE
PEEFEL T 5.

AWFETE, DFLTLBTHCHLIBEERENEE LTSI AERIIOWTELRT 20,
BB TED L) BEEIEDO L) BRI T F R BT8R LTV 5005 FEL .
BT 2 FETLTEHEBIZIOEER, R ACLoTRZ-TWEDOD, (2)D
FRT BITEOEE X, SEEOMNEEFTOFMICL > TRE>TWAEDY, Q) DFETHAT
O IINERTOEEIL o TR R TWADY, D3HIEEEFLNTTBIho7.

M EHE

FAEE, BMEL AT PRETREOE L HROEMERIIBWT, £1-2N20004 8 A12H,
20H DRI S F B 2BICTTB I ko, AEOEIZWEICHEL, HRISHEEOLH
DHERETHY, EEIIEL L OWHIZI/NOEANFHAEL TnD (Fig 2). 77 L ¥ 7F UL
HAELIZOASH L, A FEREICEBRESN o7 T, HRIGERICELTBY,
TILIYFUIIEROFELRE (H3640cm) (S EESA LT, B4 1w B iR
POKHTH Y, EMEBICB A THELNILFNEN10853550 L 118565, BB L FOTmE
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13140 cm ¥ 190 cm 72 » 72,

1) 12, 15em X 15ecm OF Lo LC4m (B, &, &, H) 1#ETo5 5 A
IZRRIE L CRERON B 2 eE %, RELTHESATRELNE L. T2, HRTIHE,
FERBE L SN, IR L VI E T 54 DDR LA KE SDHIC (Table 1), 30cmX50
em OF AR PR LT 2500 (B, 8 10 1T ORE L TR EAOHERER 7 L%,
BREL THESHATHRESME L. BE250em (2203208 (st. 4, 5 6) TlEHF
Bed30em AL LTHWR, —F, #7
BE (PR1, 2) &b K&kl (st.7) TEH
FEEDS0em AEHEE LT, MEH»S550cm
(Lo) &H#uEAH 550em LA E100em PLF (Hi)
D2 METRKOFE, RETBI ko,
WROTERECE, xS rRELSE
BETTFHLTEY, 7oLy XUiIwsk
LizgbifE L Twi, 2ok, BTN
# L CWARR (foot attachment) 1138 &,
ETORFRIIEZHL, &8 LIHME TS
L Cw 7 (mucous attachment). < O¥5iEfS
FEOEEE S 512 4 OO BRI HIT 7.
(1) 2 ¥4 5 (“tip-lip” attachment) @ & fd
QLT OF IS $ 5 M4 Rl 2
FEpoEE L L&, BRI L CERTER
DM, HEVEFRETARODE LE ko
TV AERPZHODIHEHEOATHEL,

COPNZEAEE» DN TNE. BOfFE
mME&HEOFELOMEMSEL L2, BHE
HigE+ 5 2 L CEMVHETEE (Fig 1) 5 (2) Fig. 2. Study site. Upper and lower photographs

7% (normal attachment) : L ¥{7s & IS L are I—no—shiri and Goshiki-no-hama, re-
spectively.

ol BRI UTRES G (Fig. 3a),

Lateral view

Fig. 3. Three attachment manners of Nodilittorina radiata; Normal, the snail orients
its apex to the right (a) or downward (b); Precedent, the snail orients its
apex to the left (¢c) or upward (d). This orientation is the same as “tip-lip”
attachment although the angle of operculum to substratum is within 45°; Cre-
vice, the snail position within crevice and cannot freely change its posture (e).
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Table 1. Characteristics of stones (st.) and protection wall (PR) at study site.

Rock
Height (cm) Around (cm) Maximum Length (cm)

Goshikinohama

st. 1 113 737 245

st. 2 50 881 260

st. 3 38 465 188
Inoshiri

st. 1 36 143 43

st. 2 33 330 135

st. 3 52 309 103

st. 4 160 890 354

PR 640 — —

BB VITEF L 2B L CRESRIHROOET & 2o CTWAEET (Fig 3b), ROEETE
CELTWA LIRS ; @)2F%ubmie (MUT, 2 hE) (precedent) : ABIIOELLT
OFEICHET 2EEEHEEE I LHP OB 20 &, B0 L GRIEF M (Fig. 3c),
HBVIIRERIBEOOE L& %2> TW5A (Fig. 3d), #OPREAHETICHEL TV AEHK
arte, —EHOBARIZHS ISR OIMEE O A THE L TWA DS, 35T & %0 f i AT5H L
TFTezoTws; (4) 7 LEAP (crevice) : (FEHMAICE DY %2 {, BARICHEHMOLE
PR EEZ LND L) Vs L EAROMEK (Fig 3e). 2827 LY ARMERAEICELT
i, REETIEEbD b o7

WREEE

&tk E DRk 4
DE WM ESEENEIE T AEER
D, DIV BIIE L EEAEORHE LR
B2 D% RIS 5 720, BRI
O F A bEAEE L o F WEHEAERO BRI
DWTIRHT L7, #ipg T8 OB BN OHERE
F—E T % (i), BEMARICHT S
2D F Fv B L O F A RO LEICIE
EOHEPEO LN (=26, r=0.797, p
<0.001) (Fig. 4). 2 ¥ bidgL >FwHe
HEDBEND, BELEALOAEZTTHLZ
ke, SEBONTHREZELHDEL L, D

FRE I DR BIFE LEAENEOFH
N Fig. 4. Relationship between the number of
£ 7?- JU ke
i 7% B E%K b, . o precedent attachments / the number of
DEFHRULEODEFMEEDENTHLELIE normal attachments and the number of
DFEDORERHEIZHS 2Tk, ZEEkDS “tip lip” attachments / the number of

. o . normal attachments. The equation of
EISEA0 1212 & JE LTV B THEE & & B 4%, the regression line is y = (()1.29579 +

HELRBoOARITREBRERE, Bk EOWEm 0.75451x (r* = 0.635, p <0.001).

Precedent/Normal

Tip-lip/Normal
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FERICE > THRESNTVATREM GRS 50
TW5., AEOPEMNEIERTHEED
PHEORESLSENFFH L TEBNIcB
ehihbdbobdd, SMEsEREL Ty
BOEBINIT T 2R EAOH PO ALV Z
Ll s, oFkubEoFAEELE S 2D
O ERRNIE, FUEERZOHRELON D
Ltz vy,

Precedent

3
X
i
Y XOH® E
RO & H R TRE S B F é 3 4 5 6 7 8 9 10 1
B4 X (RS k2 hens36 (L48),  © T
D
534 (1.10) TH Y, WM THEESZIIR g
»o 7z (Mann Whitney U-test, z= — (.91, 2

p=0.36). —7F, KRBTSO FRTE,
DERE, EEOEERROMEHE THEY
AZXRWE LA, HARTIETHEEELR
o fz0izxt L (Kruskal-Wallis test, H =
2.69, p=0.26), HEDETITHEEIHD
7> (Kruskal-Wallis test, H=7.27 p=
0.03) (Fig. 5, Table 2). L 2> L HEDETIL,
B I L CEMERNOMBIKE THEY 4 X0k
EEIFE® 51T (st. 1; Mann Whitney U-
test, z= — 1.91, p=0.06, st.2, 3; Kruskal Fig. 5. Shell size frequency distribution of Nodi-

. _ - httorina radiata in Goshiki-no-hama (a)
Wallis, H = 3.00, 1.79, p = 0.22, 0.41), 3> and Lno-shiri (b).

Shell length (mm)

Table 2. Mean shell length (mm) of Nodilittorina radiata performing each attachment manner. Kruskal-
Wallis test was used as statistical analysis except for st. 1. Mann-Whitney’s U-test was used in
st. 1. * mean significant differences in shell lengths of three attachments on each sample.
Numerical value in parenthesis is standard deviation.

tip-lip precedent normal total H P

Goshikinohama

st. 1 - 7.06(1.01) 6.00(1.62) 6.10(1.60) (z= —1.91) 0.06

st. 2 5.80(1.36) 5.53(1.55) 4.91(1.08) 5.17(1.26) 2.99 0.22

st. 3 4.64(1.03) 4.51(0.96) 5.05(1.27) 4.68(1.06) 1.79 0.41

Total 4.81(1.13) 5.13(1.44) 5.60(1.54) 5.36(1.48) 7.27 0.03*
Inoshiri

st. 1 4.96(0.69) 5.13(1.08) 4.43(1.17) 4.93(0.97) 1.71 0.43

st. 2 5.38(1.09) 4.69(0.97) 4.67(1.12) 4.96(1.11) 17.52 <0.01*

st. 3 5.14(0.72) 5.14(0.75) 5.24(0.76) 5.17(0.74) 0.27 0.87

st. 4 5.86(1.42) 5.57(1.49) 5.33(1.08) 5.56(1.32) 2.54 0.28

PR 6.36(1.10) 6.02(0.88) 5.77(0.84) 5.89(0.88) 4.86 0.09

Total 5.44(1.11) 5.23(1.11) 5.33(1.05) 5.34(1.10) 2.69 0.26
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OHERROKNZ CBEIT LI A Xk T 5 LABE A 57z (Kruskal-Wallis test,
H=30.91, p <0.0001) (Table 2). &5, ERHEFRKXNOHEELBAMTHREILRZ > T2
DT (thik), AROEEETOZNEFRRBEB CORY A XOFEEET, GTLOEIFAX
DEEZL WAEONEFRNEEOFEEZELRBL-b0EERz oL, —7, HHTLEZ
LItk DL st 5 TEMERROMEE THY 4 AICHEEPED LN, FOMEIE, 2%k
THEEIREMEEL VD REVEVIERITH Y, 2FHTLMEOFIF/NEVE VI FfM
DWLAROMIN & 1372 o7z, ABOELERC, oL TIREFEROBER THY 1 X
DEBEZIALNT, BT OEY 1 RIZEERBEVHH - 72 (Kruskal Wallis test, H = 67.96,
p <0.0001).

ARETIE, YEPSAEOTRIZOAT I ERTA XTI N — T TG MBERL S L)
B A AOZEMERDHE SN THBY (Ohgaki, 1985a), 4 HIDFERS ZHIZ—FHT 5. LT
SRE LTI, HEEREEBT A ZOMIC—B L72H0ERD b vz, KFERIZBW
TT I LI vFEDORFERRIAT A XPHE LTV EBEII/IEVwEZEZ LN,

fEENETHER

FROEL FROMMIFE G BEFEABEEICIIEELEND Y, FROFEIOTET LER
OHEENE > o7 (Pearson’s X Ztest, ¥?=26.83, p <0.0001) (Table 3). = HiZHHDOH I
WhH7-VDFN0I, TSLITXEIEoT, DERIHBEOWHICLEZET YA Z7H/NE
Wb Litkwy, L2 L, SEORETIE, SBcBiFAailS3ms 5T
Bz, B512, Tk IcF—#EAoMER T, SMHERREZERHE L QW EHROHE
BIIEBICEL > TW-DT (Pearson’s ¥ 2test, ¥2=170.31 (AtLDUE), 73.53 (HRA), p <
0.0001), 4 EOMIFEDEIZ, F ¥ TIVEHBD VDIl 8 - TR S N TTEEMEAEE T &
v, WHIEEEOBVERLA720ICE, INELDMEOT ¥ BUERESLS.

—%, BEOEDF—OHICBITA 4 FMETHERRZ KLz 25 (Fig 6a), st. 2T
BAEEEFALR, IO L TELFNOEET2ERE b E D FTWERMAKOEEN P72
(Pearson’s ¥ 2-test, X%=19.20, p <0.01). M LOBFZFZRE LN R o 7205, FEROMEN
it st. 3THERD SN (Pearson’s ¥ test, X2 =11.44, p=0.07). Lo L, FOMEMIT st. 1

Table 3. Number of Nodilittorina radiata performing each attachment manner.

tip-lip precedent normal total
Goshikinohama
st. 1 0 7 65 72
st. 2 4 11 25 40
st. 3 23 29 15 67
Total 27 47 105 179
Inoshiri
st. 1 11 13 6 30
st. 2 68 59 44 171
st. 3 49 32 31 112
st. 4 35 31 47 113
PR 11 32 84 127

Total 174 167 212 553
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TEHELHED NP -7, HRTO2 HAMOLETIE, st. 5, 6 CHELERIOZIT 55
A3 LT WA £ 5 OSEE A EICE  (Pearson’s X “test, X% =11.59, 8.39,
p<0.01, =0.02), st. 7T, MELSOEIZEHLLT, ROKWHOEH IS L THiz
BROFH S0 F 4376 OREEIHEILE o7 (Pearson’s X Z-test, p = 0.001) (Fig. 6b). Hhir
o DR S EAFEFRAOBRICOWTIE, #EREED PRI TIZEWEBTO D LTS OHE
PEEILED o725 DD (Pearson’s X 2-test, X2 =6.89, p=0.04), FEFBEOF) 1 HiH & st.
7Ti%®@ﬁi%mt%&#ot
CHDEH, FA—DFEICBITADIRTONEFORHETOERHMERN S L LIETHLNTH
BH, AERELLFMESESIZOoWTIE, —BEMod sEmizRwET t#f%&#o%
m%ﬁ,E%tbmﬁﬁéﬁﬁ%wwﬁﬁﬁﬁﬁﬁﬁ¥%x5%@cOw , EmN T,
ﬂblﬁﬁﬂm%ﬁ@t%ﬂ&ﬁﬁ#%%t%a
07 : , e EOBS LABEMKOBICIE, HBEOELHF
A fﬁﬁm% AMEREIBNT—E LR ERWEST I L
WBCE/z. Fig 7d&Hos0omsLoFE
YHMEDOHEOMBRTHL. EELELDHETH
DE R BEOEENE VOB NETH D,
HRTHEOESEDFETLEE =57
=0.975, p <0.001), #LTHEDESLDFE
SHEDETREOTBRA OO L O

10

w0

ﬁ WAEELRBOHBEIBD LN =5 r=
= . .

£ é a 0.967, p <0.001). —7J5, EARL7-LIH1Z, F—
gGFBLRFBLRFBLR

2 St 1 St.2 st.3 1.0

S e — - — ~ o Tip-lip/Total

3 (b) I AL AR O R G = Tip-lip+Precedent/Total

g

=3

4

Frequency

0.0
0 200 400 600 800
Height of rock (cm)

Fig. 6. Number of Nodiliftorina radiata ex- Fig. 7. Relationship between the height of the
hibiting three attachment manners on rock and the frequencies of “tip lip” attach-
each survey point. In stone (St) facing ment (y = 0.41514 — 0.00052x, r*=
seaward, its front (F), back (B), left 0.950, p <0.001) and “tip lip” attachment
(L) and right (R) sides respectively + precedent attachment (y = 0.76449 —
were surveyed. In the protection wall 0.00069x, r* = 0.936, p <0.001) at I-no-
(PR) and St. 7, low (Lo, 0-50 c¢m) and shiri,

high (Hi, 50-100 c¢m) sections were
surveyed.
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DEDRL DESTHERRN 2T L, BB 0TV bNEOHENEL 25
biFTldiwv. Thbb, HEFREERFD o LOREHKOBEITH > T, EBHOS
ST L hror.

DEEIETHOERRECEADIER

LSEFAE LB T, WO BIBCERSHET 2/ THY, 75173k 5
TEHEAPSERICEENICBETAZLEBLWEEZOND, 0L RBFHTE, 7TV
Y F IS EOERCEYBMET A LIk b A9, /-, KBIVoASTEHR %
S THEFEELTLEZAE, ROHHPHE Lo TENRIREWUSL T HEEETE
T2 L3 CEARV., THbLENEs TWIREFNT BHICHAE TR S L X2, ko
FRBICBITANEFRTRE L2 ITNIER S .

SO REMEEIHELE, TTE—I, FAEOKMEEDS, FEBHELoTVBEED
REZEICHETABRICESVT, 2FETHLCHTAEERELBI %> T AR
BEIND., THOBEEREIEEOER BB FEEL25252 L, FHEWTELEA
A (Cuthill et al., 1990; Collins, 1995), EZFHBHW THIL{MBN T % (Eright and Shanks,
1993; Serra ef al., 1997; Rovero et al., 1999). EHIM BRI TR {, FErHE, dHVIEE
PHRE Vo BN LSRN OREEHY, FEIIBTL 22XV EOERREICEEY
B2ZTwATEREDD LS. b LIOERSE LT, SvEEEVWEORELREN,
BEDOHEPHLL, LYV DIIRSEREFSVWETEEINE, £/, SallfidE L TwizHE
EEBERWVEICBHET 22 COBMERT T4 % 01, ZBEEEIBEWIITOLITORESICE
bEl-EFREZBIRY, 20%, FILVEHICALEEEREE TS L) 1Ib T
END., BEELOBRBIIEENER SO o TNETLILERESLEEZLNLTD, 20
RISV BFEROBIICE@L R b HO*ET L EELZOND.

b ) —D2DUREMEL LT, BEDAEICHTAIRRFIBITONS. 4HORETE, BRED
SN AEIRCE LD S|EIGEY (IH, BANZELZ). 771773 CI3EMPEE
DDA AED 5 VIIBEHOEE R B Z &) 2 (Ohgaki, 1981, 1985h, 1989), BEy
LABICECAELZRBL, FOEHNLAEIQLRLP 2 EEDFRIBET ALV HH
BL—NIZLEDoTWADNd L\, Garrity (1984) (X, ‘S0 EIHEE I KT ISE W
BERERERL EOREREPE LD, BRI T A OWEERPIEL LA EEZRL
TW5a., L72doTC, AEITERVRESFORL IOBEL L THILFEINL)TEHL LE
Aohb, HEI®LL,EV) Z LR, DFRIBREEKICE > TREEISAEOmKRA
FEAVPNS VI LR L TWA, AEORBIIEESILICHXTCHEHBEBETNEIND L EZ S
NBS, TOMFEASELIFIE, BB LBHEERICBVC, Ty vFidd Tl
WIEHNCE L BEREE T4 L9120 b LTFHINS,

LAaL, EOAELT CEAEIECRTOoIRTBTHE2TAIER LI 20w, 4
L LS DOEET LR RSAT ARMCE R I, REBSCEOREIDEELLOEER
FIEELRIZLTCWARESL). T, BIVREOMOREEROEELEZLNL, K
HOEMAIL6-8HTH Y (Ohgaki, 1981; 1988b), Z OHIMIZARMED D F 5657 HATE A EIEE
SNBHEMLIEIZ BT 5. L72doT, DRI BTEIEINEICES Lol 21k E
LOEHOTHTHLTELE I E - Cnd. AEOOFET LITE*FI SR ITERBHT
B2, AREOFED EOBZEBA S — VTHMIGAE L BN EREB I 2 ) LESH L1259
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