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Relative Growth and Development Processes of the Statoliths
in Octopus vulgaris

Hideo SAKAGUCHI'

, Akira ARAKI?, Ayumi NAKAsHIMA® and Akinobu Nakazono*

The relative growth and development processes of the statoliths in Octopus vulgaris were investigated from specimens
collected by small beam-trawls and octopus-pots in the northeastern area of the Iyo-Nada of the Seto Inland Sea, Japan,
from May, 1995 to June, 1996. Eggs, their mothers were identified as O. vulgaris, were cultured at the Ehime Prefec-
tural Chuyo Fisheries Experimental Station in 1000/ tanks under flowing natural sea water conditions and the hatch-
lings were collected to obtain their statoliths. The shape of the statolith in adults was like an oblique circular cone and
the nucleus was shaped as a dome on the top of the statolith. The statolith of hatchlings was egg-shaped. To calculate
the relative growth, 1101 pairs of statoliths and the ventral mantle length from adults were used. The relationship be-
tween the statolith length and the ventral mantle length showed a break point at 80.0 mm in the ventral mantle length in
males and at 70.3 mm in females. It is possible that the statoliths of the paralarvae grew concentrically during the plank-
tonic phase because the nuclei in the statoliths of adults, nuclei which are statoliths in paralarvae, were larger than the
statoliths in hatchlings (Mann-Whitney test, Ps<<0.001), and the statoliths changed the direction of growth in the vicin-
ity of settlement. A growth model of the statolith was drawn with allometric equations between the length and height,

and the length and width in the statoliths.
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ICTFETHEEAIILDEN L UEBINEE 4 2HL
’CL‘%) (Young, 1960; Williamson, 1995; B X}, 1995; #HH,
1999).

2 A IFBAED & T A5 ﬁTfﬁ%)’”’[i) EOhIEns
FORBERHFFHIZDONTIL, %uwwzﬁm%wﬁum

@ﬁ%%ﬁ@@@ﬁ%ﬁ@m?#bﬁméﬂfkb(@H
{£4, 1963; Mangold-Wirz, 1963; Nixon, 1969; Guerra, 1979;
MH, 1979; SRENEA, 2000b; Sakaguchi er al., 2002), B
ERHFMIIBET MW ARBEIE s Cuan, TEEE
®¢%7Wabfﬁ AL E 2 R T & 2 el %
FLTW3, 205 BHERIZDNTIE, & 2FHIZEE$ 561
FRIALONENWEDD, I+ 3I =27 F 74 5 Moroteuthis
ingens CEMBPEHE L TORFMERREZ A TS
(Clarke, 1965). L2 L& s, FEMIE, 8 & 2EHA
£ ‘F@ﬁ"éﬁ\%ﬁ?a‘o BhREERPEL LTEMEEZFA TN

CCTPEEIZBIL T, B4 A IS OO TREN A R
:Fo cLU‘f.I WAk Inbh T, MOMRIZERSEICH X
N T3 (Clarke, 1978; Clarke and Fitch, 1979; Clarke et al.,
1980; HHH - FESE, 1980). /-, FMEHOHAIZH OIS
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&9 BRI A O EIC S HFET 5 2 L R
NTHYD, 20 A A F Todarodes pacificus 7 EFED Y
AAFTIEHHEROFELHS 22 &N T3 (Dawe ef
al., 1985; Hurley et al., 1985; Lipinski, 1986; Nakamura and
Sakurai, 1991; B X, 1995).

EIARFAHIIDWTUL, a0 RICHET 55
MAEWZEL B Z b T3 DD (Young, 1960; Vinnikov
et al., 1967; Budelmann et al., 1987; Williamson, 1995), F-{ff
FORGELHREERICHET 230MIE, v 42D FlHEE T
DHEY YAy T L Iz kA RRE U GR A d
:@otm%(ﬁmﬁ#,mmﬂ®$ K&%h%@
BTHD. LizhioT, Sk, & DA ERZE
&LTﬂWT%#Eiﬁ%@M?%M%ﬁ@%.Amm

, FERICE T 2 ERIEE L L CoREFMEOBEN Iz T,

A BRMRE LT A aDFHEOREBELAHL ML
7=,

qEEFHE
FehFRACSTIZ & 2 ALG AR FM A f & O EIEF- IR
MAFRT I B 5 R EESEMEMLA IS B W T (Fig. 1), /DS
CEfB LU IDFIC kDR a5 T4, 1995
FsH»S 1966 A TOR, FHl& LCHEA 1E$D
mkbt.mﬂﬁwiﬂt$bﬁ%ﬁéhtvﬁ:i 1
Mz D% 9~45kg FARMALTHEA L 7=, 722 DIF 12k bk
BEnlzvxald, RERAE T3 1B D 2 20ke BE
ENBHALTHEA L, LGl CldlimE o EE IR T
WA EDDHMN S 30kg FRE A MIERICHIL L THEAL /2.
L ONEE S dF m%TﬁW FNTUER O & I & 5 568 {lfk
B LU DIFIC & %36 KD AR 936k T, LM@
W NR O E I K B 279k B LU 7= 2 DIFIC &L B
148 (R DEF 427 (HA T & - 7z (Table 1).
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Map showing the study area in the northeastern Iyo-Nada of the Seto Inland Sea, Japan.

v & K U TERRE KRB SR A
ElmE MERE, SHERRRIHBE TOREX) £
ET B E & BIT, IR A R UMERE 2 FIBI L 72, RICEE
g EUREL, WMT% kG Vb B (Fig. 2) @
s, SEEARER L, RO L2EERIE, BT
m5(%%m05%a%%ﬁéﬁtwé,fﬁz%/aﬁ

BRI E LIRS L. Bl EE, TR
Lo TsofgiziE kL, Wfs b —2ALkKk, 7944
YERHOCTHREE T 72,

T/, SMEHEFOEHEREE S 72012, 1997F2 56
1998 £E- DRI, BFAL =M~ & 2 6tk (EHkET771g,
REHIH 294 g~2318¢) % PP REREFIED 1000/ B ER
UI%VV$WT1@Wf0@FL 6D SLHEIF % 15

CFERERLY U VIRTRIZERET 50T, SEHEHTE

70% L% ) —LTRIFL, BH, EERBEHRET TEHF30
il R D> 4 fH L, MEASURESCOPE (=3~
MM-11) #HOTHREMOMEE B I A7,

- 1540 O W TE AL AR T RIS O RIS O R 1E
i h R (Fig 3-a), &+ ElAlE (Fig 3-b) & L7,
/o, FEAOEREIZSH S F— LR85 &KL L, K
i 5O TS E TR X 2 A S (Fig. 3-¢), BOD
AR & BB (Fig. 3-d), RKIREHIE (Fig.3-¢) & L7z, &
{LHEF O IE, RiZ& A (Fig. 3-), JBEL P
Al (Fig. 3-g) & L7z, & 512, BiKiZH T 2 FaOK
i, MO REEGIIEE T LZALNOT, TOZ
EERIHT DI, MHORELL U AE X EHIKL
7=,

B R
< X AR I B FEAOFIRE, KA EENE O
FHHE TS 5 (Fig. 3). FIHEEOEMIZEOEFEZEND
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Table 1.

(@]
RIEH)

{ER =2

S, G

Number of specimens of Octopus vulgaris used in this study. Parenthesized numbers include the specimens

which were not used in this study because their statoliths were abnormal or broken.

Hojo Kaminada
Month Small beam-trawl Octopus-pots Small beam-trawl Octopus-pots
Male Female Male Female Male Female Male Female
May 1995 22 (25) 25 (27) 13 (15) 7 ( 0 (16) 0 9 0 (7) 0(7)
June _ — — — —_— _— — 0 (37 0(21) —_— _
July 18 (23) 26 (30) 10 (12) 3 (10) 21 (25) 8 (14) — - —_ —
Aug. 24 (27) 30 (33) 16 (18) 13 (14) 15 (19) 11 (12) —_— — —
Sep. 28 (33) 18 (23) 15 (16) 18 (20) 28 (31) 7 (8) 5 (7) 20 (24)
Oct. —_ — —_ — —_ - —_— — — —_— —_— —_— —
Nov. 44 (45) 31 (33) 20 (21) 9(9 17 (21) 8 (10) 13 (15) 8 (10)
Dec. 31 (32) 17 (18) 14 (14) 10 (1) —_ — —_— 12 (18) 9 (9
Jan. 1996 16 (19) 13 (19) 14 (17) 5(9 7 (7 8 (O 15 (17) 3 (3)
Feb. 18 (22) 9 (14) 14 (15) 7 (10) 0 (13) 0 (6) 6 (0) I (2)
Mar. 15 (19) I (1 16 (17) 2.(3) —_— — - _— —_ —
Apr. 14 (19) 21 (24) 25 (29) 17 (19) 6 (6) 4 (4 —_ —_
May 17 (18) 18 (28) 26 (26) 9 (10) —_ e R —_— =
June 15 (16) 19 (20) 28 (29) 20 (21) 7 (7 4 4 14 (14) 8 (9
Total 262(298)  238(270) 211(229)  125(139) (182) (97) 65 (84) 49 (64)
Dorsal /"—"‘\\
i Right ;B \‘
I ' .
: S '\\ 0—_61 f H
Forward <----- :;:"‘ ----- Q... » Backward \\ /// b
' v
Left Ventral
a
ca
Figure 2. Left statolith seen from the lateral side. VML, ventral
mantle length; st, statolith; ss, statocyst sac; sc, statocyst cav-
ity; ca, cartilage.
d
e
N — LR =G VE A A ASTENH T 214
! K& L7l D, AERENTeeE 508 Figure 3. Size measurements of the statolith in Ocropus vul-

FIMESD &1 HEIEN$ 2 2 LA TE S (Fig 3). Tl
TN HEo B A iz, R A TEIN S m i TEE & h
T3 (Fig. 2). EfiAokE S@GAERLRIZHG LT
WA EIIZRABH, HokE RN ERLGRESCTEHAR
RGBT, ZIFEOLSIZRA B (Fig 4). £/,
EEEOHZIEMHE B ELIBRE L3 OMNEH 6N
7= (Fig. 5). SRS (BE793 (@&, 570 ) |

~—l|
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garis. Adult {lower diagrams: left side, frontal view: right
side, lateral view): a, length; b, width; c. height; d, height of
the nucleus; e, width of the nucleus; Paralarva (left upper dia-
gram}: f, height; g, width.
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Right statolith Left statolith Table 2. Results of a Wilcoxon test for the right statolith (nu-

cleus) and left one of hatchlings in Octopus vulgaris hatched

out in an aquarium. Wet body weight of the mother was

2318 g. n.s., P>0.05.
Figure 4. Frontal and lateral views of the right and left sta-

A

Mean=S.E. Range Wilcoxon

Nuclei N
(mm) (mm) test

Right 30 0.0919+0.0005 0.087-0.096

Height n.s.
. Right 30 0.0770x0.0005 0.072-0.082
. Width Left 30

Left 30 0.0921£0.0004 0.087-0.096
0.0763%0.0004 0.073-0.082

/
()
A

57917

W5, BELEZSNGFHEROMBEIAE, HEOGHN

toliths of the smallest, the average and the largest Octopus Wrfa A 3.7%, FEG a4 2.5%, OB RETG A 1.7%,
vulgaris. Left side: frontal view, right side: lateral view. A, KHIEERA35% TH 7=, Kk il b O

the smallest animal (male), 42 mm in ventral mantle length D K (0.07%) DATH - 7-. WIROEEIHELUZ
(VML); B, the average animal (male), 91 mm in VML; C, the DFNIEHFIZE L, BMENKELED (Fig. 5-A), /hE W

largest animal (female), 160 mm in VML. &£ D (Fig. 5-E, F), BLUHBEAAZ L ED (Fig. 5-C), /I

XD (Fig. 5-B) AR 6N, &7, REOBRPTRAL
7= 0 (Fig. 5-D), #HHEOTESLL 72 Mzi’#& ZIERE B
L7840 (Fig. 5-G) MR oIk 22T, LR

T, EHWThr OFEaOBIKA ﬂﬂw; :Eﬁé';{f',&fﬂf*
Fo & ORI & Ao 1R R L S B D A B L AR A B
rlEe39 ik, Mide2{fk, AaF1101{HKk CFERET7Lg,
(REE G 56 g~3287g) O Py &G & L7z (Table 1).
K Rzt SRR A B K OTREREIZI DL TIRK
W& Lot

SEHETOFSrE, BADO DL FER P RED , R
f@ﬁﬁ@l}ﬂ””% LT3 (Fig. 3). THlilyiz, (K 2318g

DA ’l‘ifnt«\nﬂjf fF1#EC>WT, & 110)5I7~ff}?ﬂ:’i<7)
FRENDH D2 E D %, Wilcoxon D FF AR
TELZ J\ V) Mﬁﬁl BIho=h, Frts, Firalke &1
KL A2EEHITASNE N 57 (Table 2). FZ T, fib
UDSHY SOWTUIEIE A 0 & & JTE U 7.
BADTEHRICE T 2BOEMKRE
53CH<0)5F'{1"H'1 IhAME B L UMIEE, TR RIZED
59IEIE—ETH > 7 (Fig. 6). LT, M Z/M'Ulﬂw”ﬂu_
Levenei“f/l‘_% TS @’fffﬂi BIlhomR,
3T (P<0.05), FEIRIE A AH (P>0.05) & il &
hf:. FIT, BEICOWT, MEREN 7R OIS E I E
Whld @7) ESnk Bonienoma)é gL E A O TR
B L7z T2 A (Table 3), HEDEHIZDOWTOAEREENMA
Figure 5. Abnormal statoliths of Octopus vulgaris. Left, frontal 4, S CE0.0995mm) A& (5EX0.0980 mm)
view: middle, lateral view; right, medial view. A, female, OB HEIZKE e (N=639, P<0.05). g1z 0T

60 mm in ventral mantle length (VML); B, male, 61 mm in
VML; C, male 77 mm in VML; D, female 84 mm in VML: E, {3 Kruskal Wallis $5€ & F U TRIBRDME] & F6 2 & - 7243,

female, 88 mm in VML: F, male 120 mm in VML; G, male, AEZERALNLE D 572 (£>0.05).
124 mm in VML.
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Figure 6. Relationships between the length of the statolith and the height and width of the nucleus of Octopus vul-
garis. Broken lines indicate the average values of the nucleus data. Numerical values are given as the mean=S.E.

BAEDEERICH T 58 & MEMTFOFHROLLR
RAEDEMIEE R B B HOKE & & SLHHTFOHERT
T DK ¥ X % Mann-Whitney ® UBEIZ & D L 7=
(Table 4). FIARD PRI I 5 FIEEEIE0.0993 mm,
SALHEAT O B R 5L 0.0915 mm; KADFEHERICE
3 S REIE L 0.0840 mm, & {LHEAT O S ¥ SRR
0.0756 mm T, KD FHRIZB T 2D H B SLHTO
SR & D B ERITKE o 72 (Ps<0.001).
BiEOHEERRICHT 2 FHAROBEF

WEBEE L EEDOEEGROBGREMMEN, 7o b
) —RABONTRD 72, HRREE, ZREEEEIZED
JHERy, B AZIZ LD, HEAMETEMHTS I LA
Ho, ZHTuA MY —EEHATIMEELOLND
(Teissier, 1960; EF - #ig . 1981; AFF, 1987; WENEA,
1999). % Z T, kD4R IZONT, ROFGEIZE

DRSO FRARE L. 9, SEELOE-FERE
B (Fig. 7) 76, ZREAEIET 2R S 5 & #
ZONBIEETES 65~100mmOFEHEIREL, TD
G EIE AR, A 2ABIL, SEIEDTOR
BAFOAERR (AR EZhkbhkEnitlz vk
HRER (BR) 2R, ZOFEEE FEEE Iim T
OELEX B THDE LB Z AN, LT 02400 % Rl
ETHAICAREBROZEALMhAE Lz, 2720, &
) DAER EEVEAL, AREBROZEA (X
M) A, AEECRLEVHAAEERRE L. () AKX,
BB L CHHFIORDTRTIZHEENADLND (AN-
COVA, Ps<0.05). (2) AR & BROZE (ZHls) 2%, o
HE e AE L OFHNCSH 5.

fEciE, AELEETRO 2EFRIZ R T 2 ERETF O A
stoHERE 2 5 FINT L T, RIS A O iR & B 125t
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Table 3. Results of multiple comparisons, Bonferroni method,
for the nuclei of the right and left statoliths in adult Octopus
vulgaris. *, P<0.05.

Difference Standard

A B (A—B) error P
3 Right  ?Right 3.070x107*  0.001 1.000
& Left 1.524x107"  0.001 0.024*
? Left 8.676x10™*  0.001 0.798
@ Right & Right —3.070x107*  0.001 1.000
& Left 1.217X107%  0.001 0.211
? Left 5.606%10™*  0.001 1.000
3 Left d Right —1.524x107%  0.001 0.024
@ Right ~1217X107%  0.001 0.211
? Left —6.560x 107" 0.001 1.000
Q Left d Right —8.676X107*  0.001 0.798
P Right —5.606x10"*  0.001 1.000
d Left 6.560X107*  0.001 1.000

Table 4. Results of a Mann-Whitney test for the right statoliths
in hatchlings and nuclei of the right statoliths in adults of Oc-

Mann-
-
Right nuclei N Mean=x5.E. Range Whitney
(mm) (mm)
test
Larva 180 0.0915:=0.0003 0.083-0.105 Ak

FEiEht s dult 1101 0.0993£0.0003  0.056-0.144

Width Larva 180 0.07560.0002 0.069-0.085 ek
Adult 1101 0.0840%0.0003 0.060-0.124

ENEE 74~90mm ORI ILA > T d I AR XN
7z, ZOHB, FEOFMETARTHZTAREE, HH
PR A 8 mm, EMTFERAE2mmDEZ AI1ZdH - 7.
—F, WETE, HEZA SNz & BAm a2 nhiER T R
PRTERMD o T=h ) % W72 3 8 i35 WS A8
69mm, EEPEFEHEAI0OmmD E T AIZH 72, FIT,
B EERT22E L, FhFhiconTEmR % ke
7z (Table 5). TN 5DBEUFRIFERIZKEEMNALNL
75720 T (ANCOVA, Ps>0.05), 4 % XAl ¢ o 7«
TR ERD, 4G AR /- (Table 6, Fig. 7). SElfA %
Be LB ROZkmE L CHEIh &g, T
A EEMER.Omm, MTRERAERERE 703mmD & Z
Alld o7z,

Length of statolith (mm)

0. 5 T 1 i T T 17
30 100 200

Ventral mantle length (mm)

Figure 7. Relationships between the ventral mantle length and
length of the statolith in Octopus vulgaris. Bold solid lines
are regressions lines. Broken lines indicate the break point.

FEHAERICXT 2 FHAE S L CEHREBEORE
RIS T B i B & OSERE IR O B % kA B
EAEMZ, 7ax b)) —XEFWTRD 7 (Fig. 8). T
ToFRICBNTEMS AN EL» - 72, FlRE-
Fia e 4BR B & R E - EIE 4 BRI D
WT, TNThEGEANIC LD, AEEEREL 2,
FREZEITL b NG A - 72 (ANCOVA, Ps>0.05). 27T, I
Heds K OEA KA1, FiEraE-FEaE 1 ERR
¥ KUV R~ T AR (| EF 4 1572 (Table 6).
Iheofs g &1z, FEaOREREET L & 1E
B L7z (Fig. 9). ARWFZECRER U 72 308 0 A &= 4
13 0.604~13%mm TdH -0 T, EFLEEHBHE
0.6 ~1.4mm O To. 1l mmBROREEEEZRRL /-,

z £
A HFEOFMA B K CREO L, FEERREDOHIHNH

DEMPER &N, FERIEEE ORI EIRIZER L
T ZEPeNTh O, FHiraaFEmEE L UTHH
L= d £y (BRA, 1976; Dawe er al., 1985; Hurley et
al., 1985; Lipinski, 1986; AAF, 1987; Nakamura and Saku-
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Table 5. Results of analysis of covariance between regressions for the ventral mantle length (X) and the length of

ight and left statoliths (Y

) for each sex. n.s., P>0.05.

Left Intercept Siop
X=81 X=82
¥ =0.0682 X068 ¥ = 0.0592"4 n.s. n.s
Male
X>81 X>82
Y —0.213X0H Y =0.232X0! n.s n.s.
X=69 X=70
V=021 X" Y =0.119X"77 n.s. n.s.
Female
X>69 X>70
.. n.s.

Y=0.218X"

Y=0.219X"

Table 6. Regression equations adopted in the present study for Octopus vulgaris. The break points occurred at
90.0 mm in male and 70.3 mm in female in the ventral mantle length (VML) between VML and the length of sta-
tolith. ***, P<<0.001.

Sex X (mm) Y (mm) Formulae N r P
) Ventral mantle length 5
(4 : Y:O.OSQX“'M_ 432 .‘i desfe s
(£80.0 mm) Length of statolith 0.369
Ventral mantle length . . oS e oant wws
g atolit =0.214X" 8 3 Ak
(>80.0 mm) Length of statolith Y=02 46 0.301
? Ventral mantle length N
" .y — 472 247 desfeske
(£70.3 mm) Length of statolith Y=0.122X 242 0.181
Ventral mantle length . <
- J Y=0.2 SX()}}:‘ 2 3 sl
(>70.3 mm) Length of statolith 0.21 68 0.304
3+9 Length of statolith Height of statolith Y =0.360X"7° 2202 0.517 ok
Length of statolith Width of statolith Y=0.787X"93¥ 2202 0.884 Ak

(Table 4).

rai, 1991; EOU[,
/f 7‘71;'}]‘)(3,..
BRI
%
EHEAD,

Lo Eko7z,
& LRSI —
2000a) ,

1995). L L&AadrsH,
(D0 & 3HER FOMERENRES &
Tabhbt, v& A0
HEoET 572 (K

v & ANl

lf‘"rﬁa)hkk ERNETAR B R e b

AT Elddy (Figs. 4, 6). T LT,

lvcﬂ‘é & BlUWomEE, ke X,
+%h&thfu ZEnL, KUY
 SLHEFIZ 1T 2 il
7=, 4"”][”4\” %J
J\U"iyll]m

G DT R C

4Jﬂﬂi~ﬁﬁum

&S LHERO

/CA‘/ti\ﬂubt Iﬁ
ZhbEHELLND. &
&5 (Fig. 6)
o SLHETF O R R KUV ff"y{]ﬂ]m(_ FHF
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Figure 8.
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Figure 9. The ideal growth model of the statolith of Octopus
vilgaris. Numerical values denote the length (mm) of the sta-
tolith.
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