STATOLITH DEVELOPMENT AND AGE DETERMINATION
IN THE OMMASTREPHID SQUID ILLEX
ILLECEBROSUS (LESUEUR, 1821)

CLAUDE CONRAD MORRIS













i'~)'-i-m (R T

CANADIAN THESES ON MICROFICHE
£ »

THESES CANADIENNES SUR MICROFICHE

1.S.B.N. - P

collections -

Coll Dey 5 Diection

surmicrofiche *

NOTICE :
The ‘quality of this microfiche is heavily dependérit
upon the' quality of the original thesis submitted for
* microfilming. Every effort has been- made to ensure
she highest qualty of repoducion 'possible;

S

" If_pages are mnsmg contact the university m
granted mmag-z

“-Some pages may have ipdistinct. print especilly
if the ‘original pages’ were typed-with'a poor typewriter
ribbon or if-the Gniversity sént us a poor nlmoww

: P(zvlously copyrighted hdtials Uourna| amds.
publishe tess, stc) are ot ilne.

Reproduction in rull or in part of this film isgov-"

" erned by _the Canadian Copyright" Act, R.S.C. 1870,
©. C30. Please read ‘the authorization tcrms ‘which
o .lecnmplny zhlsmescs 7

_THis _msésh'mﬂon :
'HAS BEEN MICROFILMED
'EXACTLY,AS RECEIVED

Service des :un umdl-mm

.. La qualité de cette mx!:re'lehe dépmd ndnrmnt de.

"~ avec I'université qui a conféré le grade.

- ‘dactylographiées & I'aide d'un ruban usé ou si 'univer-
 sité "nous a hn puvemr pne phmoenp»e de- ma
K mnlné

- sont:pas mucrol‘lmﬁ.

Avis Ty 5

. quélité de.la-tt i
avons- tout falt poir. ssurer, une- qualit, supérieure |
mmpmwmnﬂ - 2 7

il mangue des ‘pages, veuillez comimuniquer

|
|

nem’

La qualité d'impression  de_certaines. pages
nales ont été

laisser 3 ésirer, surtout si‘les pages

uou.mems qui, font de;a lm,ex d'un drotlA
d'aut-uv (articles de revue, examens publiés, m:.) ne

La feproduction, ‘méime:partielle,-de ce’ricrofilm
est_soumise @ la Lol canadierine. sir-l¢- droit'd‘auteur,—
SRC 1970 ¢. C-30. Veuillez prendre_connaissance des.-




I

1 | 'STATOLITH DEVELOPMENT AND, '

3 | AGE DETERMINATION IN THE

oMMAsTREva squio

5 " qux_xmmknsm e

A Thesis submitisd to the-School of Gragiusts Studies.
in_partial fulfilinent of the requirerents

g S . . for the degree of -

! g Master. of Science

¥

w
4
-pa.-m.-nt of Elulngy
Mlmorln! University .of N.w\'nundl.ind
- March 1983
St. Jyohn's: T e AR Newfoundiand







of yoiing lllax Iac-w\uusp The numb.r of

v fun;tlﬂn of smonm ngm.
(DML) and als ln‘cn.’sas ove

B functlon




- the'adults do not.

Ducing.the rly. development, of the ml!usun ambryo thu
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GLOSSARY

Angular < Acce forces with
changeIn velocity..

‘Giista <. A ridgé of cillated sensory epithelial cells found In’ the. stato
of cephalopods: . :

5

Cupula - A’ sail-llke e the crista

statocysts.

Growth Increment - A perlodic discontinuation detectable on- a growing
structure and consisting of one light. (Hyaline) lameila
_-and the following .dark (Opaque) lamelia,

‘Growth' Ring -The opaque lamella of a- growth'increment.
*Hyaline Lamélla - The light lamella of a growth Increment.
% e ¢ . X x N
Kernel - The inner hyaline portion of the nucleus of a cephalopod

# statolith.

Linear Ac - forces

-~ speed chahges.

cyst "




i
)
i
i

Nucleus-- The central portion of a cephalopod statolith gonsisting of 'the
: hyaline central kernel and the first opaque lamella. surrounding

~the kernel.

Opaque Lamélla - The opaque lamella:of a growth increment. See. Growth

Ring.
%\

Otolith - A solid ‘cancretion of crystals:of. calclum  salt found In the vestibular:

apparatus ‘of vertebrates and sggying .to’ detect linear icceleration

and, to some extent, vibrations.

Perilymph - A-fluid filling a space (perilymphatic space). betweéen the static "

. sac and the cartilage in the skull of octopods:

Y - A P y ‘based on ip occuring with a
o

frequency of one in seven or multiple(s) of seven.

Static Organs - The structures of the statogyst Involved-in spatial and

P R
ative detection including the macuide; cristae,
anticfistae, cupulse and statoliths.
Static Sac - ‘The epithelial sac, exclusive of the static organs, found

in the statocysts of - cephalopods.




xv

sumcyst - The nn:lr-. sensery ‘structures Involved. in‘the detection

g fspnl-l orlentation and linear and angular -cummans ot

Statoll nh e

. mutﬂe lnvartabratas E

Statolymph ‘- The fluld found within’ the static sac.

Vestibular ‘Apparatus=- Thé organs. which' detect linear and angbiar.

. accelérations in Vertebr:

-4




INTRODUCTION

Q- sts are organs of equill ‘detection’ found in mntll:

|n’ most

', st the fRervous systemand’

effected. " : j, 5

B, S e
v 7 comparatively i

“the past ‘two decades:

- Include: the: works. of; Hn

. . 'chiun :(1915) on Eledonalla'sp. ,: Spiruia ‘splrula”(Lamarck); ard |

% chiroteuthls imparator (Chun); Clarke.and Maul (1962) on. Lepldoteuthis -

grrmaldn (Jaubln), Grlfrln_(lasn on Nautlluaumglllus & Isgrove .

« I909) on

Iadnna cirrosa (Lum-mk) Macdnmld (|555) on N Eem‘gl‘nus

Plckford (lsw han Vllngxrchuth!s Infernalis’ Chun; Thompsen (|939) on

o ag‘a officinalis’** s.v- al luthnrs have: publlshnd on :aphalupnd
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Cuvier by Yourig (1960), ‘notably Barber (1965, 1966, a and b, 1968) and

Budelmann (1970, 1975, 1976, 1877, 1978, 1979).

Proprioception of the spati A Tavement of ‘a

‘-xu]-lu -ad m_.r-l w-ll, and v-rtjcplly o’ the_posterior wall.
TN

are by-two, systems within the
!l‘tngysl (except in Nautilus which will be discussed later).

me":rum-eupul.rqnucmm .ys’um and the nutam}--mgu-r system.

eristal ridge’is mughty brlontsﬂ in three axes: horlzem-ny iong ' the
‘._/

functions In the detection of .anguiar acceleration. The cllia are ;

"surmourited by sall-like ‘structures called cupulae. As.an anlmal turns, .

‘statolymph tends to lag behind the motion. of the static organs in:the

same manner s water in'a.cup tends to remain -motloniess as the cup I

Fotated. The Tovement of. the statolymph relative to the statocyst wall
causes -deflection.of the cupula. (Fig. 3). ~This deflection activates the

underlying cillated calls of the cristas and Initiates neural trawsmission .

Anticristae are short digitate processes projecting from the statocyst

wall into’the statocos! such that they restrict movement of statolyimph in

certain"directions’ (Young)1960).

anticistas da, hmv.r, aliow movement of. the ntolymph in m-

three: pllnafa pei

The entire

complastaf

These are

- The crista

\










.r{g ' 1867; Stepl _' 3 and Yaung,

e .
.. The statolith-maculdr’ system Invnlvad in tha dstection of the

animal ‘relative to gravitational. farce.

orfeftation: of. th

a. plul-llk' .gqregltlon of’;

“situated wﬂlnst*-nd Inosnly -u-chsa,aa

epitheliui.

or'cristag (Young, 1935) A duct,

tolith 1 cnmposad o st-ly agqreg-tad splndl

l:rystall, Imost. filling. the. stau:coal "séme of thase crystals

3 lnw Kolllker's . Canal (sarb-r, 195 5 Young 1955) (Flg 5)

There'is no :on:emr‘a;fun of. npurxl rpeapmirs mp aculae.

1978, 1952). :

The suwlhh ls




FIGURE a

Slyllzld dhg m’ cf a sactlon of a’ coleold

rlying ‘macular

“'sensory ‘epithelium to show. the m-chanlcal

statol lth and

stlmulnlnn of the sensory cllla of "the

macul-r o-lls

\
Legend: .CI Cilium
EM’ Macular Epithetium

M- Organic, Matrix

i .. | ST statolith
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. traverses the anterior ‘poition of the sac. Each of “the

cephalopods, bearing a greater similariyy to those of many other
non-cephalopod molluscs, such as the bivalve Pecten Inflexus
(Buddenbrock, 1915) and the gastropod Parctrachea cororista
(Tsehachotin, 1908). It is thus thuuqh; that the nautlloid statocyst
represents the ‘condition of the ancestral cephalopod equilibrium .
receptor. !
oclopoda ;1 L b

The octopad stnocy-t ls cempusad nf an_ovold slc, herein c-lled

tht stltlc s

. stispended. In-"an ovold.cavity. within the Bosterior ‘of ihe

SKull ‘(Flg. 6. "Young i1ssn) has referred tothls sac as

sac. Tha cavny surroundlng the' sacis filled with, a fi

perilymph, hencs the_riame perilymphatic. space*:  The perllymphatlc

space is traversed by a network of blood vessels which supply the
static "Sac and its contained organs.. The.sac Is free from" the
surrounding cartilage except where the static nerves enter the sac in -

an anterior-dorsal position slightly towards the mid-lire of - the cephalic
cartilage. |

The cristai rluge |s dividéd into three. raglnns, (a) :ho crista

5 vmlcalls (cv) orl!ntad vértically on the posterior of the -ndnlymph sag,

Ccny lyifg’ ! slbang the, optic

Iateral portion of the':séc, and () the cristd transversalis whlch'

crlsm rlnloni
is furtrier subdiivided into thres portioris, of approxlmnuw equal’length, " ";
egth béaring a cupula which’ Projects into, the Interlur of the sml: sac.

There Is'a single hand-shaped .ntlcrlsu luca:ed at. the Juncture bnz&un

“the crista verticalls ‘and the crista 1 ongtudlnlll and projecting into the,

fluld of the static sac




« FIGURE 6. Disgram of the statocyst of Qeto E‘ ~\}u|g-r| Cuvier

as u-n from the medial aspect.

(R.produced

from Vuunp lsso) (wlth ;urmlninn

cU ‘Cupula -’

CV Crists; Verticalls

eé Endolymph Sec

K Koliker's :nn-

W Maculs,

"r;m Macular Nerve







- anterior of the static, sac (Young/ 1960). :

omur spu:las

z reglon cf the “med

E " )wh!ch s

The statolith is a

tached to an oval m ri ‘the medlal portion of the inner wall of the

~

Teutholdea and Seploid

In the decapsdotis l:lphllnpvds, the statlc sac s appl

d directly to

the cartilige..

Theke lsnop " sp.pg. -rh. dge: s

dlvlcsd lnto four Wntlguous regluns ngrea of these ‘lie

‘I the statocyst: “the ‘crista transve anterior (G

w@h crosses ma .nw—m w.u of thu static sac, “the; crlata

& of anﬂcrlstaa vmas.

Typlcmy, thsr-a are betwasn’

“tive (as in glnsaglus pygfnasus Stuanstrup) md thlruur\ Lasin. .

Thzsanouuthls rhombius Troscnel), but ls Téw: n two may be found in

uch as in ergugsls ;Lu:hlq g-cm Gssel) ()shlknwu, lszn)

‘There are three m-cuu.\ iWhese ate (-) th. macila n-gl-cu

:ar;o-'- (MNA) y ‘orierited and lac: y on n\a dnr‘sal

I-wall of g’ statoeyst, (o) th ' maéula nnglect- st

r ‘, ‘ériented and’ located, in the

dor;n-madlal posmon on‘the inmrlnr sutocy:t wall.. ’]‘h- MﬂA ‘and’ MNP

a-ch baar e supcrﬂcl- I-y-r of; :rysm- of cal




- ,' leading to s, vj\lsrapv_‘asenutlon of mm:-phnlnglcl_l angu. The fifth. was

Vampyromorpha .
The single specles of this_order gv.'mgxreuutm infernalls Chun)
has a largo statocyst chamber, beirg| lirger than the eyes In very

% young juvenilesof the species (Plckford, 1940).  The statocyst has "the

‘octopod characteristiés of a parllymphatf: space and a crista orlented. In

BRI, A addition, this species has the du:apodous

H
t
i
r_hamterxsnc of mvlng mere, ‘than one. mtlcrlm, namely, - nine.in 23

. su}nl}m-(clnrk-, pers: comm».).k Th-,vlmpyrlwnnrph s!a}ocystr_ls’ tm; a

structural jntermediate, between the Octspoda and. the Teutholdea. This . .

Statocyst Development . . o

on the, early dev of the statolith is véry

shikawa (1924), observed the “disgoidal" statolith in newly |~ i

Argomun hiang (solandar) but did not glve an Illus(ratlnn nor

comment: furr.h-r upon It. Llplnsk! (1980). anump:ed w show-the .

of 1.

using i from 88

342 mm. DML However; ‘of the five et Herah, feba

twa earliest spacimens: lilustrate (DML 8 min and 245 mm) were: severely

bmkm “and lncomphu The' third (DML 188.mn) was ‘cracked and" the . :




_anlage,. sppears ‘éxiprna

: dacapnd, ‘extept’ that only a slngl- anticrl

not a specimen ‘of L. illecebrosus, but rather of the genus Martialia
described by Rochebrune and Mabille in 1895 of the specles M. hyades!
Roch. and Mab. . (Such Is a poor beginning -for a developmental series.
Sections Bf statoliths In situ from newly Hatched and young squids
of “the species Alloteuthis subulata (DML 'unspecified) and Lnllg 2 ealel

(DML 20 mm) haye béen Mustratsd by Stephens and Young (1982).

These authors’ failed, however; - to offe > any adequate ‘discussion ‘of

" thelr ¢ or the structufal configuration maro\n 1 d.

I;hlkawl (1920) cammunts ‘that on day 7 of the ambryonl

y,ontthel atcié ot che mantls sntage. 8

14 thié.has invaginated and narrowed 4t Tts. extsriorad.margin. At
spproximately 25-days the statocoel is formed and ‘sealed.

cula statica princeps and of the

Simultanéously;. the anlagen of the

crista formi as groups of ciliated columnar epithelial Cells. A ‘small
statolith then Begins to form on the dorsal region of the. macula statica

princeps, the entire statocyst appearing as'a spheroid sac.

ven anticristée form and the

g the' fifth week, five of the

maculae . becore idlmlcll to those in:theé adult. Presumably-aithdugh

: lsnlkawa doss ot statelt, lha :upu e are furmad o the crlsul

sect!ans at, or Immadl-taly prior to, this same. time. Static rierves. are

aiso visible at this stage, Thus, as we could expect, the seploid

‘statocyst. Is fully. equipped~T8 function upon .hatehing.

CIshikawa further com ‘that the pment. of the yst in

pods of the glnus'Argonaura is similar o that af S.

‘upfto the’ cor week five of tm dcw!uprﬂum of “the

forms in nmonaun




Teuthold Statoliths

Teuthoid and seploid statoliths are solid conéretions of crystals of

aragenite, the nbic form of caleium (Clarke, 1978), in*

a thin matrix of ‘protein (Radtke, 1981). B
Although statolith form varies considerably: among teuthoids,
seVeral structures. can be recognized as common to all, -or riearly all, ,

statoliths ©f this' group. Clarke (I978) deVised”a staridard nomenclature

for- these structures and’ a- systén

 of méasurements for the statolith as

whole. sln:- the uumold sutnllth form s apparmuy il bk

species- charnmrlstlc, and ecause’ statoliths have s gramr ukelrhmd .

Jof’ fosslllzatlon th.n other- uphllopod structures, el pol- tial: jn

7 identification of prehls(urlc species’ has' besn Fecognized: (clarke und

Flr.ch, 1975) “The ‘metricat- and nominal * sysnvm of statolith a-scrlpﬂnns,
has been used to Idantlfy suvm‘él fiew fSssil spacies based on single "

‘stataliths (Clarke .and Fitch, 1979). Hanvp‘, dlvnrse lntraspeclﬂc

statolith form has been de ed In

» . 7 9 -
(Lesson) by, Burch (1380), and considerable Intraspecific. and

Intrailndlvldual varl'-nun'h-s bun showni in Jllex llecebrosus by Morris '

11980, 19813 and several othlr specles by Clarke and. Fitch; (1979). This

Would cast. some’ dolibts on ‘the validity of spue ies doscrlhqons based
& 1A ¥

sulaxy on on% statolith. . > 3

The crrystals which form the: statolith afe. in two distinctly. dlmrem

arranqumnxs (Dﬂly, \s78, Morris 1980y The first-of these s an *

Irrvgulan al‘ranqemgn( which i# tound In-the wing, part of the dorsnl

spur, “and in part. of the rostrum. -‘These areas ‘appear _opsque under a

quht mlcroscope (Morrls, 1980) (Fig. . e second: pm.rn of

-rranqunem: InVolves nearly paralfel urlenuz;on at. e lorig axes of the

. cpystals radiating from the nucleus jn @ Similar manner ‘as spokes of a

ekl




osterior nspnct of the sthwuth of lllex

FIGURE

lllecebrosus {1 wour) lhnwlrvw Visible stritturas: md

5 E measdrenents sad i this “study .

A. ngnt mlernar-ph. Notics.opagus region

mmrc median: side, conlpesod of lrraqulsrly "
nrrlngad crystals. (Mannlflco(lo :'B5%)

Dllgram'-‘ﬁo -u fine mdlc-u: position’

jor: Dnmb Indanntlon. stippled are:

10D ‘Darsél Dome’, ¢

R R L TEM Medisl! Fiissure

© m«, 197!)







wheal. Thls nrranqm\-nt Is found n the dorsal ind fateral, dun-s. most

of the'fostrum nd the c-mrnl reglnn of ‘the stamnthx ‘rhesa Mnluhs i

“appesr transiucsnt under Ilth mlmsmp\/ (Morrls, 1980).. Gmmn %

!ncrﬂmnts, re

rred to usuully as, "gmwth line:

‘may be v‘IsIhI. in

.thasa areas m ungrcund s)a clmcns '

as . i rnnl growth:

and L, 1880). dlnlncnan between- gmwth rlngs and lncnmmu

N has been pmpa-aa by Panéla (lsan) Who 1abels each ciark, )amulln s'al

ring, ind an lndlvldual Incnmqnt 8 being. onie light Iarwall: plis !ha

Immudlmly fullowlnq da ok anelta, ‘Thus; lup‘ the purposes of muntlng,

‘ring lnd lncrem-nt scolinting-are -ﬂ-;ﬂ .Iy Identical . Hawav-r wheri ;

one d ar! sm's, phy amvl:y and. the formation of

dlscusslon n mls text! Mln (lssa) hus nnllghtonld us o the. fact thia

the |1gmar, oF-hyaline, ponlon of an Increment, is formed: durlnq

‘periods o ramlvaly “rapidt daposll!nn of a oalclum salt withip -an organic’,

_lnltrlx; “While darker: melln q e, rlnns) are. furmod “when the rate’ of-

a clur,\ deposlllon slws‘ It rfa  -also; hun shnwr\ (hat dark lamell 1

Tormed with the raserptlor\ av calcium Ir-om the sheil of the bw-lv-




5 bm lamellae:  This condition.

as they alternate with uqm Iamellae.

Mercenaria mercenaria- (L.) (Gordon.and Carriker, I978). It was also

demonstrated by Kristensen (1980) that the dark lamellae of increments

in statoliths of Gonatus fabricil (Lichtenstein) were due to

concentrations of collagenous organic materlal.

“Although light ang dark portions.of increments are usually easily
qmlnguun.m.,-m'- lataral demarcation of either Is not always linear or

r cut'. For -x-mpl-, with respect o the dark lamellar rlnql, they

“are. most obvious In me central pnnlun of theik width, undlnu to fade

into. le: / ar-, as it

distinct grays to either side of ‘centre where th

“were, “invaded" by-Irregular leading edges of pr-euulng or subsequent

ads ta difficulties In precisely

mnsurlnd Individual increments and/or ring: widths. The width of an

may be d from 3t average widths over
given area of the increment- bearifiy: structure., This method, ,however,

does not apply. to ring measures sjnce they arg nat continuous n series

lrnuriz-ﬂm of a lamella as ‘being llth-r "hylllna" of

enh-r side of the ‘one being curuld-na Thus,

lamella of a qlv.n .

up!lnll d-ﬂmy mey be ca_nsld'lrlq 6 be "opaq fh one région of the

7 structqn unaar nbnrv-uun, yet be fudg-d hy-nno" ln some num-




]

Age rmination in_Cephalopods
Several structures have been used in attempts to age cephalopods—— =
e

Choe (1963) examined lamella formation on the seplons of Sepia

subaculesta Sasaki, S.

esculenta”Hoyle, and Seplella maindronl de
Rochebpune, and found a dally perlodicity for each species. However, ;
Richard (1969) founid that lamella formation in Sepia ‘officinalis L. is

- temperature-dependent, réaching a daily periodicity’at 30° C_which was

ithe upper limit o the water temperature. obtained. by Choe. The two
 sets of results are not considered to Be In_conflict (Richard,” r969).

* yagi (!960) found a riine-day pnrlnd!clty of lamella formation ‘in 5. .

esculenta, but this Is_debatable. sinca he assumes all- of his captured f
specimens to be of the same’age and sub]acled-u: the same ; [
environmental conditions (Choe, 1963). K i

Radulae and mandiblel are not useful in .age. dawrm!nltlun because |
¢

they are prone to wear and breal

ge, as in O vulgms which requllrly

feeds on crustaceans’and‘is kiown to use its radula to bore thr,‘nugn
° <

bivalve shells. . However, the;crest length of the upper mand|blu, the - 5 i

length of the radular ribbon, and the welght nf {hie octopus itself can

glive a mugn Fatimate of age. (Nixon, - 1973). ““Clarke (i%65) raperud

growth Incrnmnnts on beaks of the squia Maru\luthls lngen (smuh

¥
These Increments had rapnltlng cycles of wlum but could only ascribe a

l\' possible per!ud[cuy of -either six or twelva months to the farmatlon a!

each cycle. Lu- (lssa) -xamlni’d mcr-m-nts on, be-ks ot iex:

Hlécebrrosus and’ co rnlater.i the umbers o .lncremenks wl(h te DML

He further pv‘opnsed vm mandibles cnuld La usgd in_age detur‘mlnat(cn
Anmauqh the diet’ of caumolds cuns!sts ar less. abraslv- material than,

" does the diet of cmapads, zeuthora mandibles can, howavur, be subject

to considerable wear::




opalescens and assumed a-daily increment formation near the nucleus

: followed' by a dark region, together representing one ‘growth increment

The correlation of the sidereal lunar month (in days) with the

number of growth increments per chamber in N. pompllius was used to
Infer changes in lunar periodicity,” based on nautiloid fossils of known
.ages (Kahn and Pompea, |978). These papers caused considerable i
debate and are still subject to discussion and confirmation. ;
Young (1960). obsarved concantric linss within the statolith of O ¢
vulgarls l":uf'theru have been publl‘shed no ,atta:;mxs to use this i
E;ruétgre in" the determination of the 'ags of octdpods. 3 }

Clarke (1956 detected growth¥Increments In'the: Ommastrephid

’squids’ Ommastrephies caroli ‘(Furtado); 0. Pteropus’ (Steenstrup) ‘and

Todarodes sagittatus (Lamarck) but did not find any cyclical periodicity {

or major t His P ‘of. these was limited
by their ‘small size,’ :

Spratt (1979) ‘identified  length frequency modes and followed theli

' seasonal progression.in the squid Loligo opalescens Berry: He ‘

concluded ‘that this species had a life span of 2.5 yéars. In attempting

to confirm his. hypothesis; Spratt examined. the statoliths of:

Where the Incréments were closely spaced. He also.ascribed monthly
periodicity to increment formation in’the peripheral areas where the

increments appear. to be wider and fewer, demonstrating, a light region

over a one-month period of time.' Other authors have assumed. these -
peripheral o ey daily (Hurley and Beck, I1980; Rosenberg,
Wiborg and BnCh,. 1981; Krl;tansen, 1980). However, the increments
they' describe are more harrow and' more numercus than ‘those Gescr_*lbe.d

by:-Spratt (1979).
L v




days) ; %

, i . .
Kristensen (1980). showed cycles of narrow growth increments in
the extranuclear areas of statoliths of Gonatus' fabricii. These cycles

were of alternating light and dark bands,

ch band consisting of
saveral narrou arc inegaments, and sinilariy sach light Kand
consisting of several light increments, . The avaruge number of these
Increments par ‘band was 13.2; Indicating that the-period of one ‘cycle of
Increments (one light band plus orie dark band). as'26.4 increments.

This Is cln!er to the number of days: I

_lunar. synodic month -(29.53

&' Rosenberg, et al (9813 found a liriear relationship between statolith

growth incremént counts and dorsal mantle length in:the range of 15.0 '

to 25.0 cm for Todarodes sagittatus (Lamarck). , By assuming that these

increments -are ‘daily, they verified the presence of fortnightly regions

_ (14.0 increments per region) as described independeritly by Kristensen

(1980).
Lipinski’ (1978) found growth increments in statoliths from .I.

illecebrosus and, like Spratt, assumed daily periodicity ‘near the nucleus

_and. manthly periodicity In the peripheral arsay. = However,. Hurley and

Beck (1980)- assumed daily periodicity ‘throughoutthe statolith of L.
illecebrosus, as did Lipinski (1979). A less' detailed account of ageing
of ‘teuthoids than_has been présented here has been given by Dawe

(1981

-~

Positive correlations of statolith increment counts with total
statalith |-n'gm and dorsal mantle length were found by Lipinski. (1980).

Although some ‘6f .the work cantained herein may be viewed as<a

repetition”of .that of Lipinski (1980), | éxparid the range of Lipinski's

data and ‘increased the number of data points.In an.effort to achieve a.

more: sat] y app jon of the fena observed.:




<

It is herein attempted to establish whether the. formation of growth

increments on the statolith of |. illecebrosus is daily, as was assumed

by Hurley, et al (1979) and Hurley and Beck (I980). If the periodicity -

of Increment formation is either irregular or non-dalily, or is based on
some other time interval, It is attempted herein to establish what other
parameter may. bs employed i ari assessment of the: agie of |.

lilscebrosus with precision and reasonable ic:urucy

The' thesls also dnscrlbas for the flrsl time, sugas' in the’ s:ruéturél 0

development of a :-ph:lopod :nmllth and fts several p-rts and

features. lt is true that Llplnskl (XBBD) Prnsentud phomanphs of .

statoliths_ of

lilecebrosus to show development, bu( he; faifed m lal el

the duvuloplng Structures- and thus trace thelr developmantal anawmy
and adult :onflgurallon ;

Over zhu years 1579 through 1962, | have personally. observed the

stawh(hs, both right and Ieft, of more than 400 spaclmens nf 1

illecebrosus, . ‘These coVer a wide range of sizes from humerous

locations’ around the island. of Newfoundland,mainly -Conception Bay. It -

+is on such. a large "data base" that 1 have based my analysls of ths

igur of the: mory haracteristics of the statolith,.- Some

of this, knowledge gained sarbed as the basis’of my Honoirs B.Sc.

thesis (1980) and more i$ presented hereln Tor the first time, aspaclally o

the devélopmental. sefies elucidating. the ontogeny of thu ststnllth from
Primordial through ‘Advanced Staqgs

i _‘..:.._._,.M_..ﬂ.l..‘....awu s




_Thau I pll!stlc bags were placed Inslda a“second’ nlasm: bag and

MATERIALS AND METHODS

Specimens of |. lliu-hmsus‘wera captured on five different

.occasions during 1981 (Table 1) (Fig. 8).. Small juveniie’ specimens ‘of

‘dorsal m-ntl- length (BMLY of 31 mu'or less Were placnd in. gl-ss vials

with sea watnr and frozen. Lnrg-r spm:lm-n: were put m plamc bug:‘

,.and pres-rvcd in ke manter until -x-mlnalun

Spaclmans i Vials were thawed by nxposurc to,"roomm tampnratur- .

immersed ln |ux-w;rm water' to ;ﬁaw‘

Statolith removal. was performed by placing the saiiid:on Its
dorsum, lifting the funnel away from ‘the body, and severing the

tissués which -tm:n cho ‘funnel to the head. A subssquent vertlcul

incision immediately intnrlur' to the. liver. and behind the .head to the

depth of the esophagus. ekposed:the broad posterior. cephallc cartiiage:
Removal of the tissies surﬁ&u&dlng the cartilage exposes the two

convex cartllaginous prntruhl ances of the po:tarlur cephalc cartilage

that Indicate the position. of  the palred statacysts., At this polnt; the

ntervening cartilage,

statdliths can usually be seen through thi

he statocysts were opened by r-lslr}g’rﬁu posterior. of the héad

off ;gjn dlssectlng board -nd maklnu a horizontal* Incision through. the

Fosterior clph:ll: cartilage. to remove the floors of the, stator.yst

chambers. 'r e stamllms were sap-raud from’ thelr. maculae “with fine - -

forchps dnd stored In glycerine. ‘A dissectirig microscope was nct

required’In this operation except I the cases of the ‘smailest specimens.




TABLE i.

.

Cup!ure data for specimens. of Illex .
lllecebrosus used In the study of -statoliths. All-,
taken during the year.1981

Date ‘'of Capture . * Lécatian Location Gedr. |
(98!) ‘(Lat,Long.) - (Geheral) 5
fabiby 360 247N s
: - 56° 00,01 W " ~'Stream o0
& 014,90 N gt ;
*53%°00:00 W " “Stream 100
‘May 25 452 00.1' N iCarson 3
45°%:30.0" W ‘ Canyon . .- 500,
Jiine 20 4% 3650 N Grand. - Engel’ " g
A 5 W' Banks Midwater . 124 .
& Tréwl 5
oct. 137 : 47 . Rfinery "Japanese’ ! .
54" a’] 2w Pler,. Jig' Rig.. e
. Come. BY;. 10
5 Chance




FIGURE'8. Map of Northern Gulf Stream region andi fnsulsr -
_waters ot N.wlounﬂllnd, shuwlng sites of capture

:.of: Hllex:
stcn:llﬂas

Feb: 27, lssl 10 lnlm.ls Jat 38° 2a.

»55 OOD'W, DMLR gel35-290mm

Mar. 4, 1981; ‘3 animals at 41° 14.9N,

: . "53°.00,0', DML Range 21.0 =:30.0 mm-

May. 25, 1981; 5 animals at 45° 00.'N :

45° 30.0'W, DML Range 109 - 118 mm >

4, ‘June 20,1981} .52 animals 4t 43° 36.5N, :

si° 54.8'W, DML Range 130 = 191'mm

5, q_c:. ls, rsen- 42 nnlm-ls -t 408N,

54°°01.2'w;, DML Rinqa zzs -.266 mm
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;of o pair; such m-uunmanu extending Trom tha mast dorsal. point of

* of. both m

50%°C. for 8 to 12 hours until the EFON 812 was polym-rlzld ChecKing

Excess tissue and organic debris adhering to the statoliths were |
dissected away under a microscope with any persisting debris removed _ |
by placing In S§ hypochiorite for up to three minutes. This treatment

any g debris. The were then washed in

two. chianges of distllled water and mounted In glycerine on a glass slide

for musummm.

5 Monunmonu were’ uk-n of the m-xlmum lmgm of each statolith

the dorsal dome to the of the mnrum (Fig.' 7)‘ The average valug

urements of a given palr was taken as tHe datum point for

that animal. - B e o o % J

Quantification of statolith lengths was performed with a binocular
Nikon microscope (Model S-Ke 11) equipped with HKW (0X eyepieces and
a corresponding eyepiece micrometer. 3

Following measurement, statoliths wers placed In 95% ethanol -for
one minute to remove glycerine, washed in two changes of distilled
watér for similar periods, and placed on a glass siide to dry. Excess
water was removed with Kimwipe tissues. i

After drying, the statoliths were mounted in EPON 812 resin
(Fisher- Scleriific: Co., New Jarssy, U.S.A:) With ‘the concave anterior ~
surface facing upward and the dorsal doms inclined slightly downward

(Fig. 9). This latter manosuvre allows best observation of growth

margin of ‘the dorsal dome.' This site Isan

ln=um-nu near ‘the fr

Jarea v{h growth Increment rusclutlan is rraqu-nny lost in !mprop-rly

mounted speciméns (Fig. 10). Ny

The slides were then placed in a-Fisher Senior |umnp oven at




- FIGURE 9! Longitudinal section of a.mounted statolith X g

of ‘1 ‘lllecebrosus (Lasueur) preparedifor = - .

~grinding. s
‘Legei €6+ ocediting Crystals™ -, L

\ DD "' Dorsal. Dome

Gl = Growth Increment

v N - Nucleus

"\ R - ERON 812 Resin

S - Glass Slide







FIGURE 10. - Photogrash of the dors

. p-l‘lph y Lo\‘ the st-mmn caused by -

o S exc-sslvo abrasion durlng prlplratlon

\‘ur nﬁ:arvatlun

shnw!ng obnur-ucn of; ln:r-mqnn at. !h. i
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the slides -after heating for three hours to ensure,that the statoliths

. /had"nat rolied from their original ‘positions greatly Improved the success
rate In'producing specimens with giowth Increments clearly visible over

. 4 D .
. the. range ‘area‘extending ‘from the nucleus to the free margin of the

aorm dome. LR
iThe lllda: were: then ground agalnst s$ plate covered with ‘a

mixtire ot 1200 grlt <drborunduim’ pow

o and glydering until the
nucaeu; was _ciearly “ visible.’ Since glycerine does not avapo;'nt' as
quiekly as ‘w_amr,v the rate of grinding and the “fesi" of the grinding Is
mare consistent. Tilting of . the slide In_different directions can help
direct the abrasive effect to particular areas of the statolith as
required. Constant checking of: the progress of grinding 15 required as

grlndxng past the depth of the nucleus pblitergtes the growth

Increments.
Fallawlnq wrlndlng, there may become apparent a second area of
qbicurad increments locatéd near the nucleus. ' Hara, ah area ot large
inregular. crystals lay I & depression near the nucl.us (Figs. Il and -
12). The diffractivé and refractive effects. of these crystals obscure the
underlylnq Iru:ramar\t: and may rendler them uncountable. _Attempts to

remove ‘them by. pryrqq ‘with steel nludhs, grinding. with ground glass

needles and scraping w!th dental plcks were unsu:cassrul. The use of

a dental drill with the finest av.llnbla bit proved to be too coarse and
N
gmtly marred the entre statolith Surface.
Many, it not all, ul these crystals can be rimnvad_ﬂurlnq ma main

qﬂn_dlng process If the dorsal dom fs ot depressed at too stesp’ an

"angle. *Since Talling' to depress the dorsal dome oblitsrates the _

increments on_it, & Balance must be ‘found betwes both’ positions: A

it




FIGURE Il. Dlagram to show the optimum plane of grinding

lllecebrosus (Lesueur) to

i through a ‘statolith of

réveal growth increments.

~. .- Legend:. AB.~ Grlnwg Piane

co = g::bltlng Crystals

'S - Microscope Slide - P & 2

FIGURE 12. " Diagram to show n's‘tlwllth of lllex lllecebrosus

o (Lesueur) with growth Im:rum-nts ot visible
J Note .the Intersacﬂon of the qundlng plane (o) with
4 the occulting crystals Indl:atlng that some crystals would

- remain after tha grinding ‘proceedure.

Legerid: CD - Grinding Plane

€O - Occulting Crystals

'S - Microscope ‘Stide







slight downward inclination of the dorsal dome seems most useful with

good results -usually being obtalned when depression of the dome

PP 10° below the

The alternating light. and dark growth ‘increments -on otoliths of
ﬂ;h' ind stuwl’lu‘ts of squid have been referred (o«by r,t:.lmgrous A:Jthol‘!.
They ere formed. by differential ,ratl'n) of calclum carbonate In a

protainscaoun mistrin; ‘The daiker lines_cotaining more protein {tina,

_|ssa) can bé accented uung a Brotéinophyliic: stain. The stain used

.here.for Glrcund spaclmuns was nznhydrtn, buffered In’ phosphate at pH
6.95 und applied fo- two minités with the slides bearing the specimens
susp.nd-d 4 im oven boliing water. (Humason,. 1972). The EPON
adjacent fo tm‘mmnm In these preparations was counterstained with
0.1% fast 'g‘reqn flor one minute, again over bolling water. Since
“ninHydrin ‘deterlorates rapidly, the slides must Be viewed Immed\uu‘y
after. staining. Fast graan Is also proulnophylllc and because red and
green’are complementary. colours, any protein reacting’ with both stains

will appear dark.

With the specimen In place on the mlcx;oscnpe stage, and looking at
the stage from the side n a darkroom, movements of the stage
micrometer. will pr;du:e a red "halo" effect near the specimen. The

. Intensity of the'red calouration servu as a check for the freshness of
the nlnhydr(n ’

" In.a darkroom, a Zeiss microprojector Wes used to project, images

- of r.hn sﬂul‘:a specimens into'a 20 cm dlam-nr alumlnlum surface coated

mirror and, reflectad: onto & sheet of matt surface paper of the whitest

quality’avallable to observe growth increments. = The surfacg coatin
. Sapegd Nideitn S |

such a mirror eliminatss the, double reflection due’to'the glass :and

:
i
!

-




_slivered surfaces ﬂ a_typical mirror, and eliminates' as well ihl'
pmd;acum of false increment images. The magnification thus produced
(8%0x) facilitated not only- observation, but also the tracing {:h-
increments directly onto the white PIDIT while the image was thereon

projected. --This method was” used for both unstalned and- sisined

"ground stitolith preparations.

cmntlng of the growtn Increments procudod from the. nucleu: of.

“the sumllvh toward and across the’ dorul om. 'rnu is the lunnun

asls of gmwth T

_ann c y.ls the. axls of

videst ;. The width'ef

and best

n of -thos

¢ i & o E
- an Increment Is represented -in the width of a corresponding line drawn

on paper, and the darkness ‘of an Increment by the length of the drawn

line (Fig. 13). After a minimum of three complete tracings for each
statolith, the numbers of lines on the tracings were counted. This
procedurs siiminates bias from cbserving the size of a statolith and
tnconsclously counting enough increments: to mrr-spma t the expected
nunber for that particular size statolith, L b
1;- accapted Valus of “the nirbér of -Increments for & oivert

statolith was the average of the two. highest counts which did not differ

by more than five percent. Specimens of ground statoliths of- lllex

lliecebrosus were also prepared for observation under the ‘scanning

+ electron microscope (Cambridige Stereo Mk 11) by dehyration In absolute

ethianol, alr drying; and then coating with gold In ‘an Edwards S 150A

sputter ‘coater.




FIGURE 13. “Trs

Ing of .rings observed In ground and’ stained

. 'specimen’‘of statolith of lllex: lllecebrosus . Lesuewir). *

“The lefigth of.iiné representing one ring
Indicates relative darkness while width of ‘samg

line indicates width of ring being traced. *
N - Nucleus 4
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RESULTS ¥
»
Senpling sites of lllex were situated prog y

closer to the Island" of Nawioundland at suécessive sampling dates in

1981, Increasing mean values of DML and” statolith length “are also

evident. (Table 2). : Py . -

“In the ‘two earliest

ples (February and'March), which contalned

the. sm-ues‘:’spaclmens, the™ squid. several larval .

such as'a’ loose saccuisr mantie;. wide proxlmal -parture f the

hyponome (or funnel),:large eyes, and a posurluny convex fin.
Characteristically, statoliths’couid" bé removed from éven' the smallest

specimen (13.5 mm DML) and.upon microscopic examination were seen to

serlal ., as by other authors and as

described herein earlier in the Introduction.

Specimens taken In June were still relatively small but were similar '

morpHologically to the adults later. taken in samples In tFie fionth_ of.

October. :
B. Statolith_Development

" 1 s devalgpment, the first part of a teuthold statallth to be
rgrme;.v and”subsequently recogriized s the kernel which is a small
hyaline spheraldal area‘ \y(';\g, In the adult.animal, near the »Jlng of the

statolith, It is visible in statoliths from very young specimens (Fig.

13) and In ground sta fron aduit ' /V’ s. . Growth Ir e ments

In the kernel are either not detectable or are varyjndlstlnct
As'larger. specimens. with larger statoliths (Table 2) are taken'at

prograsilialy liter, dates, she statolith becomes !ncruslr\gly complex

and passes through several atstinet stages. ' These ;uges are now -,
s ) N g
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described and names given to- the several posthuclear stages. They

: are: 1) Prin ;2 Ive, 3) Pre-Juvenile, 4) Juvenlle, 5) » i

Adult, and 6) Advanced Stages.

The ‘developmental stage that follows nucleus formation (see

Discussien) Is a roughly p or y ure, with the'

tip’ directed ventrally and fiéxed slightly anteriorly and laterally

CFIg.14)..

b oo =

. Y s
This grifiordial: stage Js:found In specimens of 12 to 16.mm

DML. . The dorsal.region of this structure, the dome anlage, Is the

., pracirsor of the dorsal dome and siiperior lateral -dome. - The medial

" curvature) after enlarging as. the statofith grows; will later serve as an
attachment site’ for the wing. The apex of the lachrymiform shape ‘is the
rostrum anlige. This stage was observed In statoliths from three

squid. . : .

{ " - 2) Definitive Stage

The second stage In p us statolith here #

named the Definitive Stags, eccurs In. squid” of apprqx}mauuy 30 mm
" DML (Fig. ). ~The dorsal ‘dome, superior lateral dome and Inferior” ' |
lateral dome are forming and becoming Identifiable. The rostrum aniage
has now developed sufficlently to be' recognized as a.rostrum and is in

‘the course of ‘altering Its directlon of. gfowth, ‘curving toward the

midiine of the cephalic cartilage in situ. ' Upon‘the. medial aspect of the
rostrum are o' be seeri small irrégularly arranged crystals which form_ °
the anlage of the wing. lrregular crystals which-effectively occult the

underlying Increment lines haye begun to form, in the:dorsal region in

‘his-stage. Also in’ the, medial region is the

known'as the ‘dorsal spur.. This stage was observed: In statoliths from ~

nine squid.




FIGURE I5.

FIGURE 14..- Primordial'Stage in the development of a left:
‘ statolith ‘of lliex illecabrosus (Lesueur) trom
an’ unsexed specimen of 13.5. mm dorsal
mantle: length. | (Anterior. view). Specimen ‘mounted

in.glycerine.

..o .Legend: D'~ "Dorsal

DA"> Dome Anlage’

N = Nucleus

. MC - Medlal Curvature

RA - Restrum’ Anlage

V - Ventral

unsexed specimen of. 29.0 mg dorsal mantle
P

length. (Anterior \‘.\xgu'v). ecimen Js'mounted

_in glycerin:

< Legénd: /CO * Occulting Crystals

D - Dors

7 DD - Dorsal Domé,

DS~ Dorsal, Spur S .

Li = inferior Lateral’ Dor i

s =" Syperlor ‘Lateral Dome

" RO, - 'Rostfum

V - Ventral

‘WA = Wing Anlage




—49-~




-or mature adyits (DML over A48 mim) ¥

2 uuul dome may subalvm so’ mn the -nuro I

3! Pre-Juvenile Stage - 4 & N =

The third stage, the Prejuvenite Stage, 1§ ot hersins lliustrated
dun o lack F aetiinens, Howerer, -shcat of Ite’ chachcteridics e
be Inferred, and for the sake of continity | will speculate on both its’

appearance and Its role In the developmental serles here rioted, The

rostrum  extencis v-n'tnlly, and curves mqmly toward the’ median_of the

animal.- " The wlng oxtinds m.dlllly, :h-n turns .m.-rlurly toward: the

|.| cumzun The dnrnl spur. T dlnlnct 45 ars the dorsal.and -

4) Juvenile Stag £ s

Returning to what | have seen, it Is now In order to speask to the

fourth, _the Juvenlle Stage, in the developmental series. . In this stage;
the wing Is extendsd upward, connecting with the medial cun}m&,
thersby _completing & surface, which Bears a foranen through.the !
statslith (Fig. 16), Furthér ‘extansion of the wing has resulted In - the
crestion of the madial. fissure, which is 3 discontinuity between the
wing :v-nlrllly and m- duul spur dorsally.  There Is & Emﬂg{:lng

formation of the occulting crystals. _This stage is found iny five

specimens ranging.In size from 109 to 11§ mm DML. -

Thie Adult

Stage ‘is found in late juveniles |nd sexually m.u.v'qng ’

nnrly all” 1. iscébrosus - r..kan

in’ Inshdre Nwwfeundlnnd water's. in the adult statolith, the Inlarlnr

dome is’ trlpirtln




mm dorsal. mantle

Specimen ‘Is mounted
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(Fig. 17). " The foramen qr;adu.llly becomes filled through the deposition
of -crystals and the mediat fissure simliarly narrows. . irregular occulting
crystals cover most of the anterior surface of the statolith in this

stage, with the exception of the Immedlate area of the ichas.” e
should be noted that these crystals are most concentrated in the ER -
of ‘their genesis, lndlcm:lnq thelr_continual productionand deposition In
thatares, despite their ‘area of deposition belhg ehlaFged with age and,

‘over a perlod ‘of time. -

in e Advanced Stage of statallts development (Fig. '18), me
appisarance; 15 smilar ta that of the’3dult ‘except that the foramen and
the medial fissure are closed, nmng been fllléd: by crymmna
deposition. . The lateral dome may 6 may not be tripartite; Indesd,
right and left statoliths from the same animal have been sesn to vary In
having the trlpartite condition of the lateral ddme in one but not in the

othe

I ‘have observed varylhg' degrees of .transition between the adult

and the adv ced stages, ‘but none as developed 'as tm particular.

specimen lllustratad

As the growing statolith passes xhrouan'me‘ developmental stages,

changes'in the pattern with which the Increments' are deposited are
tVislble, These patterns.are characteristic of differeht parts. of that
portian of the statolith composed  of- regularly arranged crystals.

The Advanced suga appnrs in squid of mlnlmum DML of 230 mm.

_C. Regions of Statolith

. 5 Sl e 77 & i
The nucleus of the statolith consists of thg Innermost prominent

_ darR lamella and. its contaired: lightar region, the, kernel:' '




FIGURE (7. - Adult Stage In the development.of the

statolith-of lllex liecebrosus (Lesueur) from a

female. specimen of 244 mm' dorsal mantie

length.. _(Anterlor view) . ‘Specimen.mounted

+In glycerine

“Legend: DD~ Dors

DS - Dorsal spur .

FM < Medial Fissur
F - Foramen

LI~ Inferior-Lobe-of Laterai Dome

LM - Medial ‘Lobe of Lateral:Dom

- 5uperior ‘Lobe of. Lateral’ Dome

R~ Rostrum.

W = Wing'”
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“male specimen of DML' 230 mm ~(Anterior view) *

Spécimen mounted In glycerin

“FM - Medlal Fissure :

"Li“Z.inferior 'Lobe of Lateral nm ]
LS =" Superior Lobe of Lateral Dome
R - Rostrum

DS. - Dorsai Spur *

W - Wing

ecebrosus (Lesueur) from a mature
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Beyond the.nucleus, three distinct growth -regions, as delineated
by cbserved growth increment patterns, were identified and are herein

designated as Reglon I (RI), Reglon 2 (R2) and Region 3 (R3) (Fig.

19). Quantitative descriptions of these reglons are given in Table 3
and thelr"fesitions on the statolith In Figure I9.

The first region (R1), Immediately peripheral to the nucleus, is
characterized by narrow and closely fﬁud rlngi»w)t; Wi prominent
rings éc;:.slonaliy Interspersed among them (Fig.20). in tha‘smallle‘st

speci

ris, ‘this is.the predominent reglon, with small initial portions of ~

R2 beglnning to’ bé lald down on its

At the lnper margin of R2 the direction.sf maximum growthof the
dome anlage 'sh!vfts»soma 35° toward the dofsal midline. - This reglon s
characterized by ‘increr —— rings of Irregular widths with the
widest increments occurring at the innér margin of R2. The Increments
throughout R2 are generally wider than thése found in Rl and the rlr\gsb
véry in darkness. Noticeably darker rings often occur with a pattern
of one dark ring followed by a series of seven, or a -muitiplé of seven
lighter rings. .In Figure 2! Is illustrated an example where this
sabbatical perlodicity can be traced through most of the statolith.

“The third reglon,” R3, s found orily in statoliths from the older
specimens sexamined, and s found around the ouﬁ-r'ﬁgrlpnary,
excluding the wing areas of: random crystalline arrangement.

Increments: In R3 are-narrow and'the rings are thin and evenly spaced. "

The ‘occu of dark Increments Is. reduced and In seme
cases Is even absent. Where they. do occur, patterns of seven and

fourteeniare again ‘sometimes seen. - o'

—A\_.‘.A e i




FIGURE 19, Ground anterior surface’of an’ EPON. 812

ided “statolith of ‘lllex lilecebrosus (Lesueur)

to. show- the' three reglons of increment

formation and the position of the occulting
" crystals. Taken from a male spacimen of
168 mm dorsal mantie ‘lan'glh.
. A} X
Legend: €O - Occulting Crystals
Ri - Reglon Oneé
{ REE R‘aghn‘ Two

R3 - Reglon Thrae
e
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- FIGURE 20. Diagrammatic_representation of tracing

of. gmmh Im:rimlnti ., sum!lth (Ianm

1023 um) of litex m-cnbro-us (Lesueur) (DML 228 mm).

lndlclﬂng the. thres Fegions.of growth,

designated:RI, R2 and R3.

N = Nucleus
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997_4im) ‘of

" (oML: 2iz:mm).

Dlagrammiatic representation of tra

" of growth rings. in a statolith “Cler







increments, Their Counts and Their Analysis

During the counting of the Increments It was usually found that at
least two of the three mandatory minimum three Increments counts. had
variations of no more than the acceptable 5% Iimit. Greatest variations

(up to 228) occurred dilring observer. fatigue or during the. first-cne of

two colnts during -a day.

le of numb-rs of lncumunts -g-ln-t statolith l-ngth, dorsal

S ritie Isngt.h (UML) and data of cé ture of th

. Flnur“ zz, 2, nd 24.' Plots of suzamp length nnnlnst DML nnd date

-p:um are’ presented In Flguus 25 and 26. ; The' cd cted data for

these graphs’ are given in T-h s 4, 5.and 6. Reference’ \o/quur 27,

* and 28-will indicate the npuranc- of the growth Increments in mo

nglon of the dorsal dome. With. plrtlcular reference &7 Flgur- 28, m-

- dark and llgm portions .of a single increment are :Itlrlv‘ugld-nt in

stereo mlcroqnph- at a magnification of 2200X. .
An-lysls of variance, two sample t-test, and mnn-wmm-y test

< lhow-d no lgnlﬂunt dm-r-ne- between the first three counts of

snln.u specimens .nd three: eounu of ‘unstained sp.clm-ns at the .05
|-v-| of slmlﬂunu. These. an-lys.s were performed on eight fomale

spaclmnn- (Table 4). Huwmr, this does .not rulo out the Qualitative




. : . !
evaporation of the solvent were not sultable for se as mouriting media.

They did‘not allow clédr viewing of the growth increments within the
5 : “statoliths. -"Diatex" mounting cement, Canada balsam, Turtox mounting
!

25 7 medium, - liquifd acrylics, clear nal polish arid, v-rluus *super, glues £,

~ivers tried -and’ u]-cue for: this reason,

Pmymmzlng spexy cerient perlnl“ed vltwlng of lncremunts, hut

R e qulntlﬂl required In work r this’ sm. The m_ounnr!t Known ‘as EPON

Preparation f atasoliths for. observation -and, analysis.’

Although grinding the statoliths was re:‘w;d to: -c'nuarﬁa viewing | :

of increments. In‘juvenlie and adult specimens, grinding ‘rir

nhs:urlty of Incréments In latvai spaclm-ns,

smnlmu from m-ln specimens: are, more difficilt to successfully.

ments throughout.

mount

d qrmd to uuowj clear viewing: af growth’ inc

—the l:ountlnq range than are mmntns from ‘temale sp-clm-ns
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y Relationship bétween. statolith length and

FIGURE 22,

" number of _incri







- FIGURE 23." Relationship’ between' dorsal .mantle length

and .

ements; in the statolith of

rval

—.—"L"= Linits of 95% confidence inte

for' the model.
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FIGURE 24.

Graph of- Voh Bertalanffy ‘growth: relationship

between date of capture and' number of increments

* Inthe statoliths of lllex Illecsbrosus (Lesueur).

(Data’ from “Tables 4 .n'a o
7 ol :
Ces L.(l - -"‘“" -

o s 2.3,
' 7K, = oLoem

1= ;o.sflsq‘







T A

=, FIGURE/25. yRelationship betw gth

dorsal mantle le

"+ and. statolith: fength’in. 1ii

Iliecebrosus (Lesuieur) .
A(g-i. from’ Tables' 4 and. 6; _regression 6

nly, Table 4)







_FIGURE 26." Graph of Van Bertalantfy growth  relationship

between date, of capture and statolith langthof

X it v-_. s

L Where, Lt = Length of statalith at tite ‘(t)

|
‘ .

Lo = Length of statlith t =" infinity
bt 4 .

. e'=Base of natural logarithms

———Rangs
—Median’
L " hean - :
i je—Standard beviation,
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3

4 Nlnhydr,ln/i‘ut G:een
* .Stained G:ound sr.atolit:h 3
ch:qnnne

[P inal - Kccepted -
Count . Value -

W
o
2
Q
OcH

oA
2
&
-1
g.
A
4

Dn:a (u counn ot inermntn in qmund satolithl) trom nine.'
: lpecimnu of mle Lllex illecebrosus (Le.!neur) 3 -

gl




. 4 o) .
y : i
TABLE-6. -Data-(as counts of whole ) of sixtim
from twelve larval-specinens uf .Ulsx illeteh:osus (L ueur) -
i ' : S
8. 248 40 S T

3 Bl Goungg of Enclre aff.  Sig

5! S84 » i BEEE. gEE

t : 358 1432
390 g 7.1\: = = =4 & 2 < = Maz. %

403 21 70 65 67.; — = 66.0 Mar. 4

397" » 30 57 69 61 - ~ = Mar. 4

2 30 = i - = - - Mar. 4

371 21 62 61 - ol = . Mar. .4

361 27 71 68 - - - Mar, 4
293 17 56 53¢ e, - "55.0" Feb, 27
‘281 16.5 61 . 6h. . = o 63.0 Feb. 27
442 29 71 95, ;» 837 - B4 83.5 Feba 27
268 13,5 . 61 77 . -60. - 63 61.5 Feb. 27
“278 ‘16 54 4 7% " o 7.5 Feb. 27
326 20 66 75 = 77.0 Feb. 27
344 21 71 85 - 85.5 Feb. 27
- 342 21 71 75 = 76.0 Feb, 27
305 16 52 77 775 Feb. 27
307 18 = 67 - - 67.5 Feb. 27

** Lost duﬂ.ng dissaczion

L= Left statnlj.t‘h
R - Right statolith

£

* Cracked upon gz’inding. not. 1ncludad In Figsis22, 23 and.24
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FIGURE 27. ScanWing electron microscope of the Dorsal ¥

- nummlonwf.qrdund_u:tdndmlm

. of illex illecebrosus’ (Lesueur) showing -

numerous growth Increments (500X).

S"

FIGURE 28. Scanning - electron micrograph- of the. Dorsal Doms.

reglon ‘of 4 ground and stched. statolith of 1llex

. lliscabrosus (Lesueur) showing the organic. and

ys  portion of ‘the (22007

0 = Organie=rich”portion of Increment _

.., ¢ ‘= Crystalline’ portion ‘of Incremenit

*1'= One Increment < PR







_ suécess In dlatlng sHing “statoliths from mafe or feinale squld o the

-/ enhances - the r‘.mova[ of. t

DISCUSSION

" As roted in"this thqs|s and by Lip!nsk| (lsau), statoliths 'rom mate

spaclmcns ofsthe- ommstrapmd uuthola !

liscebrosus have been "
difficult to prepars. fof examination of growth Incr-mentﬁ while those -
from fam-l- lpaclmans c-vvba preplrubw«!m & .much. higher success ;
rate. it'may be conciuded mat there. imiist bn ‘some axullly Vvaglant

cal]su for. this’ ab:ervnd dl"arencol yet grnmy there hes been:ng

‘maintain ‘the. Integrity of . the growth incréments. " This w&s true win In'

Where ‘the. incr were the antire’” :nuntlng

area (except In the'area of the accultlnq crystals).. If statol ms are.

qmund suficlently to remove thnsu cryspals, “then: Inermants are 't

obscured as a resut of * the rlndlng. pamcularly at thc dorsal don

Phys|u| deprasslnn o tha daraiit dans “during muuntlnu helps wavam

‘the onnceratlon [of ‘Increments, ln thlt region, and, 3t _the same - time,

,:cuulnq crynlls by. gringifg. Hawuvar;’

certain speclmens‘ thaugh apumanv ground, st retairi these :rystals :

to: prontbn atin

sear by rnfennce m quuras 11 FREMNT spec!msns in wmch growth’

ts are obscured: by superficial crysullln- deposits; the

e




p to the-light path of the 1 ) would funm/

dastwy _evidence of Incramanu

Using the method describes } 673 of.-specimens. from females were -

"found'to b :ount.bla, while only ‘453 of- specimens from males -were

fatnig .cc-pnh\- Unfortunitely’, ‘at' the time ‘when the method was

|Valnpad, numbers; of ?ﬁaiu :pa:lmuns from sorna' of the capture dates;
and sites were either. too f.w oF uhavailable. Rmrltably, due to.the .
small samples lvallablv, some statoliths from male squld were expcnd-d

Cin the proces! of developing ?m» m-!hnd rmlr and were wasted, o5 it

' lack.

“Were) In’ atténipts: 5 p-rr.cv. PPropr

of spulmsna did not provide sufﬂclont data’on males. “Consequently, . |

.not. Be sexed.

“The method uised. In cdﬂnt\né the! Increments on 'the grounid ’ o

statoliths ‘1s an origlnm orier It Isitha: fipst to_employ’a pérmanent

tracing of a pr‘o]acmd Imag-, with ‘the ‘subsequent use of the tra:lng i

are /gt counted

the  actiial tir [<

dlr-c(!y as'in n& ‘mothodi raporteﬂ. ahd caummg toward an axpncud

numbar of |n=r-menu, how-y-r unmns:lously, for a“particutar size’ of

“atructure Bearing “the Intreménts i3 iavelded shd bviated;: The' mclnu'

* remalns as ‘a record of the incréments, ‘and'ef the counting, and thus
" - " 'k e oA

* enhance' reproduciblilty:* - e Y

- different focal planés, the countinig of thesé increnents réquires’

continuoiis focusing of the microscope, . The' abvidus limitatiory of the
. i P AV




ermits zh- -ccrdmn of

o from 't anajysls of & smon:h Tha{afnra, itds

®° . ‘contendsd that ;na method's n.vau:p_.a and reported herein-have da:lagd

flsn “and annelids (a,,a., K_ hish (1960 Paninella (lsm),‘ and Olive,”

. s i @
These.are; (1) (v'u"smlfl space r:qulrad for Il.ich work.

(2

-+ (1980)).

Nmited axpanso, sincs the. only. required. aqulpment Is'a mlcroprujucmr,

surv‘.ca-eoated lriror: an €34 ng ‘tima or- chnm]c.ls

a dark adapted: ar

are required for phenwraphlc l‘ncgufﬂg, @ caunﬂng bus is

wists (E pnpar-tlon of SEM

* eliminated, .(5) a paniarent r-mrd

méterial to view increments. Is.not ary unless ’_ rically - dlesired,

L) the results are;. repruduela!! ang the.uise of traciigs ‘make ceunting:”.

- drrors. uss likely_then With the Use of a microscor
T thl technlqua reires minimat lns:ruman and (9) the tracings hold a

i representation "of the History of the animal: The obvious rl-ws in-the

of the part o' the p-mn'wno makes the’ sracingsC e '\

4 e it s alsd of s!ﬂnlﬂcanu © note that Memvan (1983, has boen ;b

" tor utleu this trlc!ng mnthnd to.2ge the h!ke rophycls ‘¢l

(Wllbnum) and the. m?wd ‘also holds pramls- for’ ageing u tenuiis

(Mnchm)

“An idmlmd -x-:apxlon o'the benefits, of uslnq this -miethod nccurs

& \
when uquﬁ:lly clear e aré visible on & single pians and Jor

ne; (8) teaching - R

S

M WS R




i thnn v fic sch ln ‘the ot the nnlmau

& b,

" are best v}g}ma by aiéttmn m’lcresco’py, ds i :ms case of Evans (1972)

Wecebrosus In the lnshnrl waters 6t ‘Kewfoundiind 1s bimadiai (squyres, -~

1957) [ This” bimodaiity. appears to cceur: svery. tio ynr (sqiilres, “ 2

- personal’ communiicition). Durlnq late ‘summer:, 1980, ths aithor noted

< sqiid f'zm Congeption. Bay of. “smailer” mantie Itngths than thnst presmt

?npnrtunlstlc,

The fumb

claarly, the statolith lnlurgls by the addluan of gmwm ‘

-
Incramants and its shape abpears to Be |nm.uy dmrmln-d by the

mncu(- (Stuphens and Ynunﬂy 1982). smullth ihape is'

spcclas-cmnctuﬂsnc (Clarke; |97B) and Is- prol:ubly Indlclt!ve 51, :m

mmtlve and mmoouvurlng .bmty of ne sbedies o squlu (snpnans

- and Young, |ssz) Huwuv-r, tha speciflc factors Wwhich Influem:p the

A . .
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. Jh!pe of .the suwllth are’ unknown, as’is‘the’ mmhtnlsm of xncnment

vormmnn. 1n bivalve and gastropod molluscs, the gm\«m lncrﬂmnnts of

the shall are craned hy ucr-tlons of the cells’ at the mar\tle margln

“In .cept _nnwever, the i surface of ‘the statomh\
as no closa!y applied ¢ and p y
f. +ioccurs as a functlan of the of . dls: Ic!um:

wlth ,g'w' t

Jéte e calelum carbonats sollition (Jones, 1955) swhere’ crysull are. "

" deposited-sionig tha same axes

those & the chystal of the, spICUIq ol

Itselr. ans my Relp .xplaln why, the regularly arranged crysms of

(hq smon:h conunue thalry 1 nent.in

but t.

“ stil aua.u not “explali thu o?‘lgln of the crysta! \lrr.ngament

. By ‘Which ‘the ﬂnal 'shape of the ;tn:nll:h Is . determined, . Radtke: (1981

luggast: that the érganic cumponsnt of ths smnum acts as ‘a’ umpluu

ofor crystul far-mnlon but thls does_not xpl:ln how ‘o, why” the ﬂnal

dennniva shape is attalnad

The groupings of - 7, 14! urfd Incremsnt: are typlcully ns:u:!at.d L
\ -

withi lunar (1.

i tidal) pnrlodldtln. in many fish ‘paclas‘ such” as the

S sliver huk- Mm-lucclnus ‘blliiearis (Mitchill), “such Battarns eccur as: six

or.seven harrow Increments alternatirig with six:to_elght il ones,

(Pann.lla,'lQED)- Ec;th Kristenisen (1980) and. Roséfberg) ‘ot al (ISBI)

. have found simitiar pan-rns cons|st(ng 6114 light (1. e., with ‘a narrow

ok rmg) v. 14’ darker | B »mqelh-r forming ‘a

rupeaun‘g series of 28 Increments, In uanakgs tabricii ucn:emuln) and

- Todarodes (Laiarek) These gro. not

. the ‘meshs, -




o Engl!sh solu Parophrys vn!ulus Gird

« para“!) thb;u Feported here o [nucebmgua £

chah -n‘&us Howa\'aar, pattunis

:d'hslsz:g of . qroups of 7,14 or” 25[ xncmams np-raud by single

mr‘rewnnd I mese found N L

tly lighter or darker Ihcrm\sr\ts huva beeri seen in thl raer

promi

1
7
achnnlalmus Enxln\um (walhaum) and in the; dactnrﬂsh

dweﬁlna hogﬂsh

+ Acarithiirus chn—urqu (Bloen) - (Palmella 1980). " In"the estuarine )

one promlnnnt dafk Increment. js:

“formed after thirteen Ilqnur ones I(Rnsanb-w, 1982, *

At g unfurtun-ta, hnwuver, ;rm. the v-rlahlllt\( in.increment widths

Js- 507 gheat :and vrmgular, uspus\;ﬂy in; R2 of 1., lilecibrosus 5

Dark Increr may be_ oftén found

obscura the tical p y

amidst ‘series of seven lncr-monts, as well s at ma ends of s-rl-s

-Thls suggests’ strong -nvironmanm Inﬂuun on. Im:remlnt forml!(an

which’ m- passlhl‘y nrlglna‘ rrnm changes In temperature sannny, oF
fe fenim
d,apth lnd/or g 2 result of predation, purmlt, llines's o ‘other -
Imposed causati *rfm tical perlodicity; -altholgh k

obs’cur-u some, can'be found if, sahgh:, ahd is.well within®acéeptable:;

ung- for increment’ permulcmes\ in othier Ilght forms .

a

“The ‘griaph of number of.Inérements. plomd against da:s of c-pturc

C(rig. u). -is cal Nuwevsr, the

o
 curve Itself’ Is Very gentie and apiprvxlmatu a stralght tine. ** The

averags slope of thisiearGé! batwean Jate ‘February. and, . Juhe 20th ylulaa

an. estimate of. the! rate of grawth lncremant l'ormltlon of nearty: one

ln:remen: per solar- day: (es Incref ems per 31 solar days): \The'rate

!ndl:nud ‘for, the “smallest spndma s collected In February and early
M-rch was 27increménts per 3l slar: days. - The increment” fnrmatlnn

Fate reprasented | by the Iargesl spa:lmans collécted In mld octob-r was

14 Increments in 31 m.r days. 1ol nnn"_ssumes a perfect wrrelutlan %




Sotwegn the 24 houir 50 minite theckutal Biak cya (shud 1 Mopert iy o Ve

= perlodicity) and Ihierenmnt farmntlon, the “expected numb-r ov Increments

(Y £ plr 3) day-period-is 28. 9 “This compares: favourably. with thn

cl)culnud rates for Februggy to March(27 Increments per 28, s Tunar

b days). and February ‘to June (26 Incremenits. per 28.9° |uh7 u.ys‘), and

Indicatss a daﬂy rate of formation probabiy based upnn u"

perlodicity 'Tha lncrmon: 1ormatxon rate m\f-gomm ot squld . St &

.pmr-d in chnbar becomns one In:r-munt per_two daysi:

f hld.lly rate.

% upon tha assumption tht tha ‘rates  of lncremﬁnt \‘orml;lun fullﬂw a

Growth ‘curve,’ 1.s) . the rate changes a5 the anlmu lges Anhough

larval qrewm rates and rat-s of Incrembnt ormution may ;dlﬂ’er

1 R slqnlﬂunuy from ‘those' of tater aavolupmonm ‘stages'in fishes

(- : (P-nn-u-, 1980y, the postiarval growth !n:rlmmts ayph:any follow i
| &

uqula_" t patterns: (Al , .however, the. .

arrangemént of growtt /{l‘cremcnts In R3 Cthe region belng formed In_

specimens’collected. in- October) the growth Iricrements are closely * AV

) spaced;; most “probably due to decreased fesding... This-may resultin’ & .70 "
2 han’ O w Uoub BIANIE nete 60 1GRIMGORS C5) W peneheoraing ot 2 s Y T

‘certain days such that an-average of half .the number of - days Is
. _'rl&o}‘dad, or' (3) decressed Increment counts due to difficulties in -

TR i NN nsolvlng some of the finer Increments ln R3., A more detalied -

'of .R3.1s" pI 1 elsew in’ w. wark (pp 92; 102 103).




" fbinforce the_getieral rellablity of .th

_the. p'ol'nts lie beiow the'iline: i - " L

i ; .
:-near zero, i.e., there are’no llwzrem-nu whun there Is no statolith and

“vice. vers:

Although the Igter: siatamunt is not cumpl-taly irie dua to

"the pr‘ascm:a of the smlH kernel of- the statollth Before ncrements are-

formed (wnl‘f 1s'to b dIlcusnd later), the zero Inun-pt h-lps

phic model. Although: Liplski

1980) also‘plotted numbers ‘of In the ‘against o,

heonly. had nine. statomhs with clearly v[slbln Increments: over the’

‘znﬂr'e counting area” and thess. statoliths ware tiken from 2 Hm\tea siz

ge. of DML from 67"t Y146 mi. He Aigo ratisd te plot’ his data- poi

Sresent more.

than double hig range, exteriding into'the larval stages, and Gtilize
mors than three. tines the number of .specimens. ‘e

- In:the range of data pulnu between 750 apd 900 Lum stitolith

Nngth, the greater pr‘oportlcn of data points fie below the regression
line. " A)l the- specimens I’ this mmmh size range were. n the' late R2

{)hlss of statolith nrowth The RE qromh hase  is typlflld by wide
Fes

Its expected _slu s predicted by. the ssion lire apd i

The opposite effect

l-naths exceeding IOOD/um “Those statoliths;'were in:the R3 growth;

phna, thl phasu :harumrlz-d by.. val-y nar-rew |n:rlnunts If'RJ is

" mere per unit of

léngth, of stitolith Growth than as would be prudl::tad If the prnw:h

were truly I!near. As u nsult, the" d

exceeding 1000_xim In longth ile-slighly above the prudlclh:n line. n}

" may be furthor' _stated that because ‘of the diffarant lncrememal widths'

b‘lng characteristic of ‘different r-qlom,, a mors a:cur-m assessment of,

‘be’noted for the largest statoliths, -i.e., of.

points:for statoiith specimens




‘ebs.m _phenomena which | hdve seen: and now discuss.

v‘m!ma that the relationship of statolith isngth to DML Is curvillnear in

. ‘that portion Is'curvilinear. However, the iinear portion of the graph), :

E by being :linear, Indicates a K . value which Is “continuously_ changing &

"DMLito'bie linear ‘aiso, we stillget, diffarent Fates of charige ‘in K G.e: et

larval phases of fishes” CNesis, 1979) and the :hanq- noted hereln may

st;'llq'ht llm, ever mauqh tha linear . model" PP ﬁtly ms thc data

Quite wetr %r- 0:984). i) #

The" plot of "statolith length again'st .dorsal mlm’.la«npﬁh < (Fig:” 25), 3

Shows & tinear refationsHip for. specimens buw-n 100, imm and 275, Mm

:feunda log L ; ‘e only had t.data ‘above 120

mm DML where' a- straight ine _could fit His data points, equally wall.

i

T |

'DML; Although Llplnskl (<sao) plottedt statolith Iuﬂgth aaslnst DML - and B i
Unfurmnately, he did ot have g5rouah specimens of -smaller ‘slzes to i

Tha larval specimens lle well belaw the extrapolated line ard

the early stages of development. In fact, a.growth curve could not Be i
fitted 1o the data for-this graph-.due t& change In the growth coeffigient

)

K ‘may be’ constant In the portion of the gRiph neer the origin .If hda

Even If: we assumethe early re(atlnnshlp between statolith Iunqm and’

dh‘fmnt growth rates) bnlwsan the very: xmuH sp-:lrn-ns and-the * b

Juvw!lss and ‘aduie specimens.

Changes. In. gr7~!rr m-rﬂclunts e el m dlnlnguvsh

also hé‘% the oriset-of the Juvenils growth phase. Thls will be’
dlscusu in view’ nf larval development later In’ the. thesls (pp

100-101)... Kristensen (lsao) alsofound ‘a similar curvilinear relationship

betwesn statolith lannth and gladius’ length for nl. I less than 50.mm in

f
|
.




length and an app: Y linear p for larger speci TR

ey “be'noticed that on the graph here presented, specimefis of DML' A

Eatween 100 mm andl 28 mm reprasent data points above the r-gms;on

iife, “uhile. thoss between 160 and 190 mm DML yisld'points below the
s ) ¢

line; and those of DML exceeding 225 mm again -tend to lie.above the

' P 4 S
lne.  This may be due to a continued growth rate increase for the DML

‘up’ to.sbout 200 iim, followed by a growth deceleration. It is

y “that the A the proposed reglon of’
decreased growih rate'on the graph are also In' the R3 stage of
development typified by decreased food intake and narrow Increments

belng formed on the statolith.  Agaln, further discussion of these and

other. blological e with R3 P are to
follow (pp 102-103) . :

The plotting of the number ‘of Increments in the statolith against-

o~ 3
DML (Fig. 23) shows a large y-intercept at DML = 0. .Although the

absolute itself is at DML = 0, a

Yon of the embryolog sheds some light on the
comprehensibility of the problem.
Based on embryological developmental ,stages of Loligo pealel .

presented by Arnold (1965) affti photographs of developmental stages in
o

" embryos.of Illex illecebrosus by O'Dor, et al (1982), the statocyst (and
0 Iy -

P

i .
presumably the statolith also) forms when the DML Is approximately 0.2

a y-mnrcepr. very near Zero. At the time c? hatchlnu, the DML Is

n one-quarter of the length of the embryo. "This ylelds

about 1,5 mm (O'Dor et al 1982) which is still very near zero relative to’
v

the range of - the x-axis. However, as we shall see, the' statolith ™

nucleus has. now formed at hatching, Wigh, average
o d

]
t 38 Increéments

=




al, . N . .
nales and 43 In males.” With a continued slow-growth rate
. » 4 W ]

on, ‘th- ] -ph prevlausw dlscussed (Flg 25). This”
’11 nds rurmor <

the mantle upxa ‘n g fim DML

thare' Is less. v.n-xatlen in sumllth length than |n the number, of

4
) :raments of whlch tha stamlnh is cnmpr|sad . Consequently, If thé

hatehing d-to could’ be detérmined, “the, size of the sumnm ‘could be of ¥

Vequal’or even graumr acéuracy In detérmining “age thairtha tse of

hcramaﬂts counts. ; Th “assessment of the timé of hamhlnn, as

dotarmln!d in. zms work, Jar

aly duplnds an the” evnlu-tlon of the

Ish otoliths ‘consists of
H

rlnn (Panelia, -1980). "such a




fllecebrosus (Figs. 19 and 20) thus enabling the observer to distingulsh

the kernel from the adjaceni Ri area. The argument can be made that
the nucleus is, In its entirety, a.very small portion of the statolith and

not a larger reglon ‘as some authors have. stated.

For ‘example, no.a‘nbarg, Wiborg and Bech (1981) gave a mean

menuremuu of I8,uin with a standard aaytation of 4,um for the' area:. .

2 wm:h thay desigriated as the nucleus of st-wllths frum the

ephid Todarddes t Thi 7,.' clo;ely Wit

my / calculated meery mensur«nents of -the maxlmum n

ear Fadius or,16.9"

A with . sband'nrd devistion of 1. .5.um for’ 1 ‘illscebrosus. . Na oter

authors refer ta such.a: small nucléar area.

The statolith region herein known as Rl Is typified by Increments

which may vary somewhat in width but have rings which are quite

consistent In their darkness. Region ohe thus has a "homogeneous! ~

appearance relative to 22, where increment width and ring darkness are

much more variable, - . gt

on

- of 1. illecebrosus.

Several authors have' equated

RI with the nucleus.’ Discussion of the types of Increment arrangements

which. they describe car be f:_clll;amd by reference to: Figure. 29.
Kristensen (1980) 4‘,;’::-1};;; the nycleus of G. fabricii as being 160
m in diameter and labels that area as Zone 1. "It Is cléar that this |s‘r
not to: be Eq‘;nea with the t;{da ;m:laus but rather :ﬂr‘ms‘pﬁnds
structurally to ‘the ‘area which | have desighated as Rl in zh;gtatentn

Spratt (1979), working with the loliginid Loligo opalescens,

cribes an area of “Ir with W widths in

o




‘FIGURE 2. Dlagrammatic’ répresentations of tracings to
show the different’ patterns of Increments in

different. areas. of ‘statoliths. as. described and

lled by various authors.

Shratt-{1979) on ‘Loligo epaléscans

¢ R
N': SNuclens®

21 - Zone One
' 22 -.Zone Two
73 - Zone Thres .. - "

24 - Zone Four ' Y.

".Ri:= Reglon-One

R2 --Reglon Two

.. R3'- Reglen Thr
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“young" specimens and larger increments of irregular thickness
separated by five or six smaller increments “In older". ~The area
characterized by narrow, evenly spaced increments is the ares he:

quates with-the “nucleus”. As.In the.case reported by Kristenseh

(1980), Sprm‘n : u also por ) what I.have

daslgruud as Rl. with” Ri h-r-ln -lng exclusive of ‘the nn:l

Llplnskl (l97l) d

lllecebrosus as’ h- /Ing -buut 40_narrow yrdmh Incnmum.s This Is

Rl l;\ut

A "}uvanll- statolith

——
App-rmtly, these .uthms (Krlstenun, 1980; Spratt;- 1979, and',

Lipinskl, 1978) do not rocoqnlx- the n betivisen ‘th | ype'
pmlgtypalvnuclous from the adjacent igrowth area, RI. | see little
justification for falling to delirieate the nucleus from Rl for reasons ‘of

striking -visibility, clearly mndicating its unique nature:Fig. 19), ‘and

for. reasons evident upon consideration of the ontogeny of the, individual

sutn‘lm- As I have :uud. the nucleus Fepresents the statslith'in Its

ﬂmn!y at & Very early stage in the life‘of the ommastrephid. and the

h.velopm-nt of the statolith. The region designated. Ri ‘s clearly

distinguls r

le ‘from the ruclear area, as well as from R2,-and i.

i:.nnot, Both ‘for mi—‘pmlnqlul, incremental pattern, ‘or. bioiogical

reasons accept the eom-n:Yoa of othiers that the niiclsus

< aversin plrl tensen; sm-n:z and Lipinskl

re’to b- ! d for:

d a8 & distinct entity vrum o

. nu:laus.. Hopefully, uchnlquos will be fnund as“this ltudy s mn:lnu-d




(]

An insight into the nature of Ri can, be gained. from. ah ‘examination

a5 o #‘gqrn 24 and 26: We may note here' that the prldl:tld date of |,

initial lncmmant formation” (uswm!ng ‘a daily. rate), is mi -Daumbar . 8 %

whareas the prsdl:tud date- ofqnm-l statalith; formatlnn is on or abolit

. 2 %
danuacy. 2ist. This s nbvlnully an lmpo-sh:lu situation but. the

mmr.almry p_rodl:tluns may. be relnlvad by the- hllnwlng lxpllnltlcn e T TS

1t e assume that R(-is, omplstel

ror-mad at; hutchlng,

¢ shown E5ibe the cage 'nr the, -qulvalunt reglon In statoliths from G

ricii by.Kristensen (1980, ‘then lha spawnlng'

ate ndv,ancss byaa v

iricrements. (the riumber of. Incramenits in Rfi\fmm d-December to

appmxlmately Janiiary. zszh ‘rhnuqh thls feaves anly “five, days uetwnen -
" o]

‘the first appearance of the’ statolithand the complutlon of R1 with'38

lncramems, It colncldes with the appmxlmne time nf sumcysz fcrmlﬂon

at about taur'ts five days. after ‘(based qn.

phs by '

£ 0'Dor; et'al usaz> and embryohic slagl ‘of. Adhold 965): - 1t also.

" cofncide: wnr- ha;cnlnn at. app! y' ten. days - after zation. 5

ari be. fac sted, b

+a can food

supp[y'frnm me yolk. . The sonsl.stent nptn:-l dunshy of the: angs In Rl

¥ and therelative consistency of increment widths help Bear gut ‘this

, ek y_rapid rates of |ncrament . depésition

eanbe ‘toina tn othir malluscs, such a3 farval purcpnd! ‘whei

“averages ‘of 12 !ncnm-nu per day.‘can be piaced on.the shell CPanneila,

1980). % . reats T »

A further argument that Rl must have beeri formed.before hatching "~ "

“is the predatory habit of the rhynchotelthlon. H:vlng littie of o g

* pemaining yoik at, hatchlng, thn larva must rqu on prey fnr sustenarice.




9"

which; in turn, Implies ;utacyst/sumiuh' ystem of sufficlent *

complaxuy to accammodata this Hfu style. 'In the’ light uf“t‘hl' Euv-‘

argum-nts, its dlﬂlcult 16 ‘refute the presence of Rl of tn- staf

_the tln\e or hatch!ng Furthsrmar-, the da

which: 1 pradlct for. the

‘compl.ﬂon of Rl formation (J-nu-ry zsth) :elncldas weu with the: "

.»prldlcttd spawning date o' late January. or urly February” (bu don

rugresslon hy mun m-ml- Icngm) by Squlres (lss7) ahd -colncl;

with

h i, and por

*Ghe: captisFe -of

" liiecebrosus in Fehruary by La ol Rop-r (|979) and-Vecchione (ma)'

R-g;an two *(R2) begins formnlnn -upo atchlng and’at ‘the tlme

of It: compl-uon comprises the bulk of the lncrement boarlnn pnrtlcn of

- th stammn 115 also this r-g!an which Is ‘typleal of ail the stages of

; statolith dev. lopmarit’ from tha ‘end of the pr!mnrdlal stage o the

jb-glnnlng of the adult. cansequen:ly. R2 15 tna uqlnn respor :Ible for.

= the, -p-cl-s-charanarlstlc form of the “statolith JIn the adult Zonfiguration

and.is the rsglon which -bears - thu largnst and bést record’ of evants

durlng e dnvelnpmunt. The ln:remem.s of Rz (are mors Varlable in’

w|dth and the rlngs hore v‘rlablu in darkness m-n i Rl or R3, .‘

: Indlutlng that 'R2 ropre enits tha perlud when the squid Is most.

+ éxposed o unvlmnmantal varlation whlr:h causes perturbutlnns In

crement furmatlcn. i

whlch he finds’ rlnas larger: and’ more lrrogmakl

sp.cod than thosa taid.

‘ dovinin ycungar cifme ‘Becal ‘_ t.ha tiguity of the:

‘tna irregular quillty of tha rlngs, I equltg the axtr.nu:lem‘ rea . of tha

statolith ‘of L

opalescens. with. R2 of .the statolith of I

fliscesicaus;

olith at . "




Y

Lipinski (j978). obgerved wide growth iricrements outside RI and

ascribed.a monthly périodicity to, them. However, ‘these monthly §i -

ré are’ ot y ot the Increments which I describs, since In |

it v)are-x‘o assign
in an

“ ~aduit age"of IS years. Thls Is_untenable Eoth beéause ot the evidehca .

dult speclmans he cnncludud ani age’of two years

*‘of 4 ane ér oheé-and-a-half yoar ite cy:le (Mesn!l, 1976;. Squlras 1967)

’ana' the h&m’/y predation by Bothesd whalss gslnmcagn la. relair -

III)), numureus spacles of- flsh and sea blrds, lnd man.. Evldently,

(hn preparation methods used by‘ Llplnlkl I his early nudy (ig78) did

ot allow, tha ﬂegree of resolution_which | and Lother. authors havo ) g

obtaln:d. However. Lipinski (|980) lawr revised his ustlmata o a’dally;

p-rlodlcny nf lncr-m-nt rammlun and’ shows more lncraments -than

scrlbad in hls nrnar work. -

szénuzné' :

Krlstensan (lsao) das:rlbes an su-aa wh|c he fabels,

find nol such Dorruspnndlng area

being lyh iand rathei: uniform

1N

“imme(diately outside RI ln 1. Ilicebrosus probably duie’ to sorfe yet -

"unknown differénces In the blology of these’ two specles n early Iarvnl

life. Howaver, he dascr!bas Zone 3 s "dark-and obviousiy dlv‘l/ d

p-mudlul lncum-nts" ‘Based upoh this ‘description and the e

: 2 \ guratiohs eVident Ir| photographs. of “ground ‘statoliths or_

fabricii’ with. R2 of . ‘illécebrosus.

- vabrlcn, 1 'equate .Zone 3 of-

L 1t'Is early-in the fam\atlan of R2 mat we observe ln-!n:rnnsa in
U

the gmwm rate of. the mantle- relative to - the su\nllth dength.

S i Almaugh this :hunga uppirantly o:curs inia Portion, of the qraph for

7' We note-that the change In'K 13 due to"an ‘effect on themantle iength
“and not the: statolith length because:an effect on-the. statolith would be
irefiected- In ‘a.change:In ‘the width or arrangement 6f the growth.’
_increments.. “No such: major perturbation occurs.in RZ and. the
relationship: of number of increments to| statolith, lerigth (Flg... 22) 1s-
essentially linaar. 5




- i he above nn!wl!hs\andlnu, i

which. 1 have:no dlt. we may -stlmnm that this-transition occurs at an

; -ppruxlmat. DML of 50 mm. This® ;lz.a is alsn the npproxlmata ‘oML

which. | would nxpn:t to correspond to th- pre )uvunlll stage of

S By .sntelltn pment which, is " zed. by of th
. @ . g g

baslc structures found in-the uaun stamllm,

o the specimens

A r-tharmnr-, lg may be nozad the at. the lary

takeri in, la Fobruary and éarly M-rch with DMLof . 30"rm- still possess’

chi lctar!st)cs whluh l:cordlng o Nesis (1979), aré typleal of

observed. that the smal

| ‘speciten Eollectad as. 5, mm am.) d all of ‘the

outlined nbove and cmd by, Nasls -as ‘larval chl lcterlsﬂcs Indeed, *

_other o thus 2 j r Scent of: the

" morphplagy were demonm—aud Y, the smalla!t sp c)mana, lncludlng a

“posteriorly convex fin suck budl ot pri dia’ on. the

!lps ot'the arms. s and:a wlda prcxlmal aperture. to tha» Hyponome.

Bacause n\‘ me .bov- factors and becauiss: thnre is no: clear

A diséont

ity In RZ f the statolitn which corresponds m the change
“from the ‘rhynchotel to.the', post e sngas, | do not

accépt, the concept: um the |-rv.1 ‘stage of the cmm-m-phldn ends-

wlth tha division- of, the rhynmus o form_thé nnt-cl-s, as staud by

&1 transltlnns
G

i
S




. larvalstage ‘of 1. |Ilmbrusu§-kur‘ds beyond the end of the

rhyhchot uthion at 7.5 to 8.5 mm DML, ‘even to ‘the hange In‘the

-_‘gruwth cosfficient of, ma,m.mla at Sf’ to 70 mm‘DML‘ “This changé In i '

&rnmri 1 is i by|1) the nt of the- statolith A !

r foan than In the adult’.2) by the

the

lnto a slmllnr‘ but: samuwhn ‘smaller. ror~m man(aund in. th ndulc.

AII spac!mons of.1. illecabrosus ‘capturied. |n October ‘and used i

mls nudy bnrl narrow ‘e lnly spaced. uruwth lm:raments on th- Dty

pe lphery of - the lncremant bnrlng pnman of. tl'\e statoliths. Thll area

Tes

! data nppenr o cxh!mt a sunht ﬂecrnlsa In the rate of gruwth of the

"of n-rraw lncr-m-nts 1585

ng ‘l‘ﬁa ocmb-r v

Aspr isly i :h_n.

muntla Tha maln cause or ulowad grnwm in marine’ lnvcnubrﬂns u ES sl

dacrusad food Intake (Hnllam, lsss) anq such anpr-lvulnn of ‘even i i

_fnstlnn can lndu:- nlrrcwlna of, growth lncrgmants in shells ‘of .

Mercenarla mcrc narlﬂ (i\ ). (Pnnnalla an

: ’xmnms of the .drum fish Lagemls cx-n.nus Refinesque (Taubart, |s7s). e

Rowu and M.ngold ~(1975). repcmd xha

lr?ducea Jinil. lite by’ starvation J-r ¢ a 3




“1
)

|
2

) couints are prnhubly du- to différences’ in m- condmuns to whvch

Al “specimens collectad In' October In- this study " riot.only. were e In’
tn R3 stage of -umnm qrowm, but were also’noted o have ‘some
degree of ‘gonadal: developient. Because ail ‘the specimens cnl!octad In
Octaber. were In the R3. stage of statollth “growth. and" axhlb!t-d‘ gonada|

development; it ‘is entirely Blausible ihat R2 represents the phase of

growm wnn:h prepares the squid muryhulaglcally for. lts cpﬂmum ﬂmcss'

and R3 represents the phass of ‘fasting’and prlplrﬂ102 for spaWnlng

= Dnspl(u gmm pro af i mnnts ﬂ:r

Ind\vInuals were ub}anan durlng growth . Food avallabllity, disease,

tamparnura changes and. oxygen d-bt are f-ctors Known' to.affec

1m:ram=n! k. g:zﬂm other mnl)us:s such a5 Mercenaria mercenarla
WwhH (Konnls L % it g e

oot 1




nnnnm mmnu within a glven sample_are generally much less than the

“-relative ranges and standard deviations obtained for Tncremant counts,

5 cnnsldarﬂﬂon

@ lntnlndlvldu-l variatlon- in stamu:h fength is mlnlm.l although.

shmll\h rnrm ‘andIncrement counts _sometimes vary; (3) obServer »mu ¢

1 _minimal;* (4) Intarobserver variation is minim:

H (5) th oﬂly ml]or -

lqulpmant r-qulnu is a microscope wm. a calibrated -ylpl.:-

These fnctnn jend this  method m pr-cuul Gse In. fisherles:

Tm obvious faul In this techn

- Frecor ; of the history of the animal. Such™# 1

) by ‘the m T

effects: on Increment formation would

|




i &
Indlvlduni specimens to, wark wlth, counting the lncremenn by eye:

would lnvulvu several. counters wno must be trained. . This nlnne

: lntrodums the posslh‘?lhy of error or, variation between Bbsarvar%. A

more precise and: a more emneml:nlly and tmparalw e\'ﬂclant fiethod

wou!d invalve use of an optical : mlcmd-nslmm-ur nnchad o8 wmvutar A |

ifnk-up:

Tplt slgnnls frnm the, d nslmmamr could- be, compa

- “standardized ‘scale. gnd Increfments could. be puwmatl:.lly coun;

totals: or subtotais of increments of different dansities. . Such

53 ngbuntings: dould’ be performed by a slngla ‘person. and :hus' reduce.’

i dbserver’ ‘ibjash - Usa of,a standardized seals wédld enmlmu subj-cﬂv. G, a0

2 deslgnatlnn af “light" and “dark" In:r!mants and, depending’ on the

scale of gradatlon), fead to the posslhlll:y to dotect Incremenits not .’

Vvisible other mezho‘d presently Used. Sk

SN

" The: statoiith ana' ha ‘!urr‘oundlnq su-ucmms of'the smo:yn are” ;v
- it !

ception ‘of ‘the spatll and. |

changes In: pnsltlanlnq of the caphnlnpod We_may ‘thus -xpect any

X

change in the flictional fori of the’ snmum 1o be r :tad i

s .7 ostatocyst strucxure and’yice veris, Howaver, with the pr'unt state of




:uwcyst/sutcnth ?uncﬂon

sumln.h and’

can ba ined by. brief.

sto. the v 5 138 e patal force. acting.on "

¢4 where F'= centripetal far:

.m = mass of ‘the

b]c:“.‘“‘_ lﬁ

vnlbclty of th. cb]ect about a polnt‘

radlus of urn’,

i suppese we ciricaive nf two stwctur-uy identical squld: of :

" different Jengths nxucutlng ths same turfi .relative to thalr s!zu!, nvsr :

the same’ period of time. w: nate that’ tha smnnar squ|d s nbnut a’

\r‘elutlvn I’or‘:., but. m- volecxty (unlt it

“smaller. radius and ln:relsts the
df.stanc-vpar unit tlmu) 1. also Ilss znan m the larger .n!mnl -Axthuugn,

the decrns-d radigs: causes a. mather auc-uy nrv-arv increase ln force;

the accnmpnnylnq decrease ln valoclty clusas a slmult-nauus xpunantl-l

de:raasa n farcu. This calises a. net.ioss ur untrlpatal force in :hs

smaller sp: e ‘The m.!n!enlncu f a force of sisticient amplltuua to

ma Inr‘gel' animat may be imaintained by lncruslng the

mass_belrgl acted upon, T:e.; the statolymph gr the staml!th, ralaﬂva to

the. sxu or the mt. anlm-l In fact; a szamcyst which is lir‘gl relaf

to the uverall body size has been: noted. in ‘several- Iarval uph.lupndl

(l.hlkawu, |924, Plckford, lsao, Si:arrlu, |943). Conversely, mg

st-tollth of ma qlunt squlu A-—chmuzms dux smns:rup 1857 1s vnry




e L j

iThe use of th

techniques herein described can be utilized in an

examination of the two size classes so often noted In Conception Bay
-and, athar’lnlhag- waters of Newfoyndland. If sufficlent squid were
avallable ‘such that one could take regular ssmples thirough an ‘entire
Insharo season, 'a season ch-racsorlzad by a bimodal size distribution,

& then compurlson of. stamluh slzu and. the number m‘ Increments therein

i could ellucidate :h- naturl of the blmad-llty nctud. i

Ir\ zhaz veln, assuming that ‘Increments: are fald down- with "

r-guurny, a Iarger squid contnlnlng a suwnth with the’ saine numher‘

Tof ln:remems as a sinaller one Implles faster grogth.for the': tacger -

'speclman VoS y dlﬂ’orlnt ¢ wum.s fnr the

two' size clisses lmplles that the' squld are of dlfferent ages. The
.

greltust obstacle with thls or . any typé of. poputation study of 1. ¢

illoubmsus is ﬂndlng squid: on subsequent occaslons 'In a q|vln season
ina paﬂ.lcular area to help pravent possible sampling ot different
stocks.. Such unblaled sampling Is rarely possible even during Yoars'

, when squid. are plentlfuy and ralaﬂvaly nslly avnllabln for biologlcal

“of the’ 2 of

‘the nex: statolith,  The rymiform Tguriation., of the Primordial

staqu of stnmllth d-valopmmt ferms. during, the pm‘lod of RI formation

and the »l-chrymlru im :shape-can be seen by tracing; Inany plans

. Dtralle] to the, long axis o the'. ‘statolith, 4 single R increment along its

antlra ceurn nround the ‘nucleus. The suma \‘orm can'be traced rur the

rllest Increments of Rz, but the:'shape ‘soon becomus distorted as the

3 'statollth .nurs the Dgﬂnmve sr.- o of dwclopment at a slza with & ‘DML

of ‘approx y 14 min. : , ‘the . suge Is present

duirlng the entire rhynchotouthld lérvaP stagé and- or plrt of the
{ i, .

postirhynéhéteuthid’ farvas




It is in the Definitive and Pre-Juvenile stages that the greatest

changes in the form of the statolith occur. . These stages are found to be

reppesentative of specimens in the later larval stages, I.e., the

P and In the
configuration of the statolith from the lachrymiform oneof the
Primordial to the more complex. shape seen In the Juvenlle stage.

The aniagen, or fuundltlcns, of specific_statolith sxruccum so

clearly ‘evident - Jin the Adull stage arise during -the Definitly

stage.
The sirigle exception. o thls Is the rostruin ahlag; whlch s first -
evldnnt in the Prlmnrdlal stage;, Ansumlng a conﬂgurltlon clearly similar

fo.the adult rastrum‘ls ‘early.as- the Daflnmva stage.

During the Pre-Juvenile staga, the anlagn ar-—dlv-lcpod to such
an extenb-that the smonm Is ‘Characterized by all the adult structures
in their proper positions and In approximate proportions.: It fs of
importance to noté here that the end of the Pre- juvenile stage roughly
carresponds t6 the change In growth constant (DML/statolith length,

Fig. 25) of the development of . the mantle which signals the end of the
larval conditiori ‘and. the, first attainment of an adult morphology, albelt
in miniature. ’ ) 4
uuryng;‘thg Juvenile ‘stage of development, the Aaul: sémllth form
" is claarly discernable and, with the éxception of the sexual organs, the |

body morphology s essentlally that of the adult. This stage Is

therefore ‘not one particularly characterized by:a change i smamh
shape, but of an. Inérease in size of the statdlith, ‘even o the size
charactéristic of the adult form’. -

A ¢lear demarcation between Juvenile and. Adult ‘stafolith forms is

"diffiéalt to define; but' it may be said that the ventral -portion: of the




medial fissure Is widely open in the Juvenile stageé and closing In the
Adult, and the foramen of the Juvenile shows no deposition of crystals.

-The Advanced stage is very uncommon, having been found in less
than i of the more than 400 pairs of statoliths of 1. illecebrosus | have
examined. “Afthough specimens with te faramina filled are often found,
an -mpmym.g closure of the\medfal fissure Is very atypical,

particilarly: closed to the extent as Is lilustrated in the: specimen shown

in Figure 18." This'form, i. ', the Advanced: stage, mly unc-lv-bly be

Within the.range of ‘normal variation that may h- exp ted In. the adlt -

;unﬂgurmon, but at ‘the prl!lnt time 1. h\v. rio' Basls, fur an S

ation :11 thi$, phenoménen, othnr than to suggest ‘that it

nis the final. configuration of ‘tha statolith that is typical of the

’ Ommastrephid after. it has Jeft the Insular waters of Newfoundland and
begun its supposed m'.h-rly migration and It$ assumption of its. basic
oceanic habit. ] % - )

Futuré study must b- undertaken in which more specimens
representing forms from a wider range of distribution, size and age wili,

be porated. To Fstand ‘the of this-species with

pa o to the onal morphology of the
xumcyst/sumllm ly.um of maculae, " C"'S“‘; and 'nunc' “studies !’l\-lll
not “’ nxclunlv.ly with th. ‘configuration of, Ind changes in, the

statolitn, but be concerted with sludl!l of its lnur-czlom with the

nd the cristae; 1.e., the entire statocyst éomplex.

Little ls knnwn of the interr ations c' mmmn and ststocyst ... §

forms, of hnw‘thnu forms are datermined, or even How. the different

morphologies of th

the’ mode of life of tive; forine mnumlnu mun. It Is clear that a fuil

e. highly sophisticated balance organs are adipted to




10

r hg -of the . system depends or how and

why each portion of the system grows and attains its functionally -
optimal configuration in each species. ’




" (4) .Age of specimens of

CONCLUSJONS

(1) The repeating patterns. of light 'and dark lamellae in statoliths of

rosus are true growth Increments. .
’
@ A sultable mnun:lnq and grlnd!nq m-thod with a high Success ‘rate

has baan velc for tm,, ep o ‘of teuthold 1 from

both sexes:to allow vlewlng ‘of . the- lncrem.nts thersin cuntilned.

'lieéébrosus may be more dcciirately "

determined by sntullth length th-‘n»B:snwnm {Ihcrement :

cuunts up o appmxlmatoly six mcnths of ngk

1 (5) ‘The statolith: Incr-ises in size very rapidly, during th.

embryonlc gruwl:h ph ' :This perlnd of statollth grnw!h

[ Is demarcated by the prlmordlsl stage of stnwﬂth rowehy

type of lnl:ramenu'

(O} Pustembryun!c gmwm to’the ‘onset ‘of gunadal dwelapmum

‘3 sexual matubityiis r.prus-ntud in :ru Statolith by, a reglon

of gmwth Incrumnnts ch-murma by Highly Varlable Increment
width and -ririg opacity: o




12 .

(7). As sexusl matufity’ approaches, the Increments on the statolith.

become moré narrow, and moFe unifarm In thelr width:

(8 The. larval stages of the: development:of ‘I lilecabrosus’ extend
- ‘Well: past the end: of ‘the rhynchateuthion stige at7.5 to 8.5.mm

DML, up' £0:50°to 70’ rim DML whe

+ adult’,

PR

ent - unti | ape that of -

This shape is. formed: difing the ‘pré<juvenile. stag
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