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growth increments correlate best with daily growth in juveniles and
monthly growth in animals over six monthes of aqge. Kristencen{17807
-.showed .peridoical..growth. rings .in statoliths of Gonatus fabricii
to have daily, fortnightly and monthly interpretations based on
known growth rates.Rosenberg et.al.(1?81) described daily and
fornightly rings observed in JTodarcdes caqittatus to best :
correlate with growth rate information., Hurley and Beck(197%» ‘and
Lipinskid1¥281) could not asciagn a clear pericdicity to the rings in

I'llex illecebrosus although the number of rings suggested a daily
interpretation was most 1ikKely. Either poor readablity or poor
definition of cohorts may have been a factor.

Rearing studiez offer the best chance of validating the
age.EP0 of cephalopods. Choe(1943) showed that the shell stripe
line of cuttlefishee formed cne per day under adequate nutritive
and environmental conditions in Known-age animals.R.
Hixon(Biomedical Institute, Galveston,Texas pers. comm.) has
tentative evidence to support the “one ring per day’ hypothesis for
voung Kriown age L. opalescens reared in captivity.The application
of this approach to 1. illecebrosus is hampered by the difficulty
of maintaining larval animals for more than a few dayre(0'Dor et al.
19775 .

An alternative might be to to put a “time” mark on the
statoliths as suggested by Hurley and Beck{197%). Results of’
zuccessful efforts in this direction at markKing statoliths of
l.illecebrosus * for the first time are presented below.

Materials and Methods

Squid were obtained from a trap net located in St. Margaret’s Bav
on October 20 198Z2.They were held in a containor of chilled
seawater{d C) for no mare than two hours during transport to
Dalhousie University in Halifax, Nowva Scotia.The» were then placed
in the pool tank at the Aguatron Laboratory, a description of
which is given by 0°Dor et al.(1977).They were maintained at a
canstant increased photoperiod . of 14878 hours: light/dark.bater
Temperature were maintained at between 12 and 15 C. Salinity
varied from 230.8 to 22.1% during the experiment.

For the purposes of this paper the results of marking
trials on two squid specimens are presented. One of these squid was
fed a whole, cooked shrimp stuffed with 75 milligrams of
tetracvcline HCL on MNovember 1%, 178Z.The other specimen was fed 2
shrimp on Movember 17, 1982 that had been scaked previously in &
solution of 1.2 grams of strontium chloridedsrC12.8H20) per
milliliter of distilled water for 24 hours.

Individual identification after marking was made posceible
by recocgnition of specific skin abrasion patterns peculiar to each
animal .Feeding during maintenance was ad libitum with untreated
shrimp .

The tetracrcline-marked individual died on December 13,1982
while the strontium-marked individual died on December 4,1932. Both
animals were females in a very mature condition when campled{Tablel),
Extraction of the statolithe was performed by making a single
oblique tranzverse cut through the statocwst exposzing the paired
stataliths in their maculae.The statolithe were transferred to a
aglass microscope slide using a fine pair of forceps.Only one
statolith of the pair was ultimately prepared for analysiz.It was
mounted with the antero-lateral (concave side) down on" the glass
slide in a s¥nthetic medium{FROTEXX).The mounting medium was
allowed to harden ‘minimum 24 hours? before grinding was
attempted.The grinding was done using a succession of carborundum
papers of &00 ,1/0, and 20 grit until the grinding surface
extended to the edge of the statolith cloze to the maximum radius.
This coincided with the exposure of most of the outer rings on the
grinding surface which helped to resolve the rings better.Each
statolith underwent a final polishing with 1 micron diamond paste.

Progrecssion of grinding and palishing and general wviewing
of the statolithe under bright field was accomplished using a Zeiss
standard Phot | microscaope at 200 and S00X.Photographs were taken
using a 35 mm camera with Panatomic-X film. Since the rings seem to
be visible on different planes a . drawing arm was used to map the
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Tetracycline-derivatives have been ussd in seweral studies
to mark the bony parts of fish for ageing studiesi{Kobarashi et al.
19494, Jensen and Cummings 1747, Weber and Ridgway 1947, Holden and
Vince 1973, Odense 1974 ,ild and Foreman 1980).This technique i=s
bacsed on the fact that antibioctics are abscrbed by the fiszh and
deposited in newly formed otolith crystals.These antibictics become
chelated in developing bone and flucresce under ultravialet light
~of the .appropriate wavelength.Although not precisely Known, the
doicage administered in this experiment seems to be within the range
if not =lightly lower than that recommended as a csuitable level for
fish{Yamada 1771 ,Weber and Ridgway ibidy. From the intensity and
width of the tetracyocine ring presented in Figure Za ,we can
surmize if anything that the dosage could be reduced inm crder to
narrow its appearance. .

Strontium marking of fish otoliths to date has hbeen
limited to use in distinguishing between hatchery-reared and wild
stocks of salmon (Yamada et al. 1978,1981).Analysis of strontium in
these studies was by chemical means rather than by the electron
microprobe emplored here.The principle of inducing & mark in bony
tissue by replacing the Ca++ ion with anocther non-toxic divalent
cation such as strontium ic the same.The definite marK seen in bath
the X-ray (Figure la ? and the back-scatter images{(Fiqure 1b) lent
itselt readily to proiection on the ring map .The fact that the
presence of strontium can be verified by comparing to a standard
and ite relative non-toxicity is an improvement in some respects
aver the tetracycline method. i

Perhaps the best technique for ageing squid will prove to
be by cold-shocking them.Figures 1c and 2b , seem to show
similarily identifiabie rings which closely approximate the date of
transport of these animals to the Aquatron in iced seawater.Mugiya
and Muramatsul {78Z) observed that of several treatments,
including tetracycline, cold shocking left the most distinct
markings in goldfish otoliths viewed in the scanning electron
microscope.Taubert and Coble ©1977) alsc reported that below a
‘certain temperature, rings are not formed in sunfish otaliths and
that Tow-temperature induced annuli formed, as evidenced by deeply
‘etched rings.Ilt would seem plausible then that any disruption in
statolith growth would be visible also in transmitted light.

The mechanism controlling the formation of rings in
Cephalopod statoliths is unknown.Studies are currently underway to
investigate factors responsible for ring formatiaon in fish otoliths
such as variability in feednnq and tempersature regimes. The
application of induced “time marks’ described above makes possible
the opportunity to walidate the use of statoliths as an ageing tool
for squid, even for those cpecies which are difficult to rear in
captivity. .

AcKknowledgements

The authors wish to thank Me.J. Dawson who helped in the Aquatron
and aided in the preparation of the statoliths.

Literature Cited

Brothers, E.B.,C.P. Mathews &R. Lasker. 1%74. Daily growth
increments in otoliths from larval and adult fishes. Fish.
Bull.?4:1-

Campana,5.E. and J.D. MNeilzen 1582, Daily growth increments in
otoliths of starry flounder{ Platichthys stellatus > and. the
_influence of someé environmental. variables in their production.
Can.J.Fish.Aguat.Sci . 29:937-942.

Choe, S. 1982, Dailr age xarkinge on the shell of cuttlefishes.
Mature (Lond.) 197:304-307.



. Odense ,P.H. and V.H. Loga

Clarke ,M.F. 19245."Growth r
Moroteuthis ingens (Oegops
Malacogial{2):287-207

1788, Review of
squids. In advances in Mar

Holden, M.J. & M.R. Vince.
centra of Raja clavata u
J.Cone.Int.Explor .Mer,35(1

Hurley, G.V.and P.Beck 197
statoliths from the ommasct
Am. Malcol. Union 1979:23-

Ikeda,I. and &. Kawahara,
Loligo » estimated from si
1980,17 p.

Jensen, A.C. & K.B. Cummin
tetracrcline to mark scale
Prog.Fish-cult., ZF{3)r:1&4-

Kobayashi S., R. Yuki & T.
shellfish:I. Tetracycline
in young goldfish.Bull. Jp

Kristensen, T.K. 1780, Per
statoliths. Dana
1:39-51.

Lipinski M. 1?21, Statolit
determination. Bull.de L~
No. 1o0-11,

Mesnil,B., 1977. Growth and
Illex illecebrosus from
No.2, 55-&4%

Mercer, M.C. 1747, Bicolog
ommastrephid =squid, Illex

-5 -

ings" in the beaks of the squid,
ida: Onychoteuthidae).

the sretematics and ecology of cceanic
ine Biologyr, 4:93-325.

\.I
[

Age validation studies on the
tr

1
i acvcline.,

7
ng fe
13-17.
?.The observation of growth rings in
rephid squid lllex illecebrosus . Bull.
29. i

Age and growth of common American squid ¢
ze composition, ICNAF Res. Doc., 75/1% MS

as . 1747 Use of lead compounds and
s and otoliths of marine fishes.

1'.." s

Furui. 1§84, Calcification in ¥ish and
labelling on scale,centrum and otoliths
n.%oc.Sci.Fish., 30(1):4-14&.

iodical growth rings in cephalopod

he as a ﬁossible tool for _quxd aqe
fcad. Polon. des Sci..Cl. II.Wol. YYUIII

life cyvcle of squid, Loligo pealei and

he Northwest Atlantic. ICHAF Sel. Fap.

cal characteristics of migrant
illecebrozus (LeSueur) in the

Newfoundland area. Amer Zg
Mugiwva,Y & J. Muramatsu 1§
electron microscopy in go
48(9) 1 1225-1232. ‘

with Oxytetracrcline. J.F

0'Dor,R.K.,R.D.Durward and
maturation of squid ¢ Il11s

al.Vol.% No.3,Ed!

€2Z. Time marKing methods for scanning
dfish otcoliths. Bull., Jap.Scc.5ci.Fish.

. Marking Atlantic Salmon ¢ Salmo zalar )
sh.Res.Board Can.Vol .21:¢3):348-350.

M. Balch 1977, Maintenance and
lecebrosus 7 in a 15 m. circular

pacl, Biol. Bull. 152: 322

X

Rosenberg,A.A.,K.F. Wiborg, & 1.M.Bech.1981. Growth of Todarodes

saqgittatus <(Lemarck)iCephalopoda,Ummastrephidae? from the Northeast

Atlantic, based on counts
86(1):53-57,

of statolith growth rings. Sarsia

Spratt J.D.1979. Age and growth of the market =quid, Lalige

opalescens Berry, from st

Squires,H.J. 17&7. Growth
bait sgquid, Illex illecebp

atolithe CalCOFI Rep., Vol .xXX.

and hypothetical age of the Hew?oundland
osus .J.Fish. Res. Board Can.

24:1209-1217

Summers,W.C. 1%71. Age ang
study of the common Atlang

growth of Loliqo pealei . & population
ic coast squid. Biol . Bull. 141:18%-201.




Taubert B.0. & D.W, Coble. 1977. Daily rings in otoliths of three
species of Lepomis and Tilapia mossambica . J.Fish.Res.Board
Can.34(3):332-340.

Weber . & &.J. Ridgway.1947. Marking Pacific salmon with
tetracycline antibiotice, J.Fich.Res.Board Can.2404):849-8&5.,

Wildym. & T.J. Foreman.1?80. The relationship between otolith
increments and time for »ellowfin and skipjack tuna marked with
tetracrcline. Inter-Amer., Trop. Tuna Comm,., Bull. 17{7):50%-540.

Yamada,S. R, & T.J.Mulligan.1932 Strontium marking of hatchery
reared coho salmon, Oncorhrnchus Kisutch ‘Walbaum,identification of
adylts.J.Fish.Bio)l.20,3-% i

Yamada,5.R.,T.J. Mulligan and S.J.Fairchild. 1979 Strontium
markKing of hatchery-reared coho zalmon ¢ DOncorhrnchus Kisutch
JMWalbaumd J.Fizh.Biol. 14,287-275.

‘famada,U. 1971. VWital staining of the hard tissues of carp,
Cyprinius carpioc , with tetracrclime HC1,Calcein, and Alizarin red
S, Biol. Seik.Reg. Fish, Res., Lab. 41:107-114.( Fish.Res.Board
Transl. Ser. Mo. 24495,

Young,J.2. 1740. The statocwsts of Octopus vulgaris . Proc. roy.
Soc. B.152:3-29

Table 1.

Marking Date Date Mantle Nidamental

method marked Dyed length gland length Maturity
(mm) (mm) stage

Strontium 17/11/82 04/12/82 247 90 5

Tetracycline 19/11/82 13/12/82 248 95 4+




Fig. 1. (a) Strontium X-ray map of ?tatolith,SM 06/12-2-7. Magnification 401X.

C

Strontium back-s
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attered electron image of statolith SM 06/12-2-7.
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Transmittedvlight photo|of growth rings of statolith SM 06/12-2-7.

Magnification 500X.
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Tetracycline band on statolith SM 13/12-1-5.

Barrier filters # 50.

Exciter filter 350 nm.

(a)

Fig. 2.

Magnification 100X.

(b)

Transmitted light photo of growth rings of statolith SM 13/12-1-5.

Magnification 500X.
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