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ABSTRACT 

Tire rate of microincrement deposition on otoliths of skipjack tuna (Katsuwonus pelattiis) f i 0 1 7 1  Maldives 
was studied using injections of a jluorescent riiarker (tetracycline) in tagged Jsh. The number of 
increnrents ivas counted on fransverse seciions of otoliths froni recaptured skìpjack, behveen tire 
fluorescent mark and the outer edge of the otolith. By comparing the nuniber of increnients with the 
nimber of days at liberty, it )t’as concluded that on average one microincremeti! ~m forined every 2.3 
dqys. The frequency of microincrement deposition varied between individual Jsh, so the number of 
increnients on‘’otoliths cannot be used for age deterinination of  skipjack tuna. 

INTRO DU CTION 

Tlic Maldises lias a large traditional polc-and-line tuna 
fisl ici~~. Skip.jack tiliia (Katsuiiwius pe1atni.v) is tlic niain 
targci. ;iccoonting for some 70% of tlie total national 
catch. Skipjíick tuna is tlie major source of protein for thc 
Maldivian pcople. I n  addition, the skipjack fishery 
providcs a major source of ciiiployment and a major 
soiircc of csport earnings. 

I t  is bclicvcd tliat skip-jack cauglit in tlic Maldiws are part 
of ;i11 Indian Ocean stock. Tlicre is increasing concern that 
Maldivisii tuna catclies niay be adversely affccted by tlic 
groiving catclies of skipjack tuna being inade elsewlicre in  
tlic Iiidinn Ocean. Tlicre is particular conccrn about thc 
disxtrous conscquences for the Maldivcs t l ia t  would rcsult 
if tlic Indian Ocean skipjack tuna stock collapscd as a 
rcsult of ovcrfisliing. To datc tlierc has becn no 
coiiiprclicnsive stock assessnient of Indian Ocean skipjack. 
A prcrcquisite for such a stock asscssiiicnt would bc a 
sound understanding of Indian Ocean skipjack growth 
ratcs. Tlie study of ‘daily rings’ i n  otolitlis (Panella. 1971 
and 1974) offers perhaps tlic best inethod for elucidating 
fish grovlli ratcs, provided tliat the periodic nature of tlie 
rings is properly validated. 

Tlic ;iim of tliis study was to test tlie periodic nature of 
iiiicrostnictures in Maldivian skipjack tun;\ otoliths. as a 
first stcp towards detennining gronlli rates. Skipjack 
tuti;ts n w e  injected with tetracycline during the course of 
;i tuiia-tagging programme (Waliecd and Anderson, 1991: 
Andcrson. Adam and Waheed. 1995). Otoliths from 
rec;ipturcd fish were esamined to determine tlie nuiiiber of 
microincrements between their outer edges and the 
fluorescent marks caused by tlie tetracycline. It was 
planned to inject and release an initial 500 skipjack, so 

that niethods could be tested prior to undertaking a larger 
study if requircd. 

M ETN O D S 

Marking of fish and collection of otoliths 

A tuna-tagging progriiniinc was carried out in tlic 
Maldives during 1993-95 by tlie Marine Research Section 
( M R S )  of the Ministry of Fislieries and Agriculture 
(Waliecd and Anderson. 1991; Anderson, Adam and 
Walieed, 1995). During tlic course of that progranme a 
total of 494 skipjack (out of a planned total of 500) were 
iiijccted with tetracycline prior to tagging and release. All 
tlicse skipjack werc taggcd i n  the soutli of the Maldives in 
tlie vicinity of lhe 0nc-nnd-a-H;tlf-Degrec Channel 
Thirty-four of tlicsc skipjack rvcrc taggcd aiid rcleased 
during tetracycliiic iii-jection trials i n  Fcbruaq and April 
1994. Tlie great majority (460)  wcre injcckd and tagged 
i n  August 1994. 

Tlie Icngth-frequcncy distribution of the tctracyclinc- 
injected fish is illustrated i n  Figure I .  Onc fidi was not 
measured. The remaining 193 skipjack were within tlie 
size range 35-65 ciii FL, with a modal Icngtli of about 46 
cm. Tlic w i g h t  of a modal-leiigtli fish is estiinated al 
about 2.0 kg; tlic niean wciglit of a l l  tlic skipjack iii.jected 
is estiniatcd at 2.1 kg. 

t 

Tlie dose iiijccted \vas about 1 ml of IOOmg/iiil 
oq.tetrac?*cline for an aiw-age-sized skipjack (i. e. 
noininally about 50 iiig/kg). Minor seepage of 
o.y.tetracycline was often obsened from tlie injection site. 
so tlie effective dose injected would often have been less 
than tliis. It \vas not practical to adjust dosage for 
individual fish, although the largest skipjack were injected 
with 2nd of 100 mg/nil oq-tetracycline. Injections nere 
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made intramuscularly, just below the first dorsal fin 
origin, using a continuous pippetting syringe dispenser. 

the section. The turned section was polished again until ;i 

preparation of 50-100pni thickness was obtained. 

Orange tags wcre used to mark tetracycline-injected fish, 
to distinguish tliem froni the yellow-tagged nornial fish 
(Anderson, 1995). Arrangenients were made with the 
Go\ieriinieiit-owiied Maldives Industrial Fisheries 
Company (MIFCO) to collect recaptured orange-tagged 
skipjack from lisliernien. and return them frozen to MRS 
in Malé Fishermen were informed of the programme and 
of arrangcments for tlie retuni of orange-tagged skipjack 
through a nation-wide publicity campaign, which included 
radio and TV broadcasts, and posters distributed to every 
fishing island and every MIFCO collector/freezer vessel. 
A preiiiium price of MRf 201) (about US$17) was paid for 
each skipjack relurncd with orange tag in place and with 
fi111 recapture information. Recapture inforiliation was 
recorded on printed forins distributcd in advance to every 
island and collcctor/frcczcr \*essel. 

Not all Maldivian fislieriiicn havc ;icccss to 
collector/freezcr vcsscls. Information ' was tliercforc 
broadcast recoinmending tliiit such fislicriiicn gut any 
orangc-tagged skip.jack t l ia t  ~licg iiiiglit calcli and prcscrvc 
tliem in salt prior to fonvarding to MRS in Malk. 

I n  Malé all fish wcrc mcasured to the ncarcst iiiillimctrc, 
and beheadcd with a hacksaw. The top of tlic licad was 
then cut off. again with n hacksaw, to espose (lie top of tlic 
brain. I t  w;is found cnsicst lo cut tlic fish wliilc i t  was 
frozen, and thcn allow tlic Iicad to tl iaw bcforc rcmaving 
tlie otoliths. Renioving llie brain with coiirsc forccps 
esposed tlic cavities of tlic iiicnibranous labyrinths and 
semi-circular canals containing the otoliths. Sagittac wcrc 
extracted with finc forceps and storcd in a small numbcred 
plastic tube. A few vertebrae and the first dorsal spine 
were removed from each fish a t  tlic samc time for separate 
study. 

Otolith prcpiiration a n d  procedures 

In tlie ORSTOM laboratory, sagittae were cleaned in 
sodium Iiypoclilorite (household bleach), and distilled 
water. then dried in alcohol. Each otolith was cmbedded 
i n  polyester resin (Sody 33) and a transverse section made 
with a low-speed saw (Isoniet Buchler) to obtain a slice 
containing tlie primordium. This slice was attached to a 
glass niicroscope slide with thermoplastic glue 
(Crystalbond 109) and then ground with wet sandpaper 
(SOO and 1200 grit sizes) sprinkled with aluminium 
powder (O3Opiii). It was then polished on a polishing 
plate tvith water and aluminium powder (0.3pm and 
O. 1 p i )  until the primordium was very close to tlie surface. 
The microscope slide was then placed on a hot plate for a 
few seconds to soften the glue, Inaking it possible to turn 

Tlie characteristic yellow tetracycline inark was idcnl ¡ficd 
under an optical microscope by means of ultraviolct light 
emitted from a 100-watt mercury burner. Escilal ion 
wwelengtli was limited by a filter to 355-420 niil. ;ind 
autofluorescence was minimized by a 390 iini biirricr 
filter. The position of the fluorescent mark was noted O H  II 
photographic print. The surfacc of tlie section W S  llicn 
partially dccalcified witti 5 7 %  EDTA 
(Etliylenediaminetetraacetic acid) to emphasize tlic 
increments. Undcr a separate microscope. using ;i 

Metallographic lens and a total magnification of 1000s. 
the nuniber of increnients between tlie position of tlic 
fluorescent mark and tlie outer edge of the otolitli was 
counted. A mininiuni of sis counts at different timcs \vcrc 
inade on each otolith by hvo diffcrent readers, wit liou[ 
prior knowledge of tlic previous counts. 

A fcw skipjack otoliths u v e  obscnrcd undcr ii sc;iiiiiiiig 
clcctroii iiiicroscopc (SEM) to confinii tlic sl;ilus ol' 
iiiicroincrcriieiits obscn*cd undcr I Iic optic;tl iiiicroscopc. 

RES U LTS 

To [lie cnd of August 1995 it to ld  of 
niadc, ;is follows: 

rcluriis 

0r:ingc-faggcd skip+ck. liozrn 32 

0r;ingc-tsggcd s k i p j x k .  sdtrd 2 

Omngc tag witliouc skipjack 24 

'I-Old 5X 

Thus, llic rccapturc rate for a l l  tctracyclinc-iii.jcctcci 
skipjack was 11.7% (5WY.l). Tlie rcturn ratc for ;i11 

skipjack tagged but not irijectcd during the period of 
Scptember 1993 to August 1991 was 8.0% (481/5980). 

Two skipjack preserved in salt tvere &turned by fislicriiicn 
to MRS. One had been gilled as ive11 as p t t c d ,  and 110 

trace of tlie otoliths could be found. Tlie otlicr had bccn 
gutted but not gilled. and one otolith was rccovcrcd. 
However. the outer layers of this otolith wcrc badly 
deformed. with numerous microscopic cracks. making i t  
unreadable. 

From the 32 frozen skipjack returned to M R S .  otoliths 
were obtained froin 30. Not all of these 30  recovcrcd 
otolith sets were usable for this study. On esaniinatioii 
under UV light, only 8 showed a visible fluorescent inark 
on their otolith section. The pertinent information for 
increment counts in these S skipjack tuna otoliths is 
presented in  Table 1. This sample included fish with fork 
lengths at recapture in the range 48.0 to 56.6~111, and 
which liad been at liberty for between 32 and 225 days. 
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Tuble 1. Skipjack nieusrirenieilt data arid otolith increnietit colrnts Key: FL = Fork leiigth; Dt = iwnher of days ut 
liberty; Ci = incremerii count ririniber i 

Fish FL At Dif/erettf incremetit cmnls C Std 
I I  o. (en!, S a  (days) CI C2 C3 C4 C5 CG (mean) error UAt 
31 47 F 32 42 38 37 41 42 41 40.2 0.87 1.26 
32 49 M 35 27 26 27 27 28 27 27.0 0.26 0.77 
33 46 F 69 33 33 31 31 34 28 31.7 0.88 0.46 
49 46 F I53 96 103 96 92 97 99 97.2 1.49 0.64 
50 49 F 193 91 87 92 89 86 92 89.5 1 .O6 0.46 
S I  52 M 187 54 54 49 52 48 50 51.2 I .o5 0.27 
S2 45 F 225 71 68 67 70 72 68 69.3 0.80 0.31 
53 45 F 179 65 61 66 62 63 65 63.7 0.80 0.36 

Tlic iiicaii number of increments counted between tlie 
tclriicyclinc mark and the edge of otolith was in 7 out of 8 
c;iscs lcss than tlie number of days at liberty (Table 1 and 
Figurc I ) .  In  fact, th@ estimated nuniber of increments 
dcpositcd per day varied greatly betwcen individuals, from 
1.26 to 0.27. The weighted average was 0.44 increments 
pcr t h y ,  i.e. an  average of 1 increnient every 2.3 days. 

Bociirisc tlic number of increments dcpositcd per day 
v;irics grcatly bctween individuals. tliere is not 11 prccisc 
rcl;ilioiisliip bctwecii the nuinber of incrcnicnls and the 
iiiiiiibcr of days at  libcrty (Figurc 2). Nevcrthclcss, tlic bcst 
liric:ir rc1;i~ionsIiip bctwccn tlic nuniber of incrcincnls ( N I .  
dcpciidciit variablc) and tlic nuriibcr of days at libcrly (NA 
iiicicpciidciit variablc) is: 

Ni = 0.245 N,+ 25.9 ( r = 0.73) 

Tliu coiifidcricc limit (1.96 SE) for thc cstiinatc of tlic 
slopc (0.245) is 0.18. Tlic s l o p  or tlic rclationsliip is 
sigiiific;intly diffcrcnt froin 1 (p0.95). Sincc tlic slopc 
iiiiglit bc cspcclcd to pass Il~ougli  tlic origin. the 
rcl;itionship (assuiiiing i t  is lincar) may also be 
rc 1) rcsc i i t cd as fol I ows : 

Ni = 0.395 hrd ( r = 0.52) 

l'lic coiifidcncc limit (1.96 SE) for tlic cstiniate of this 
slopc (0.395) is O. 10, and is again significantly different 
rroril I. 

I) 1 S C USSION 

Froiii llicse results it is concluded that the formation and 
doposition of otolith increments i n  Maldivian skipjack is 
i io t  d;iily. Furlherinore, since the number of microstriae 
dcposilcd per day varies betwen individuals, otoliths 
c;iiiiiot be used for age dctermination in Maldivian 
ski p. jack tuna. Tliese results differ greatly from tlie results 
of P;inella (1971, 1974) and most subsequent studies, 
\yIiicli sliow that for most fish species increnient 
deposition is daily. 

Findings of non-daily increment deposition are known but 
arc not coiiiiiion. Brothers e1 al. (1976) showed that the 
use of increiiicnt counts underestimated the age of 7- to 
13 -year-old hake (Merluccius mtgus~im~attus) by 2 to 3 
years. Caillart and Morize (1989) fouiid that, on average. 
one microstria was formed only cvery 2 days in a tropical 
groupcr (Epimphe1u.c. nricrodo/i) from French Polynesia. 
Le Guen (1976) dcmonstratcd tliat i n  a tropical sciaenid 
(Pseudutolifus elongalus) incremental age agreed with age 
dctcrmincd by scasonal inarks in  immature fish. but 
undcrcstimatcd agc i n  maturc fish by up to 30%. 

Among Scoriibrid fislics, most of tlic studies on larvae or 
juvcnilcs (Brotlicrs e l  al.. 1983; Radtke, 1983: De Vries et 
al.. 1990: Jcnkins and Daiis, 1990: Wcslcr. 1993). and ori 
adults (Wild and Forciiian. 1980: Wild. 1986: Stéquert c'r 

al.. 1995) havc dcmonstratcd that incrciiient deposition is 
daily. Howcvcr. Wild and Forerrinn (1 980) found that 
skipjack tuna in thc castern Pacific (Revillagigedo Islands 
- B@ California region) also dcposit significantly less 
tI ian one increrncnt pcr day. Tlicir results suggested an  
avcragc dcposition rate of one incrcmcnt cveq  1.3 days 
(0.76&0.09 [ iiiean rt 1.96SEI incrcmcnts pcr da!). Our 
rcsults indicatc an averagc deposition rate of one 
incrcmciit cvcry 2.3 days (wcighkd averagc, equi\.alent to 
0.44 increments pcr day) or one incrciiient even. 1 .Y days 
(un\ceiglitcd averagc. 0.57*0.23 incrciiicnts pcr day). 

Comparing Wild and Foreman's ( I  980) original data on 
individual skipjack increment deposition rates (froin their 
Table 8. but excluding their deleled sample K133-I) with 
ours (Table I ) ,  it is assurncd that tlic two samples do not 
have equal variances (1;=3.27 > I;o,~3fi(7,2J,). G i i t n  this. i r  
is concludcd that mean dcposilioii rates are nor 
significantly different (f= 1.78 < /o.oj(ril). 

t 

It  should be notcd that tliere \vas a diffcrencc i n  otolitli- 
rcading tecliniquc bctween tlic study of Wild and Foreman 
(1980) and this study (cellulose acetate replica of esterna1 
etched surface versus transverse section). Wild and 
Foreman (1980) noted that, using the cellulose acetate 
replica technique, ventral edge counts (i.e. the estemal 
equivalent of a transverse section) \vere significantly loner 

21 1 
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Fìgirc 1. Size freqaericy distribirtiorr of OTC irgecíed skipjack tutio. 
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than rostral or postrostral counts in pcllowfin tuna 
(Tl~unnus nlhacnres). They tliereforc coulitcd skipjijck 
iiicrenients only along the rostrum. Howcvcr, Stéqucrt, 
Panfili and Dean (1995) havc dcmonstratcd tliat i n  
yellowfin tuna the cellulose acctstc techniquc 
underestimates ventral edge counts, bccausc increments 
ovcrlap within the otolith and so cmnot bc sccii on tlic 
external face. These increnients arc scparablc i n  
transverse sections, under suitablc magnification. Tlic usc 
of transverse sections in  this study of skipjack otolitlis is 
therefore not thought to be a source of error in cstiiiiating 
incrcnicnt dcposition rates Neverthclcss, if thc opportunity 
arises, tlic second otolith of each of thc ciglit skipjack 
otolitli pairs showing OTC marks will bc cs;imincd i n  
longitudiiial/oblique section. 

There are several explanations for dcviations i n  incrcnient 
deposition from the generally obscrvcd daily rate. 
Starvation experiments have bcen shown to lower 
deposition rates in lana1 anchovy (Engraulis nrordnx) 
(Metliot and Kramcr. 1979) and i n  rainbow trout 
(Orrclrorh~~r~chr~s r~ykiss) (Brot hers, 1 978). Reduction i n  
temperature and photoperiod has been shown to inhibit 
tlie fonnation of increments in sunfish (Lepomis 
qymicllus) (Taubert and Coble, 1977). These results 
suggest that in the natural environment stresses such as 
thermal changes, lack of food, and perhaps also 
reproductive events, might be able to induce some breaks 
in growth that lead to a reduction in thc deposition of 
increments. 

For skipjack tuna, temperature changes niay not be a 
significant factor affecting increment deposition rates, 
since they live in the upper layers of tropical waters where 
teiiiperature variations are generally rather small. A more 
important factor responsible for the observed reduction in 
increment deposition rate may be reproductive activity, 
which in this species is carried out all year round 

(Stéqucrt and Ramcharrun, 1995). Howevcr, tlic most 
significant factor affecting incrcrnent dcpositioii r;ilcs i n  
skipjack otolitlis may \vclI be food availabilily. Tliis 
spccics is an opportunistic feeder, and can srirvivc for 
scvcral dilys witliout food when inoving Ilirough 
unproduclivc arcas. Such bchaviour sccriis likcly to rcduce 
incrcnicnt deposition ratcs. 

Onc othcr possiblc esplanatioii for thc rcduccd incrcnicnt 
dcposition mtc i n  skipjack t i m  (n;iiiicly t1i;it dail! 
incrcnicnts csist brit arc not visiblc to llic obscrvcr) c;in be 
discounted. Davics cf al (1988) studicd tlic otolitlis of 
sriiootli oreo (I?veuciocyrru.s I ? J ~ C U ~ U [ ~ L V )  and b l x k  orco 
(Allocytlus sp.). Using a scanning clcctroii iiiicroscopc 
(SEM) tlicy dcnionstratcd t1i;it tlic cryslallinc stnicturcs i n  
soiiic arcas of thosc otoliths wcrc so complcs and confuscd 
that they obscurcd the inicroincrcineiits. Our obscrvat ions 
on skipjack otolith sections under SEM did not rcvcnl any 
sucl1 stnicturcs. All increments appearcd wcll fornicd and 
clearly distinguishable from cacli other. 

I t  is not known why  only 8 skipjack out of 32 sliowcd 
tctracycline marks in their otoliths. I n  thc 8 skipjack 111;11 
did have fluorescent marks the inarks were clcar. so i t  
seeins unlikely that the dosage of o;\yCctracyclin~ 
administered was inadequate. Nor is it likely that mistakes 
were riiade in the labelling of otoliths, resulting i n  ii mis- 
up betwceii tetracycline-marked and unniarked otoliths. 
One explanation might be that some fish were frozen for 
much longer before being returned to M R S  tlian others. 
resulting in deterioration of the tetracycline mark. Since 
those fish that did haye useable otoliths (nos. 3 1, 32 and 
34, and numbers 49-53) were grouped according to time. 
and hence batch, of return to M R S  this is certainly a 
possibility. Unfortunately records of times spent frozen 
were not kept, but in any case in future experiments they 
will be kept to a minimum. It should be noted that the 
brand of tetracycline used in this experiment 

242 
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Figire 2. Rela.tionsRip betweeti tiiiniber of otolith iticrenrents froni OTC mark to the ofofifli edge) atid tiuniber of days a f  
libet-ty, for Maldivian skipjack fiaia. ItidividualJsh rqfëretice nunibers in paretdieses. 
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(“Tcrrntuycin” manufaclured by Pfizer Inc.) i s  labelled 
“Do not freeze”. However, Mr. Vince Peterseri (Quality 
0pcr;itions Manager, Pfizer Ply. Ltd.. Sydney, Australia, 
pcrs. coni~ii.) informs us that “we ha \ t  researclied our 
;ircliivcs and also undertaken sonic practical work i n  our 
laboratory and this indicates that there appears to be no 
cll‘cct on tlic fluorcscciice of tlic Inakrial due to tliawirig 

frcczing”. 
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FOREWORD 

Since 1985, tlie IndoPacific Tuna Development and Management Programme (IPTP), a UNDPEAO 
regional programme, has been convening and sponsoring the Expert Consultations on Indian Ocean 
Tunas, to provide a forum for the dissemination of research results and the exchange of information on 
tlie status of the tuna stocks and tuna fisheries in the Indian Ocean. 

The latest meeting, the 6th Expert Consultation on Indian Ocean Tunas, was held in Colombo, Sri Lanka, 
on 25-29 September, 1995. It was attended by 51 scientists from the national institutions of 20 countries 
and representatives of two intemational bodies responsible for tuna management in other oceans, in 
addition to staff from FAO and LPTP, and 62 national reports and scientific papers were presented, a 
record for these Consultations. The increasing participation of scientists from nations bordering the Indian 
Ocean is particularly encouraging, as a measure of the interest that the tuna fisheries are generating in the 
nations of tlie region. the collection of working documents presented in this volume is a significant sample 
of tlie most recent research on Indian Ocean tunas and the status of the fisheries. 

This volume includes the working documents made available to the participants in tlie Consultation. 
Frequently, comments made during the discussions that followed each presentation put tlie results 
presented in contest; these discussions are summarised in tlie companion volume, Report of the Sixth 
Expert Consullation on the Indian Ocean Tunas (IPTP/95/GEN/23), published earlier this year by IPTP. 
Since tlie working documents formed tlie basis for tlie discussions and conclusions reached by the 
Consultation, they arc reproduced here in substantially the sanie forni i n  which they were presented at tlie 
meeting, with editorial cliangcs. 

The editors would like lo acknowledge tlie support of all tlie staff of IPTP wlio participated in the 
preparation of this volume, and i n  particular Mrs. M.C.R. Percra-Melierdeen, Mr. S. Ainarasekera, Mr. 
A.C.M. Iftliicar, Mr. M.E. De Costa arid Mr. S. Nellanpitiya. 

7’1112 Edilors: 
A, A. Anganuzzi. 
K. A. Slobbenip. arid 
N. J. Wcbb. 

C‘olonrbo. 199G 
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The designations employed and the presentation of material in this publication do not imply the expression of any opinion 
whatsoever oti the part of the Food arid Agriculture Organization of the United Nations conceniirig tlie legal status of any 
country, territory, city or area or of its authorities, or conceming the deliniitatio,i of its frontiers or boundaries 


