
Playing tag 
with the 

HOC:JOr Svnl lnsron courtesy Tuna Nttw& 

Mal Malony and Chris tine Ward desc ribe the 

innovative techniques used to tra ck tli e so uth ern 

bluefin tuna fro nt the trop ics to th e Sou thern 

O cean, and back again. 

A
'' ""~' powerfu l, ,ou thcrn 
bludin tu11a ,)ice' through 1111.' 
water<. of the Southern Ocean. 

,hit do\'C'- dt'Cp to feed on '<luid, a tiny 
computer in it~ body mc~'urc' .111d 
record' d.lta on both the fi~h ;md ih 
cnvirorun~rH ... 

.. In the Great 1\u,tr,lh,ln 8oght, 
a.,ri.l l ~potter-. count ~ll rface 'chnol ~ of 
jllve ni lc tun.1. At the '~llll' ti ml', 
individ ua l li.,h travelling undl•rw.otcr 
arc tracked ~cou~tically to help c.,tabli~h 
a rt!l.ltion,hip between the number of 
r;,h wen on thl· surface ,1nd the tot.ll 
number P•"'ing through the Boght 

. . FJ,I.'wht!rc in the 200-n,notical
mi lc 1\u,tr.oli .lll Fi;hing Zone, tun,t Me 
ca u g ht a nd dye-marked in a study 
which will provide the firs t irrefutable 
dat.1 on th l.' rc l ation~hip betweco\ ,\ge 
and growth rate . . . 

The n>mputer, thl' ~crial and 
acou~tic <.urvcy~ and the dye· mMkm); 
arc part of a program to enhance our 
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knowlt:d)\c "f the 'oulhcrn bllll•rin tuna 
and to help breeding stock recov<'r from 
40 yea"' uf uv,·r-fo,hmg. 

The pr<•gr<Hn, led by CSI RO' ' 
Divi,ion ol J'i,herie~ at Hob.ut, ha' 
nll'H.1c th-.' 'outh~..•rn bl u~(in tun., the 
m<l"l r<',CMCh~d fi n fbh in 1\u,tr,lloa. lt 
ha~ aho <.po~r ked the deve lopment ol 
innov~tivc techniq ue' for trackin~ a11d 
r~co rdi ng the tlln a·~ l cl ng-d i ~ l ll ll Cl' 
tr.t v<•l, thn1ugh tlw -.l)a. 

~ophi,hcall'<l tracking method, .He 
needed hc•c.1u~e the southern bludon 
tuna i' it 1nigratury o..pcdc .... 11' unl} 
known ~ JMWning ground is in the 
warm, tropoc.ll water' north-wt.''t of 
We-,tern 1\u.,tralia and ~Ototh oi J.ov,o. 

As ju v,•nik''• the tuna stay do'c to 
thl' i\u~tr<1li,1n ClM~ t. As t lwy m.11LII'l', 
they range the g lobe between th,• cold 
water latitud6 of 30' S and so•s. 

Accordinj; to Division of r"hcri<'' 
'cienti,t j11hn L.unn, the ~outhcrn 
blucfin ha., cvoh'l'<l ,,., 'one of tlw lll<ht 

efficient biologic.11 heat pump 'Y'tl'lll' 
in the ~eil' . 

'llll'y Ml" ahk• to wMm their whole 
bodr by u'oing a hl.'at produced l>y 
,wimmmg and pumJ>lod through a IMgl.' 
blood-cirnolahnn '}''km; Gunn <;ay~. 

' lh amating migr.ltorr rangl.' i, 
likely to bl.' a rc.,ult of the ir abiloty to 
tolerate incrl.',l•ingly cold W<ltcr ,,, it gch 
older. rhi ~ ;.., ,, fi,h that -wims happily 
in 30"C h'llll'l'r,lturc' a' a baby in the 
tropics, move., into co<>lcr water d<>wn 
the Australoiln co.1,t a' a JUvenile, then 
"' an <Hlult, dHHhe~ the 6 to 8 <.. 
h:mperaturc'o of the Southern Ocean.' 

The smart tag 
To help lt•arn more about tun.,·, 
migration, Gunn and h i~ team <lt tlw 
Division of Fi,lwri''' haw developed an 
' ,orchival' tag: ,\ .,mall torpedo-shaped 
computer thilt i' inserted into the body 
of the tuna 



I he t.1g acts a• a sophbticat.-d d.1t,llo~:~;cr, 
rl>enrding the fi~h's mov·ements m er ,10 .:-tght·\ car 
r~·rt()(l. lt coli('('(, Information ahnut depth and 
light; the intcmal ll•mpcr;~turt• of lht• fi,h; .1nd tlw 
cxtcmal water tcmp<.'rature. 

In short, it's an <.'lcctronic cavt•sdroppcr, 
travelling the globe with 
the tuna to report whcr<.' it 

goes, how i 1 go.:-; a nd, 
ult imately, why. 

CS I RO's ta~; t.-~hnolngy 
came under the 'putli~;h t .11 ,, 
gathering of intern.l t ion a I 
scientists and fbhing 111du<tn 
r<.'presentati'e" .lt the l=;th Tun.t 
Confercncc .11 l..tkt• Arruwht•.td, 
Ctlifonua 10 1\ lav 

Gunn was i~vitt•d Ill prc...cnt 
a paper to the confl'rencl! 
detailing thl! dcvdopmcnt of 
the archiv,tl t.1g. I li s 
coll~J gt~t', Tirn D,lvih, g,lvl! 
de ta il:, ,,( .1nnt lwr t11 n .1 
tr<tcki ng th:v ice , I he 
ultrasonic or ,tcou~tic t.1g. 

llw t'tlll<'t•pt of .tn archiv·al t.•g for fl'ht•' has 
been M(>uml for,, number of yt·.tr..., yl'l lillk• "nrk 
h,td bct•n dt>oe until the CSI RO te.lm <kctdt•d to 
turn it m to a reality. 

Detailed work began in 19'12 under a jt>int 
CSIRO and Japanese tuna research pro~;ram. rhe 
CSIRO ...ciomti'b- Tom Polacheck, l\lall Sherlock. 
K<·tth c;,litbbur}, Tim D,l\ i' Jnd John Gunn -
.1ppm.1dwd <·k..:tron•c~ fi rm~ on tlw Uotoh'<l St.lk,, 
the Untk'd Kingdom and the div,...ion', honw ''·' ' '' 
ul I \, ... m,lnia., inviting thc1n to put forw.ull ,1 hn'll' 
lrJnW ,1nd production cost for the n1.1nuf.tclure of 
thl· dl'' ice. 

I ht• l,,,rna•,•·", (nmpany, 7t!lcon I,., hnit 1'1) 
l td, <.:.Hlll' up trump~. bcilllllg oto. inh:rn.lt inn.ll 
riv .11> with a la~; that w,,, l.m.1lk•r ,md dli.~·•P<'r th.m 
either of the ov<.'rscas companic• In .1ddition, 
Lckon h.1d the added adv·antag<' o l being .1blc to 
maint.tin ,i.lilv contact v-·ith the ~cicntbt~ during 
tlw omptlrl.lnl produdoon pha~. 

Cunn ·•ul\' .... ome comp.:lnit.·.._ Ill lhl\ t,;S .trt\ 

dev dupm~; their "" n arch•v·,,l t.>g' for ll111.h, hut 
IUH'lC .1r(' ib ,ld\'anccd a~ lhe i\u~trtdt.ln ll'clnl, 

whH h ~~ lht\ only one to have a de\' ICt) ' 1n I he 

llw CSIRO 1<:,1111 implan ted llw fir,.t I C,(l t.1g1o 
dunng the d 1v osion's 1\1\14 '""'""'r t.lgf,111); 
program off tlw coast of So~t tlt J\uo.tr,liM. rurt her 
tagging h.1s tilkcn plac<.' off rasmani.l .11u.l New 
South w,,k•o.. Bv· the end of June. 230tun.lo. were to 
h,l\ ,, h<•,•n fitt.-d v' ith the dev kc. I he j.lp.lrH'hC 
mdu,tr~ h.t... m.1de .l direct cnntributiun of Sl12 000 
tu tlw pn>Jl'< t to ht<lp undt'r\\ rth• th<• "''' of t.l)\ 
~ltlcl'-t"' 

llw ...coentists, ha,·ing fitted the t.>go. (,11 ,, wo.t of 
.1hnul ~12(Ml e.1ch) were anxiou" for <,<>nW fl'<.·dhao:k 
on tlu.·u· ~urft"''· n1is canH~ sooner than l'\fll~ll .. d , 
with the rec.1pturc of a tuna fitted woth .111 ~rd11\'tll 

t.1g during the summer t.•gging opt·r.1lion in tlw 
(oJ'l?•lt i\ustrali,ln !light. 

Cunn snvs the device pcrforrnc•d we ll. 



lnform~tion fro m th~ ta~, when 
analysed by computer, ~avc u clea r 
picture of the tuna's travels, its 
~urfacing habiL~ and ils re<ponse to lhe 
environrnenl during the monlh ;.incc I he 
lag had been fitted . 

Th e tag wa~ dl!vc loped specifically 
to monitor the southern bluefin tuna, 
yet it has the potential to be used in 
broadening our Ul1dersta•1ding of other 
fish ~pccie,. ,,~ well. Sci•~n ti sts are now 
modifying the rag to make it s ma lle r 
and even easier to use. Eventually, they 
hope lo devise a way of attaching il lo 
the fish extemally. 

'The arch ival tng rep re<enl '< a 
quantum le~p forward in our abi lity ro 
undt.!r.;;tand the tuna'.; nnturaJ be· 
ha ,•iour; Gunn says. ' A' we improve its 
performance. we will be a ble to take 
many more measurements.' 

Surveying the scene 
Aer1al ~u rvey work and acoustic 
track ing are two other key element~ in 
the "Ou thc rn b lucfin tuna re -carch 
p rogram. 

CSI RO ~ckn li::.h, in co llilboral ion 
w ith Japanese resea rch e rs, conduc t 
aeria l su rvey" of the G rea t Australi~n 
Bight to a<se<" the level of recruitment, 
that b, the number of new fish joining 
the to ta l stock each ycnr. Big schools of 
you ng tuna surface consi ~t cn tly in the 
Bight. 

Last year, experienced fish spotters 
flew over 19 000 km2 of ocean, 'ighling 
273 school<. nf tuna. Bul tha t i~ ju~t part 
of the picture. The <1 ues t1 on -till In be 
answered b: how many tuna~ didn't 
they see because these fish weren't on 
the su rface at the ti me? 

Scientist>- a re dllcmpling to discover 
lht' propo rtion of yo ung tu nas in t he 
Bight, when they surface, why :md for 
how long. Thi' involves ;motht'r g~m~ 
of tag ca lled acoustic tracking. 

Thi$ complica te d nncl labou•·· 
intt'11$1V~ UpCraliOn nllowS for S(ud ico; Of 
vertica l and hori zontnl ~ rn ol l - o:oca l c 

movements of ttmas whi.ch havt• been 
fitted w ith an ultrasonic device. 

When a tuna is caught, it is fitted 
w ith a pressu re-,cnsitive rag tha t 

How the archival tag works 

T he archival tag is a mini computor with 
comrol >Ofl\varc. ~et Uf' to recor<l anJ 

store inro, rn:Hiun. 
lts key components arc a light sensor and 

\'later rcrnpcr:uurc sc11.sor, both trailctl on an 
t•xtcrnal corJ, :1 tiny Jcpth ;cnsor, which 
rc).ponds. ro w;Hcr prcssun:. and a .s:ctond 
rcntpernture scn).or ro mc.~surc changes in the 
bot.ly heat of the tuna, w hich i~ warm

blooded. 
A lit hium bancry provides a rricklc of 

~nergy for nine venr< and rwo 128-kilobyre 
memory chips srorc chc in formadon 
measured by rhe >ensors . T he ug h a~ a 
super·accurare clock which, when used in 
conjuncrion wirh rhe lighr nnd rernpel".l(nrc 
~~nsors. will ltelp <cientisrs to p lot t he 
<hanging lo~rions of rh~ c~rrier fish os it 
1'3nges the ocrans. 

The rime of sunrise changrs by fou r 
mim•tes for every tlegre~ of longitude. T he 
light sensor reports <unrisc and su nset •nd 
rhe clock notes the times, enabling scicnrisrs 
to work our the fish's longitude to within a 
degree or two. 

Day length, that is the time between 
sunrise and sunse1, ptovidcs a cl ue to 
latitude. panicularly at high lari1udo. The 
water tcmpcmurc r<c:~ding provide> ,, further 
positioual CI'OS>·rcference. 

The depth >ensor measu res the tunos 
Jiving behaviour, wh ich • .tlung with lJTgc· 
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>calc global movement , is one of rhc two 
most important puulcs CS IRQ scientim •re 
hoping to solve using the archivaJ t•g. 

I nfc>rmauo n on rhc rime fish spend on 
<he s u rface, and 1hc relacionship rhis 
•surF.tci ng hch:l\'iour• ha,\ to wc:arher and :\ea 

conrlir ion:;:. are crilical inputs in to rhe 
inrerpreralion of do.o gad1crccl by ae rial 
surveys. 

Every mc ... urcmcnr rcconk-tl by the rag's 
sensor,;; burns up fOur byte...., of memory. Th;tr 

means 1he current r:1gs have the capacil}' w 
.Slore: about 60 000 data mcas-urcmcms. 

To ach ieve the best resu lts. scien tists 
have program mod a series of closely-spaced 
mcasur~mc111S, plus some well -spaced ones. 
This translates to o ne measurement every 
four minu<es for the first 90 days, with 
similar measurements jusr rwo days a week 
for the romaindcr ofd1c ban<ry life. 

measures and tra ns mill> depth info rm· 
ation. The tagged fish are tracked by a 
boa t tha t consta ntly m0 11itor~ the 
d irection and depth of travel, day and 
night. The syst·cm c:Jn track up to four 
fish in a s ing le ~chool fo r u p to l W<) 
day,. 

The acoustic tracking is coordinated 
with an a ircra rt flyi ng day-time 
trA ""·'t:l~ over the tagged fi~h . T his 
provides a link between the ' urfaci11g 
behaviour of t he tracked fish, sea 
conditions, weather .md vi~ibili ty. 

Bo th the archiva l and acou,tic 
tagging methods represent advance-; in 
luna l'eseal'ch, yet the t:onvcnlional taA 
continu e~ to play an imporlcHll mle in 
lhc program. 

This spaghetli- Jike tag provide• 
cri tica l recruih11cnt, migration, growth 
and morta lity information. When a fi~h 
is first caught and tagged, its length and 
captu re location are recorded. These 
..:;arnc mcasu r~rnents arc l.:lken \ V hen the 
fish b recaptured, to monitor it;. l'rnwth 
a nd mig ralion patterns. This le ve l of 
detail is essen tial in improving 
undc r,tallding or the ~outhern bluefin 
tuna. 

The earbone's connected .. 
Part of th~t unde rstanding will com" 
fro m another aspec t of sc ie nt if ic 
resea rch t hat uses luna earbones, or 
utolilhs, to accurately mea•ure age and 
growth pallc rns. T he earbo11e i, localt::d 
w here the head joins the b<1ckbonc. 
Every day of the tuna's life, o new band 
is laid d own on the o tolith (simi lar lo a 
g rowth ring in a tree) recording daily 
and seasonal gmwth. 



Satellite pictures Indicating plankton 
distribution and ocean productivity are used 

as a guide for lhe fishing Industry In Its 
search for the southern bluefin tuna. 

In the past three yea rs the CSI RO 
lea m h as injected 12 000 southe rn 
bl uefi n tuna w i th a d ye, placing a 
na rrow band on their otoliths. The fis h 
were then rc l .,;~~ed wi th ~ ,, "xlc rna l 
iden ti ty tag. lt is h o ped tha t a li~r~;;c 
proportion of thc<c tunas will 
eventually be caught by Austral ian and 
Japa nese boats and the otoliths returned 
(or exarnination. 

Scient ists know the time that ha$ 
elapsed be tween the tagg ing and the 
da te of rcca ptuo·e. T hey re la te th is 
information to tho: number of ,1dditional 
rings on the otolith lo deduc~ the fish' ::. 
growth pallcrn. 

rhi> illfo rmat in n w ill be ll hCd to 
develop nut just o ne, but a nulll be r of 

The acoustic or sonar tag 
measures and transmits depth 
information. ll can be Inserted 

Into the tuna or attached 
externally. The fish are tracked 

by boat, day and night, for up 
to two days. 

The consummate athlete 

Somhern blucfin runas (Tinmnus maroyis) 
b.:gon lire on t he warm wate rs of rhc 

rropico; as l!ggs of ahour u ne millimerre in 
diame[cr. They Oo;11 in 1hc ocean 's upp..:r 

layers. where wincl and wave actio n keeps 
{emperamre.o; uniform. 

Once hatched. ohe rl ny fish arc abour 2.5 
mm long. and barely cl iningui shable fro m 
other rype.s of tuna. A.' aduhs. they weigh 
ahom 20() kilograms and me-asure more than 
200 cenrimetr~s. 

T hey live fur 20 years. bu1 only rc.odt 
sexu;~l m:uu riry afH! r nine year~. lt- i:s nm 
clear wheoher all adu lrs spawn each year. 
every few ye.ars. o r even onl)' once in their 
lifclimc.. A !1-ing lc femal e. howc,•cr. c;;;1n 

release up 10 l S milli on eggs during .o 
spawning period. 

The souohern bludin i> one of n ocbco 
>J><.'Cics uf I una in the Scombridac I:Unily JU<I 

is related IU the hilllishcs. These include 
swordfish. marlins and spe-.rlish. 

One of the F.utcsL o~.-c;;ul swimmer~ in the 

world. the '" ''"" often "'"'cl in spe-ed buo'>t> 
of' up to 70 kilometres an hour Juring their 
migraoions over dtousands of kilometres of 
oceaol. They recover f,·om these exhausti ve 
:octivioy bursL' :obout 10 tionc. f.tMer than .u1y 

nge indica tur< includin~ a~e a l length; 
ugc ,11 n..'cruitmcnt; ttg~ .ttl lnttluri ty; nnd 
age at spawning. 

The d ye-ma rking p roject toge the r 
w ith the CSIRO's o the r tagg illg a nd 
ae ri a l s urve)' programs w ill vas tl y 
improve kno wle d ge o f the southe rn 
blucfin tuna' <, biology and our ability to 
n~~e~~ ;.tock le vel, to .,n,uro: ih ftolure 
susta inabi I ity. 

other fish s1' ecie•, due in part to the f.1ct thao 
n ona hc:ms are several time; bigger rh• n the 
hearts of other fish. 

TI1L~ incredible phy~irnl stamina oonu:s in 
parr from a hcalrhy diet of fi<h, <quid. krill 
and salp<. In offshore waters rhey olso eat 
sn1 all c rustaceans and onuch hrger fish. A 
skilled nccan hunrer. the uona use.• ir< highly 
dt"Vt!loped ~ense..\ ro hum prey in areas where 
warm and cold warers mc:cr, wlwrc there is
more rood. 

The tuna\ highly adv::mcc:d ci rcularory 
.md re..o;pir:a o ry .>ys•cms wo rk ro kt!cp rhe 
rempe r:HIIfC o f it S W:lrm · blooded body 
const::~ nr. h c:an va ry u s hear dtssip:tnon . 
depending on it.s acrivtry. ond c:m rolcr:ue a 
wide range o f w:ncr u·mptr:uurD. 

In gen era l, 1 here arc more fcma.lcs in 
younger gcncr:nions. blll malt:.s outnumber 
fc:ma.lcs almost two m one as adults. As tht·y 
grow, du· young fish mo ve south row;a rd 

maj o r fccdlng ground s in the colde r 
~ou t h ern O cean. The warm Lccuwan 

Current. which beg ins near the spawning 
ground .uuJ ~ Mrong~t in April, rig ht :1licr 
thl' spawning period, hdp:. to sweep the tuna 
down frolll ohc WcsL Atl>trali:m cu:ost to the 
Great ALosualian Bight and beyond. 

More about tuna 
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