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INTRODU TION

It was in 1893 that an eninent Danish fisheries biologist,
C.G. Joh Petersen, first taggeal plaice by attaching to them a nunbered
bone disc for the pu4)ose of estimating the expLoitation lat€ allal the
size of population. Fxon this beginning, tagging and marking techniques
have become an inalispensable tool in the study of fish populations.
lndeeal, there are now very few species of fish of najor connelcial-
inportance which have not been tagged or marked by one neans or anothex,
and the technique has been extended to molluscs, crustaceals, anal sea
marnmals. Its applications range fron a sjJnple estination of fish
rligration in connection with the discrimination of a unit stock of a
species, to vitalfy inportant estimation of the abundance of stock,
gr:owth and nortality rate of exploited fish populations.

In Southeast Asian contries, especially in Thail"and; there have
been some attenpts to carry out tagging experinents during the last
tno decades. However, as the applications of tagging techniques have
becone more varied, and the questions asked of the resulting infonation
more denanding, so have the shortconlngs of various tedhniques become
mor:e apparent and serious. Although a manual concerning materials and
nethods used in narking expeliments in fishery research was proaluced
by R. Jones in 1979, it has not been put into practicaf, use in the
Southeast Asian countries. It has been atrparent for sone yeals nolr
that a nanual on tagqing techniques best suiteil to the Southeast Asian
conditions shoufal be made available to the fisheries scientists in
the region. The seminar on shared Stocks of pelaqic I'ishes, helal in
Bangkok in August 1981, nade a reconmendation to that effect.

The present manuaf is the resuft of a colLaboration ber!,reen
the Resear:ch Division of the Training Departmant, Southeast Asian
Fisheries Develognent Cenler, and the Petagic Section of l,taline
Fisheries Division, Departnent of Fisheries, Thailand, h this nanual
we deal with scme practical aspects of conducting tagging exper:iments
in the \raters of Southeast Asian region, such as the choice of tags
and aninals to be tagged, nethods of handlins and tagging animals,
ways of assuring the reporting of tagged aninals recapt\rreal by fisheries,
etc. The success of tagging experiments in the tropical watels
depends, we bel ieve. on such pract ical  considerat ions.

The manuscript  was reviened by V, Hongskul,  R. Jones,
J-A- Gufland, S. Tanaka and S, Shindo, vrho offered a nuniber of useful
suggestions. The original ilfustrations and the redrawings were done
by N, Ruangsivakul and t}le reproductions appear with the kind per:mj-ssion
of the pubf ishers of the sources ci ted.
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I. NATI.IRE OF TAGGING EXPERIMENTS

f.l Definition of l,lark and Tag

In his I'Matelials anal llethods Used in Marking ExperiuEnts
in Eishery Reseatch". R. Jones (1979) made the foLlowing alistinction
betl'een a rnark and a tag:

A "nark" is anything external, or internal, incorporated lnto
the integunent of an anfua] that can be \r6ed for recognition
pulposes. The word "tag" is usually reselv6d fot ialentification
rnarks that are attached externally or inserteil internally.
For example, a piece of plastic inserteal into the integument
or body cavity, or attacheil externally, is usually teferred
to as a "tagq. A patch on the integunent ptoduced by the itye,
a tattoo neealle or a branding iron, on the other hand, i.s
usually terned a umatku. Thus a tag is a na!k, whereas a
nark is not necessarily a tag. Some anilnals can be distinguished
fron others due to the presence of palticula! palasltes or
rnellstlc charactets. These natural forms of identification are
nornally referled to as "biological tagsr, or ',biological narks'.

If we lrant to obtain onfy the information of tnass at the
population leve], e.q. the population size or rnoltallty rate of an
exploited fish populatlon, it is sufficient to conduct a narking
exlrerinent. But when nore detaifed biological data on tnarkeal individuals
of a single species are required, a tagging experinent is nore suitable.

Experirnents also vary, fron those in lrhich there are very
Iarge nunibels of na-rked and unmarked aninals to those tn which there
are very few. I'or exahpfe, a very large nurnbe! of indiviiluals nay have
to be tErked if there is to be high e)eectation of getting some
returned by conmercial fj.shernei. On the other hand, if the object
of the expetinent is to study the behaviour of a singLe ihdividual
calrying a particular kind of mark, such as a sonic tag, then it nay
be sufficient to nark only one aninal at a time (Jones, 1979) .

rhe present rnanual deals only wlth the practical- aspects of
tagging, because maxking experinents have not yet been alone in the
Southeast Asian countries.

1.2 Ptanning a Tagging E4)eriment

Typically, a release-recaptule expelihent involves the
foltowing sequence of operations: 1) capture of aninals to be tagged,
2) handlinq and holding the aninals aluring th€ tagging oparation;
3) taggj.ng processr 4) lelease of the tagged anirnalsr 5) subsequent
recapture of the aninals anal the aletection o! recovery of the tag
( , l o n e s ,  1 9 7 9 ) .
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the likefihood of success fo! a release-leoapture experinent
depends on the result of planning lrttich is ctosety related to the
objectives of the expelinent. The factors that may operate !o
reduce the likelihood of success alie : I) mortality of tagged
individuafsr 2) loss of tags thriough shedding or ileterloation,
3) di.sproportionate distribution of fishing pressurer and 4) failure
to detect or report tagged animals during the recovery process.

Ih€refore such factors as species and size of fish, fiEthod of
capture anal ahount of handting, duration of exper:iiEnt, steps of
tagging operation, nuibers to be taggeat, and rEthod of recovery and
publicity, shoulal be taken into account when ptanning an e)q)erinent,

2. OBJEqIIVES OT 1AGGING EXPERIMENTS

l'here are a number of reasons for conitucting tagging er(!)eriments
and the principal ones are listed betow.

2.f Investigation of l4ovelrent

lhis is one of the coiunonest reasons for tagging. The object
]"s to release one or more taggeat aninals at a known potnt (or points)
and to leaxn something about thei! novements fron the dlstribution of
t\ose animals that are su.bsequently recaptured (.tones, 1979).

2.2 Investigation of Mixing between Different Stocks

This is a special case of 2.1 nhere the species is knorn to be
dlstributed in the forn of distinct populations or stocks. Taggins
experiments provide one way of investigating nhether such locaL gEoups
are independ€nt or not (Jones, 1979).

2.3 Estination of population paraneters

2.3.1 Mortat i ty rate

The total nortality rate of a group of tagged individuats
can be estinated. this can be done fron the lray in which the rate of
lecovery of tagged individuals decllnes uith tirp (Jones, 1979).

2.3.2 crowth rate

The gro$th rate of taggeit individuals can be st\rdied.
this can be done by determining the change in body siz€ of an inatividual
flon the tine of liberation to the tine of recovery (Jones, 1979).



- 4 -

2.3.3 Age detel i l inat ion

The age deterrnination of taggetl individuals can be
rBde succeasfully. this can be done by holding tagged fish 1n 1lv€
boxes to asceltaln the growtsh increnentB pertodicatly.

2.3.4 Populat ion size

Estinates of the ratio of taqgeal and utagqqal aninals
in a sampLe can be used to deteltnine the slze of the untaggeal
population (,tones, 1979).

2.3.5 Er<ploitation rate

Estirnates of the ratlo of tagged anat untaggoil anlnals
in a sample can be used to deternine the e*ploltation rat€ of a
population.

As mentioned a.bove, there is a ride varai€ty of
objectives of tagging experirents, and fo! each of then a particular
tagging technique nay be nore suita.ble than all the othels. It ls
thelefore inportant to identify cleally the purpose of the e4)€rinent
arlal to choose a technique accoldingly.

However, the investigations anal estinates ba6ed ott
tagging e)periments involve various biases. Fo! example, lf rde warrt
to obtain an estirnate of population palEunetels in palticula!, a
nuriber of factors can bias mortality estinates based on tagglng
elpelinents, anil there is likely to be so!€ additional nortality of
tagged fish, either initiaUy, due to the process of capture, hanilling
and tagging, or subsequently, due to the p!€sence of the tag on th6
fish. Lss of tags, tlon-reporting of tags, nigration of taggeal
inilividual,s away fron the recaptuie atea, can also bias the reaults.
Ihese factors all. lead to overestimates of the mortality rate of the
untaggeal indlvialuals.

The aliscussion in the present nanual, howeve!, haB been
linited to the sefecteal fish species and lnvertebrates in the aEpecta
of tagging techniquea for these aninals, lncluallng some mlnor reaultg
of j-ts apptication such as their nigrations.

Ihe more theoretical topics, such as th€ atatiatl.cal
Ethods of desiqning tagging experirents and estidEting populatlon
p:Eametels froin the results have been trealeil here by way of agggeations.



- 5 -

}IATERIALS AND METIIODS

3.1 Mater ia ls

3.1.1 Fishes for e)eerinent

In Thailand, a tagging progran for several important
f,ish species was j.nitiateal by the Departnent of Fisheri€s in l-959,
then advanced by the Pelagic section of llarine Fisheries Division in
f976. It is still conducted at present for the purpose of getting
infonnation on age anal groseh of fish in nature, as well as for the
estination of fish idgration (Sonjai{ong anil Chullasorn, 1974).
Initially, tagging expelj.nents ne!€ conilucted for the coNnercialLy
iq)ortant pelagic fish species, such as mackerels: lnalo-Pacific
fi|ackerel - Rast"elli,get neglectus, hdian nackerel - Raetrellige"
kdnagwta, Big-eye scaal - SeL(r" cnnnenopht dzit g, Rounal scad -
DecaPtenB spp., and Trevally - Cardn& spp. (Fig. 1). Recently the
e4)erinents have includeal tuna-like fishes such as spanlsh mackelel -
Sconberono?us spp.. Hcnrever, anong those species, Indo-Pacj-fic
mackelel has becone the main target of tagglng experimenls becauso of
its comnercial inpoltance, and because it is easily handJ,6il.

In Japan, tagging el<periments for both rnackerels and
yellowtail i{'ere initiated about 60 years ago anil have b6en going on
eve! since. Nowadays, the fishes nhich ar:e used for taggi.ng purposes
in Japan are roughly cfassified into two groups, nanelyr salnon-llke
fishes and tuna-l-j.ke fj,shes (incfudinq nackerels).

In both Thail-and and ,lapan, fishes which have been
included in tagging experinents have conmon biological. characteristics,
such as nigratory behavio!. It is therefor€ advisabfe to alevelop a
suitable tagging technique which can be used for the purpose of
getting infornation about the niqrration of those shareil stocks.

3.I .2 How to col lect l ive srecinens

Indo-Pacific nackerel specinena for tagging purPoses
have been collected from bamboo stake traps, thai purse seines, etc.
the thai purse seine (incLualing luling purse s6ine) seems to be the
nost suitable gear for catching large nunibels of specimens. Howeverr
it is necessary to take great care in hanilling of specinens.

The sanpfe size of specimens valies depenaling on the
pu4)os€ of the q<periinent, but usually 50O-1,00O fiqh ar€ useil.
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S e7, ar cvlnn en op ht V4llttus

ScanbeYofiot"re sEP.

sone of the fish species included in tagging
experinents in Thailanal'

RastveLlige"

F i g .  I



- 7 -

Ihe body size of specj.nens in experinents ranges fron I0
to 16 cm in stanalard leDgth. cenerally, the young nackere!. of 10-16 qn
in stanalard 1ength can be collected in the Culf of Thailanil arld
the Andaman Sea during the period frqn May to ;Iuly,

3.1.3 Brpes of tag

In the early stages of tagging in ftailand, in the
1960s, a alirect attaclunent was coltrnonly used. At this stage, the dart
tag, "€paghetti" tag and Petersen tag were used fo! tagging experilrents. t

Later. seven types of ilifferent colored tags nere tested
in order to find one suitable for hdo-Pacific mackerel. It ras found
thal the real color nylon dart tag is the nost convenient for use in
the culf of thailand (sonjailrong and chul-lasorn, 1974) (Tab16 l) .
fhi6 type of tag is sti1l used at plesent (Fig. 2) .

Tab1e 1-l Recoveries data in each year (aftef, Sorljai$ong e
Chullasorn. 1974)

Year of
!elease

1960

1961

1963

1964

1965

Color
of tag

Alea of Nurnber
releaseal

3 ,020

5 ,880

9 t547

4 ,83 r

2 ,79O

796

Nunber
recaptureil

431

552

2 , 4 O 5

2A4

4 3 3

80

Percentage
of recaptule

14.41

5 .88

white, ye11ow

Yellow, orange

Reil, yellow,
green, blue

Red, yelloi.,

Red

Real, yellow l -o.05

Total for Realr yelfo!,,
al-l years green, orange,

blue, \rhite
l ,  2 ,  3 2 6 , 4 6 4 4 , 1 9 1 15 .60



Table l.-2

- 8 -

Codrparisons of the color of tag
(aftex Sonjaiwong & Chullasorn,

I

Tagging equipnent (B,c) and the
on Indo-Pacific rnackerel in lhe
frorn somjaiwo$g et aL, '  lL97O),

in each fishing area
r9't 4)

A single-barb dalt (A) is
inserted into the fisht s
boily lmder the first ilorsal
f in with a holLow rod (B).

on the tag is written the
nanE of organization which
is conatucting the tagging
e4)erinpnt, and tlle alate
of le lease.

tag G) in position (D)

culf of Thailand (redrawn

HoUotd rod

Yea! of
!elease

A1l. 6 yeals

Area of color
of tag

Nubber
releaseal

Nuniber Percentage of
lecaptured recapture

I Red
Gteen
Ye110w

Red
Yel-1c,vt

Blue

Red
Yettow
Green
Orange

, White

515
160
708

3 t220
2 , 8 1 0
r , 565

970

4 ,559
5 ,33A
2 ,341
4t435

243

32
a

46

r  t 2 5 O
716
411

341
272
2]-6
452
16

5 . 0 0
6 . 4 9

3 8 . 8 2
25.48
26.26
44.43

5 . 1 0

to. t9

F ! 9 .  2
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Tt|e ea.rly Caqging operiments conducted in Japan
betreen 1920 and l94o revealed that the collar tag was suitaltle for
yel lolr tai l  (Fig. 3-I)  and Atkins tag for salmon^ (Fiq, 3-2).

*:

19 rl^N

Fig. 3-l Collar tags
Kask, 1943) .
yeltowlaif'

(reilraun from Ro$sefell attl
:lhese tags are s\ritable fot

small tuna' common nackerel etc.

posl-tlon of tag

F i g . 3 - 2 Atkins tags (redrawn fron Jakobsson, 1970).
A sinple tag consisting of a bead or a ftat
plate attacheal to the fish by a thread or
a plece of wire. Ihese tags lier.e introduced
by c.G. Atkins on the Pacj.fic sal.non in 1872.

In studies
Fisheries
injectlon

North Paci f icof salmon conducted by the Intelnational
C@nlission in the easteln Bering Sea, the
tag anal the Carlin dangler tag were used.

sahcrr

e L LLp6e
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After the Seconal liorlat War up to no!r, several t!,pes ': .,
of dart tags have been used for tuna, skipjack and sahon. The size
of individual fish determines exactLy rrhich tag is used. For exanple,
in the cases of tuna and skipjack tagging experiftentsr tlle dart tags
naale of nylon tubes of 115 mn length anal 2 nm dianetelr ate useal for
the juvenile individuafs, wheleas dart tags naale of poly-urethane
tubes of 140 mn length and 3 ll1tn diameter' are useal for the comon-sized
individuals. The alart tags of lock-on spaghetti tt'pe axe comnonty
used for salmon (Fig. 3-3) .

Fig. 3-3 Dart tags for trma (A) and salnon (B)

'lmerican 
manufacturer ! Floy Tag & Manufacturing, hc. Seattle,

Washington, IJSA.

Japanese nanufacturer ! Fuyo Sangyo C6. Ltd., Tokyo, JapaD.



As legarding the ;tapanese cotrmon rnackelel, ,gcorDef
japorieua, taggdng expelinents have been callLeal out aluring the last
flfqr yeat6. Inaleed. two hundred and twenty-one tagging expelLments
on the Paclflc aub-population of the;Iapanese comnon maokerel have
teken place betk'een L95O and 1968. They levealea that t.|e Atklns
tlE e of tag (Fig. 4) fastened on to the caualal petllmcle, nas th€ llost
guitable one anil had the highest recapture rate.

AX

A :

--_---'---ra,!-J

Atkins tag, fasteneil on caudal pedt!:rcle.

Atkins tag, fixed on alorsal fin Dase.
a, b:  Tagging tools.

Dart tagr thlust i.nto dorsal fitt base.
The tagging tool is shown above.

Types of tag and tagging Fosition for .tapanese
nackeleL (aftei ttsani and Matsushita, l9Z4).

c:

E i I . 4



3.1.4 Tagging equiFrent and nethod

The procedure of tagging operation, 1n the period
between 1960 ard 1965 io Thaila.nd, was aa fo11cffs (soudaiwong and
Chullasorn. 1974):

- 1 2 -

ii) Putting tag into applicatot aJtl placing
in a tag hofder (fiq. 5) tn nurnerical. orde!,

l) collecting live fi8h apeciesnens by banboo stake
traps or Thai purse aelnesi

2) Holdlng the specieqtens in a floatlng pen fo!
2-3 day6 until th€y have recoveredi

3) Tagging operation

i) PIeIE ing th€ tagginE equiptnentt

ii) Itol.ding the fl6h in the correot position,

iii) uaking a hole urde! the first dorsal fin
with a sharp tleeallet

iv) Putting a ddlt tag into the hollon roalt

v) Inserting the hollow lod lnto the hole,
bdisting a little in olate! to let the tag
go tlEough untler th€ s?inet

vl) PulLlng the €llltr)ty hol1c'v, rod out,

4) Holding the tagged fish j-n tho floating p6n
for 3-4 days, or until they are Etlong enodgh
to be leleasealt

5) Transferring tlle fish to a particular a-rea and
releasing them'

The procedure of tagging operation for tuna which
has been conduct€d in eastern Inalonesian $atels is as follorrs
(Yonenori' tkt lseja ard l.lerta, 19a4)3

I) Preparation

1) Washing and cl.eaning tag appLlcators wlth
aetergenti



iii) Covering the ileck whele fish are land€d
\rith foam rubber sheeting ln order to
plevent shock anal ilarnaEe to tlsht

iv) Arranging tagging crailles (r'ig. 6) at the
most convenient place for taggingt

v) Keeping the tagging craalles antl foan rubber
sheets lret lrith firniing sea wat6r to prevent
loss of fish scaleg.

Fig. 5 bag holder

dn

I
I

28 cm
I
I

85

!i9. 6 Tagging cradle

vinyl sh€et

length narkb l



2 ) Tagging operation

i) Selecting only active flsh for tagging.
Avoiding fish injured on eye or gi1l,

ii) Placing the selecteil fish on the tagging
cradle (coverlng the eyes uith hana or wet
cloth when the fish is too active. This
w111 pacify the f ish),

iii) Measuring the fol.k length to nea.rest <rn
on the cratlle atrd stabbing applicator
(containing a tag in it) obliquely into the
body beside th€ seconal dolsal f,iD. The
barb of tlle tag shoulal faoe towards the
side of the flsh to ensure the tag ls
finnly enbeddet! in the body {Fig. 7).

- 1 4 -

ln position on tuna, anal
balb in position towalil€ the side of fj.sh

FLg. 7 (A)
tB)

aag
the

3) IEnediately r€leasl.ng tie tagged fish
sea over the side of ship.

The two nethods ileecribeil here diffe!
from each other' especiall-y in the ptoc€dure of releaslng

into the

vefy rnuch
the tagged

As regalds the effect of holding taggeal plaice for
valious periods before release, Beverton anal Bedford (L963) sur[nariseal
thei! findincs as follol,s:



1 ) The aleath rate in the hoLding we1J. was
increasingly condition-specific up to fiv6 days.
The death rate anong the best condition fish,
honever, remain€d small or nil. llhe letuln
rate of tagged plalce released after being
hel-d for periods of t!ro, three and five days
was a1so npre condition-specific than the
imnediate !eleases.

Their initial tagging mortality, if released
inmediately after b6ing caught ard taggeal,
is likely to be snaL1.

2 )

sj.nilar results have been obtained by lhe experihents
on some pelagic flsh species j"nhabitj.ng the seas around ;taPan (Nakai
a.rd Hattori, 1952). Thus it appears that holdinq the tagged fish for
various periods before release tends to affect the nortality of tagged
individuals in the sea after release. In the Us, Europe atrd Japah
the tagging procedure is faster anal sinpler because the fish ar€
genera11y releaseal irmnealiately aftet tagging.

In the experinents where fish are r.eleaseil imnediately
after tagging on board, it is desirable to plepare sone portable or aleck
tanks to holil the fish before tagging (F19. 8-1),

\

Supportlng hoops

- Canvas coal-ond fu1l of \rater

.- Deck tank

Bailing fron bunt to holdlng tanks.
Fish are releaseal into the tank by untying
the bottom of the canvas coal-end
(redrairn fron Jones, 1979).
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Usually, a fish is first anaesthetized lrith Tricaine
Methaneulfonate (MS 222), Ulethane, Chloretone or sinilar substahces,
its body length is then neasured and finally it is tagged (Fig. 8-2).

Anaesthetic

Fiq. 8-2 Tagqing procedure by usinq anaesthet ics
(after Kotthaus, 1963).

When dealing with physoclistous aleep wate! fish
(that is, fj-sh with no air duct between air-blaalaler and alinentary
caDal), the use of loweiing cage or loneling cylinder may be essential,
because sone fish will have inflated air-bladdexs anal nay not be able
to dive alue to their  increased buoyancy (Jones, 1979) (Fig. 8-3).

Fig, 8-3 lowering cylinder ( redralin fron Sanalemon & Rees, 1963)
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A more conplicated tagging plocealure in Thailand is
plobably due to the fact that ilelicate fish are chosen for taggi.ng
experimeflts, and hence the specimens tnust be handLed \rith gleater ca!e.
In the uS, Europe and Japan, a lot of releaseal specinens of tagged fLsh
are easily obtainable on aleck at any time of tagging exp€rfu€nt.

After 1965, new tagging tecllriques we!:e alevel.opefl.
special applications such as a tagging gun anal needles facilitated
the work and nade it possible !o iDcrease the nurlb€x of taggeal specrnens.
thj.s iq)roveal tagging equiFnent is sholrn in Fig. 9.

Fig. 9 Exanples of tagging guns for apptying
anchor tags.

a : Japanese design : Banok 103-5 sutr4 ied
by Rigosha & Co. Ir td, .

b r anerican alesign : Dennlson nark rr
Slriftache! cun 0€945 supplj.ed by Floy Tag

Gun tagging allows deep penetlation for a better
an91e of the tag flo$r a1on9 the back of the fish.



3.1.5 Recording of r:elease data

The itens lrhich llould be lecorded before releasing
differ accortling to tagging purposes, howeve!, basic infornation such
as tag nunber, species and body leng:th of each taggeal fish ale recortleal
in al l  cases.

h the progress relorL on tuna tagging in eastern
Indonesian \"rate!s, Yone.dori, Ifttolseja and Merta (1984) gave the foLLowing
aalvice on recordinq datat

i) Recording tag nuhber, species, fork length and
physical condition for each tagged fish
{a cassetle tape recorder is useful for this
purpose)t

ii) I'ransferring these data to the RELEASE E\9RM along
with release data, location (latitude, longitude),
weather alrd sea conditions, natel temperature,
tl4)e of fish school, total catch, etc., for every
tagging operation (using sepatate RELEASE FORM
for eash tagging operation even on the sane alay).

A separate release foln shou}d be made for each taqging
experinent.

3.1.6 Releasing taggeal f ish

Most of the tilne, it is sufficient to refease the fish
into water tmnediately after tagging. However, in Thailand the tagged
fishes ale kept teq)orarily in the live boxes or floating pens until
they show no sign of weakness.

As regards tr:opical fish species, the releasing technique
which is practiced in Thailand presents both advantages and disadvantages.
On the one hand, the released specinens are known to be in normal healthy
conalition, because several inspections have been carlied out throughout
the period of holding. Therefore, a greater rate of recapture can be
exPected unaler the systen of returning reports. On the other hand,
this nethod is not suita.bre when dealing with a 1ot of speci.mens in

The release area is usual ly located near the tagging si te,



3,1.7 How to treat the obtained data

3.1.?.1 Recapture of taqged f ish and recovery of lags

Tags can be r.ecovered in severaL ways, as
follows: l) on board ship at sea, by fishexnen hanau.ing the fisht
2) on the quayside by a docker discharging, sorting and vreighing the
fish, 3) on the prernises of a wholesaler. or at the fish market, lrhere
fish is filleted and packedr and 4) at a letail shop.

h Thailand nost of the recaptured fish in
the experinents with Indo-Pacific nackerel have been reporteil by
f ishermen.

In the tagging experiments conducted froh 1960
to 1965, a total  of  26,864 Indo-Pacif ic mackerdl  with dart  tags vrere
released in the four areas in the Gulf  of  Thai land. Of these, 4,191
or 15.6 per cent were subsequentty recaptured. During f970-75 experi-
ments 12,921 tagged f ish were releas€d in the three areas, and 849 or
6.57 per cent of then were recaptured and reported by fishernen.

di f ferent

Table 2.

Table 2 shows one of examples of the data
In this table, the lecapture rat€s are tabulated by

years and by di f ferent rel .€ase areas.

Yearly changes in recapture rate of Indo-Pacific hackerel
tagged in three areas in the culf of Thaitandr fron 1970 to
1975 (adapted f ion somjaiwong, 1980).

Nudber of Recapture
lecaptured late

r9?0 I I 544
3 . 4 3 a

7 6  1 1 . 9 1
' 1 1  2 . 4 1

191t I I
I I I

915
1 , 0 1 4

6 . 0 1
2 . 5 6

5 5
26

r972 I I
I I I

1 , 0 6 2
r , 4 9 4

4 , 9 9
13,92

5 3

19?l
114

5 . 7 6
9 .  ? 0

1 A
1 3III

L914 I I 1 , 0 4 6 1 . 8 2I9

1915 1 . 9 1 9 1 1 . 0 3250

1970-19?5 I . I I I 6 . 5 1

Yea.ry averaqa of 1 3 . 0 3
6 . 5 1  ( s . d .
? , 0 6  ( l , d .

I I
I I I

12,921 849
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By using the data shown in Table 2, ye ca.n
alemonstrate, for example, that the yeaily average of recaptUre rate
in areas II and III ls nearly the sane as the teoapture rate for all
six years of extrErinent durinq 1970-?5, afthough with a heavy fluctua-
tj,on betweerr years.

Cenerally, in any fish species there is a
tendency for ebe recapture rate to be directly ploportional to the
fiahing pressure (intensj-ty) torrards the targ€t ftsh stock (Kutogane,
1963). But in the case of Indo-Pacific nackele1, as shohm in ta5le 2,
it is uncertain rrhether t-here is a tendency for the recapture rate to
increase as the f ishinq intensity increases.

As shoh,n by the 1981-83 exlElirnents conalucteil
on the test coast of thailartl. there is no significant difference in
recaptur€ rate for ilifferent y€:Es, nor fo! diffelent lelease aleas
with sone nino! exceptions. Table 3-1 gives lhe relevant data,
as well the nur'b€r after release.

Table 3-l Results of tbe tagging e)<Irertftent wt+J\ Raet"elli,ger braahgeona
on the west coast of ti|ailand. l9a1-43.

Year

Nufiber of
released

fish

Nurnber of
recaptured

fish

Recapt\rre
late

Days lapseal
after

telease
Rolease area

l98r a 22 - I3I Ko Terutao, Satul

t/79A2
2/I9A2

2 4 2
432 24 2 . 8 4 l ,o - 150

Ko Langu, Satui.
Ko Lan$r, Satul

Total 1982 r,o74 2A 2 . 6 L lo - 150

vt983
2/r9A3
3/19a3
4/Lge3
5/L943
6/1943
7 /r9e1
a/ L9A3

694
'122

697
659

544
459

'1

3
2
2

26

2
t

I . 46
0 .43
o .28
0 .29
3 .9 {
0 .91

o.2I7

L 4 - 2 0
r - 1 4 0
4 - t 4 6

?

Ko Terutao. Satul
Ko ferutao, Satu1
Ko Bulon, Sat\rl
Ko Bulon, satul
Ko lelutao, Satul
Ko lerutao, Satul
Ko Bulon, Satul
Ko Bulon, Satul

Tota] 1983 4 . 7 9 9 48 r .0

1981-83 6,3S5 a4 t r -149
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Table 3-2 sholrs aletalls of tj$e elapseal between
releaae and recapture of lndo-Pacific rnackerel on the uest coast of
Thailand.

Table 3-2 Elapsed time betlreen release anil recapture of Indo-Pacific
nackerel on the west coast of Thailand, 1981-94.

1931 1SA2 1983 t9A4

t!nb.. of r.1..6.d fl.h

8unb.. of r.c6ptur.d flGh

5t3

23

L

to

1

5A

2,61

From Table 3-2, we can draw further infelences
as follovrs: 1) the nunber of recaptured fish is prealoddnant withio
30-60 days after release, and decreases almost exponentially as the
nu ber of elapsed days increases (F!9. fo-I) , 2) the masntlude of
decreasing trend of recaptureil fish, hol,ever, is differetrt by years
(Fig. 10-2), 3) the recapture of tagged fish conlinues until about
150 days after release, regardless of differential er<perimental years
( F i s .  l 0 - 3 ) .

o 60 90 120 150 180

Drys frqn tsggir8 to rcc€Pt re

Eig. 10-l Days elapsed frora
to recapture, anal
nuniber of r€caplured
Indo-Pacific lnacke:ieL,
on the $€st coast of
Thaitand, 1981-83.

.o rD
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100

90

a0

70

l q 6 0

3ro

50

30

1 0

20

30

Fig. .1O-3

90 120 150

30 60 90 120 150
Days after release

Fig. I0-2 The nuiber of recaptrueal

after release (adapted
from ChulLasorn, 1984)

O!:  f98I experjrents
a I  L9a2
x :  19a3
^ :  1984

Cwnulative. percentage
curve of recaptureal
f i  sh.
(adapted frosr
chuLl-asoln, f984)

A = J"gBl experlnents
B = 1982
C = 1983
D = 1984

60

Tabte 3-2 and Fig. 10-2 can provide estijftates
of dopulation parameters such as nortality rate, survival rate anit
exploitation rate, in conalitions of exponentlal decreqses of recaptured



Table 4 shows the recapture rate of several
fish species in the seas around Japan.

Tabl"e 4. Sone examples of recapture rate of pelagic fish species ih
the seas arounal Japan (aalapted fron K\.lrogane, 1963),

Spec j  e6  Year  l r "d  Nunbpr  o t  n .capture
re leased f i sh  .s te  {  )

Sa.d ine  1936-1937 Hokka ido  30 ,000 O.0S Hu j ika ta  &Nakaz ina(1938)

1950-1954 (yushu 32 ,000 1 .60  Tsu j i ta  {1 ,9611

He. . ing  1949-1957 Hokka ido  7? ,OOO 4.65  Hokka ido  Res.F tsh .  n .6 .Lab. (1958)

Japanese 1924-1934 Vho le  Japar i  24 ,000 0 .66  ka6aha.a  & l to  (1953)

I952- I9s9  Japan sea 7 ,300 2 .54  Mach i .naka (1960)

1953-1959 Kyushu 32 ,000 1 .41  TEUJ i ta  (1961)

Jack  1952-1955 No. thBest  19 ,000 9 .6  Mulakan i  &  Hakamada (1957)

Ye l low-  1917-1934 Whol€  Japan 4 ,100 17 .1  I ta tsush l ta  (1953)

l9s5-1956 Japan Sea 2 ,aoa 2 ,6  NaAata  (19s9)

Sa lhons  1924-1942 No. th  33 ,000 4 .9  H i .aho (1953)
Hokka ido

Sk ip jack  1935-1937 Pac i f i c  1 ,70o o .65  Tohoku Reg.F i6h .Res.Lab. (1952)
Ocean

Albacor .  1957-1959 Nor th  Pac i f i c  94o o .95  Suda {1961)

Tagging techniques for different fish species
may be different from each other, ho\dever, the yellowtail shor,rs the
highest recapture rate, whereas the recaptule late of nackerel shorrs
low value similar to those seen in Tabte 3-t for Thaitand.

The differences in the recorded recapture
rate anong fish species may be atue to differences in com.nercial value
of tagged fish, as well as the unequal visibility of tags r^then the
recaptured fish are hatdleat. The average body size of a tagged
lndo-Pacific mackerel is 10-16 cn in standard length and iC was therefore
considered that the net selectivity and discardinq of small fish at sea
nay also be responsible in certain circumstances for the lower retUrn
rate. The higher return rate of yellov.fait nay be due to their larger
boaly size (nore than 20 cm in one-year ctass) a$d their highet conmerclal
values.
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.If $e want to investigate the ecologloal
aspects of the ftsh, it is degirable to use tlle 6alEr1e specinen€ which
aJ,e classifj.eal into yearly cycles of life or tlevelop@ntal stages of fish.

Table 5 shows an exalnple of t€ally chang€s in
recapture rate of yellowtail trhich wele cla3sified by dlifferent y6ar
classes. In thl6 table, the yearly average recapCur:e rate shows falrly
high values (S.1-15.5t) and the rate has been increaslng steaallly since
1960, especiaUy for two-year a.ndl three-year class speclDons.

A sindlar result nas leporteal i.n release-
recEpture er<peliments where fish spechrens were classifi€d by yearly
l l f€ cycle (Fig. I I )  .

n - 32 t{1nt.r1n9 Fllod

, : I

! r
i

t .

Ar

Elrly reei[tlg ttlloil

I{t.r f4dlng p.dot

Diy! 1ap&lt !lt.! r61ea6e

Relationshlp between the nurnber of recaptureal
.fapanese comllon lnackerel anal alays elapsed
after lelease, cLassifieal by yearly cycle
(after Usami & Matsushi. ta,  L974).

N : nuntrel of released flsh
n I nutr&rer of recaptureal fish

Fig. 11
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Eiqure 1I suggests that the highest recapture
rate, which is in the spawning period, flay be the natural result of the
interaction between the ecological phase of rdackerel lrhich migrate
in large groups towar.d the spavrn.ing grounds and the strongest fishing
intensity during the spawninq period.

Thus the r.eported recaptute rate varies widely
by sevexal factors and it seens to be quite difftcult to choose one
factor erhich has t'he strongest effect on the rale of recaptule. llowever
if it is true that the success of tagging experjnrents depenals upon the
achievernent of high recaptur.e rate of tagged fish, v,/e nust publicize
the iry)ortance of tagging experiment, because a hiEher recaptute rate
of tagged fish could be achieved by strengthening condnunication between
researchets and fishermen and by giving publicity to taqging experinents.

It has been found useful to publish posters
and notices which explain the purpose of tagging, and to offar reward
iro anyone who returns a tag and supplies informalion. Figures 12-1,2,3,4
sholr  examples of such reward not ces,

-  2 6 -

TAGGEDFIsH
REWARD TO FINDERS

Fig. 12-l Reqrard notice used in Lale
t A J s L r  d r r  d J  r n v e s L f , q d c l o n

Thomson, 1963).

Macquarie
(after
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iSKEF6i

K,;

IIM,

Fig. I2-2 Reward notice of skipjack and tuna
i ^ i r F t , ,  L . ,  I n d o n e s , a  a n d

P a c i f i c  T u n a  P r o g l a n ,  F A o ,  1 9 8 4 ) .

taggang Pr:ogram
FAo (source: hdo-
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lrtll rtilffil tltAB0ft IlEffffi

r!@6t

Th. fLheie. Rs.otch DivLlon ir tdsgins
olbo.o.e loho h lh. N.w Z.qlond rcgion o'
porl of o p.og,omm.lo gothr lnlormotion on
groelh,ahunddE. oDd mjlrotion dnd dilplBol
in th. Sooth Focific Oc.on. Eoci fi'h will corry
on. or rvo t.llow plqlrk log3, b.oring rhe
l.llqins or 3hNn obov.,

In o pr.lininory .r6.cir. w. hovc red toql from
lfie Com'nonwedlth S.i.nrific ond tndorr,i;l
R.360rch OrsqnLorion.Th6e€ b€or r$€ following

REWARD C.5.I,R.O. CRONUITA
AUST TENGIH OOOOO

REWARD
A Gword or 5oclN.z.l willb.poid on rcc.jptot
.ith.r lypeolrogondth!lolloeinqintorrorio:

Oote und plo.e ol coptuG
Fnh bisrh Inon tip ol !.oor to fo.t of rditl

Yolr .ooperclion it.oughl jn r.turning th! tog
o.d rh. obov! Inforhorion iol

Relrard notice used in New
laggrng program (source:

rhhe.ier R.!.orch Divi!ion
Po. lox 19062
Wellinglon, Naw Z.olond

zealanal albacore
T D F '  / ]  '  / D F F  ' I ]

F i g .  1 2 - 3
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IEIIARD FOR REll'RN OF TAGGED PISII

t a g  l t l o .  r  . , . . . . , . . ! . , . . . . . . , . .

l' r,r./t'EE./ML6s, . . . . . . . . . , . . , .rcknofll.€ilgt

r e c e i p t  o l  R L n g g l t  . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . "  l e v | a i t  l o !  t h e  r € t u r n

of (Nur6s!) tagg€it !lsh.

DETAILBD INFONIT'ATION ON 1AGGED I.ISH AICOVERED

Tag llo. . . . . . . . . . . . . . . . . . . . . . colour ol lag

lotll €xEene lengtn (Lx) n.tB lody langth (ll) , . . , . , r , th.tr.

Date caught

Bi€a eh€!€ t 99ed ltsh rras !€co$e!d

T y P 6  o l  l l s h i n q  g s a r  . - . . . . . . . . . . . - .

D € p t h  o !  e a t € r . . . . , . . . . . . . . . , . . . . . . . . r c t r . 8 .  D l a t ! . r c .  l r o n  . h o ! . . . . . , . . ! | u e t

I o t d  o e t c h  o f  c h u b  l l l c k e l e 1 , . . . . . . . , . . . , . . . . . . , . . . , . k g s .

Nue o !  Reco ld le ! . . . . .

Pleas€ nol€! FlEh length should b€ nealuied ln n.n, floti tn€ tlp of thc
snout to caudal pedluocl€ (lB), and rIEo fron snout to tha
eatren€ enit o! the tall (tx, {as shono ln dl.g!||n abov€) .

Etg. L2-4 Part of the l.ewaral notlce used ln the current Malaysian-
Thal- ,tolnt Tag91n9 Plografiu€. Ihe notlce, w.ltten ln
both lhal and Engllsh, has been dlEtrlbuteal to local
flshellen.
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3.1.?.2 Determining nigrat ion pattern of tagged f ish

3.I .7 .2.L Direct ion of niqrat ion

The tagging exper:inents of Indo-
Pacific mackexel conducted on the east coast of the c\rlf of Thaitand
(sornjaih'onq anal Chullasorn, 1974) revealed that most of the tagged fish

were recovered in the xefease areas except for some large-sized groups
which noved out in search of food and spa\r.ning grounds (Fig. 13). The
experiments carried out in 1970-75 (Somjaiwonq, 1980) showed thar the
najority of tagqed fish ftligrated from the release areas towaral the shore.
The tagging e)<periments conducted in 1981-83 along the trrest coast of
Thailand (chullasorn, 1984) , on the othe! handr shovred that altiough mosr
of the fish noved only a short distance fron the ielease
appeared to prefer nortnlrard dligration durlng Mar.ch-April and August-
October:, and southward nligration during June-Ju1y (Fiq. 14) ,

These three groups of results
suggest that aiespite sone differ.ences in migration pattern anonq different
size groups of tagqed specirpns, the noveneDt of tagged fish whose body
size is 10-16 cn in standard length is limited to short disrances, and
they are not likefy to cross tie culf, of Tha-iland.

Fig. 13 The nrgl:ation r:oute
of tagged f ish

area I11 (Prachuap)
of the Guff (after
sonjaiwong and
chul lasorn, 1974)



Eig. 14 The migration ioute of tagged fish released on

the west coast of Thai land, 1981-83
(chul lasorn. 1984),



The dlredtlon of, &oveuFht of tagged
fish ca.n be trac€d on the basis of the fr€qu€ncy ilistllbutlon chart
divtaeil into eight alLrections. Ftgnre 15 shows alr exanple of the
iliatllbutlon anil bovedent of the sea bleam in the Yeltow Sea ascertaineil
by tagglng experinents in 1964.

t - l

n*-
t - 1

| 
-'l-Tr--

t 1
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i l--'-

_J| :
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r l
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fig. 15 A: Flequency ttistrl.bu-
tiob (pe! o€nt) of the
lecovet6fl sea bream
found in each direction.

Br Flequenoy ilistrlbu-
tlon (Der cent) of
the tagged fish
recoveled in each
directlo[. I{unbers
indLcate the day6 after
reL€asing (after Okada,

1966) .

the above figure lnilicates that the
taggeal Eea bream move ln alL tlirections within 30 day€ aftet tr ibration,
but thereafter, nost of then travel east or southeast tordaltl thei!
wlnteiing ar€as.

In the case of the Paclfic
sub-population of adult nackerel in th€ seas alounal Japan, there lrere
exanples of fish nhich neJre recovered 480 nautical ldl€s away fron the
tagging place, anal of others that nere recapturetl r*ren the fish
revislteal the release site (Fig. 16).

; d r
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Movement of the ailult nackerel classified by yearly cycle
of life at the tine of release during th-ree periods for
di f ferent stock slzes (after Usami and Matsushita,  1974).

Release posLtion Recapt\rre posltlon
O: 19so-s9  . :  A  f l sh
A : 1960-65
. .  , " . ._."  Nunerals Indidatse hunber of

recaptured f ish. botted circ les
indicete recaptur€ area.
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From Fig. 16, we dan lnfe! the
foli.owing: 1) accordlng to their yearly cycle of 1ife, thele seems
to be a tendency that individuals belongtng to tlle ecologlcaL phase of
the latet feealing pericd nake la]'ge! schools anil show 1o;g soulnward
rtriglatlon in search of spawning grounds (see Fig, 16-D), 2) inilivialuals
belonglng to the spalrning period genelally have a tenalency to remain
near the release slte alound small isLands, but sone of them rnigrate
Dorthnard in search of fooal (see Fig. 16-8) , 3) individuals belonqino
to both wlntering and early feeding perlods tenil to have Emaller
ldgration alue to being in a transitional stage of life (s€e EiqE.
16-A, r6-C).

3.I.7.2.2 Digtance and period of trLigration

The ptesent method of connecting
the release point to the recapture point by a stxaight llne is not
adequate for estiration of novenent of tegged fish after release-
Tanaka (1972, 1975) proposed il nel' nethoal of analysis, by using alata
fron the tagging experinents of yellolrlail (Fiq. 17).

In Fig. 17, a tiro-dimensional
e)q)lession of the points of xelease andl recaptule of the tagged fish
in tjre and space has been tried by approxj.natibg the pacific coastline
of Japan from Hokkaiilo to K]'ushu by a curve reducing tlle space into
one dimension.
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Etr. ttlrl cr.pl' rrwtns ti. nt.tt6 h.t$.b
ln tlr !d 8,6,

rh. .!rc. l. dPl..r.d rp?rcrtBt.ly
bt o. dtMn.loh oh th..brcl.rr. clr.l.
ol !..r ot atott.d 1!E ,Ith rl@t. ltr ltr
Flnt rit th. hr!$.t or tl.b ot r.r.ar..
s.rl .ttcl. or circr. ot brcrd !r.
rlth o. dtndt rl9@ l. 9.-.tLa.,
Fl.t !n th. nbt r ol tl.h or r.(aptut.
( ( r t  t r  h t t t .d t .  h . . l  l lm e lLh  br lc t
e.11 clftl.' ll'h t 60 .r. D6tr.d rth!
rlth rhl!€ .Drl cricr.i alrh < 60 m,
(.rt.r t..rt6. rs72l

!&. r?1., Et.lr.d 9r.ph or th. -Ent ol
L.a. .lz.tt tl.n El.!..d tn told-
||ntrl n.glon ln .rrtng -..a.

q. Nd.r ol r.clptuElt al.h t.
Inittclt.a In p.t.nth6{. ohlt lor 6rd.
ol ft!. th.n .n. l l .$.
lrft& trEr., 1972)

The figures illustlateal in this
way indicate the following : l) the lar.ge-sized fish (nostly adults)
migrate southward in the Tohoku (north of Cape Nojina) and Tokal-Nankai
( south of Cape Nojlna) regions in the winter-spling season atld riigrate
nolthwald in the sunmer-autumn seasoni 2) the smal"l-siz€d young f,ish
show north-south nigration within the Tohoku Region but ptesent rD
evidence of movelrent within the Tokai-Nankai Regi.on or between those
t\ro legionsi 3).the southirard migriatj-on of th6 large-sized fish in
the Tokai-Nankai Region seaned to have occur€al about one rnonth earlier
in 1964 than 1965, sugqesting a yearly variatioh in tining of nlgration.
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According !o the resul,ts of above-
nentioned analysis of data from the tagging experiments, yeJ,lo\4{ail has
been recoganized as one of the fish speci€s which mig.ate over great
distances and in large-sized schools.

A recent study on tagging expelinents
of yellowtail in the ;rapan Sea, sho\red that there was a repeated seasonal
nlgration over large distances (watanale, 1979). The fish nigrated
northward ln spring and sunrmer, and south!,,ard in autuBm anal winter.
With the higher year classes the migrational range widened rapidty
( F i g -  1 8 ) .

F i g .  1 a Migration of taqged yellowtail (after Waranaie, 1979)

A: Tvo-year. and three-yeai. class of tagged
ye]lor.rtail along the lrest coast of Ogaf Japan.

B: Three-year class f ish al"ong Oqa coast and
four-year class f ish along Hokkaido coast.

l1 ]rrrl!+lr!!!l:
lLirlll:Itl1l !! .! r!!a



we can also calculate the speed of
nrovement of taggeal fish on the basis of reliable lnformation about the
distance and the nuniber of days after release.

Furthermore, aleveloping of a
nigration nodel anal population dlatanics of large-sizeil yelLowtai] an
the Pacific ocean a1on9 the Japanese coast infer.real fron tagging
experimentsr produced estinates of the fishing r.ate, transfer tate
and the rate of disappearance of this fish (Eanaka, 1979) .

If we wish to conduct experiments
with juveni.le (snall-sized) fish, marking techniques with color stains
(neutral  red, br i l l iant and Ni le blue sulphate etc.) ,  or vr i th chenical
elements such as Europirnnl are also availa.ble. Howevet, such techniques
are complex, require supervision by highly skilleal personnel anal use
of expensive equignent (such as the radioactive elehent tracert and
are therefore unsuitable for use in the Southeast Asian R€gioh.

- 3 1  -

3.2 shr imps

In a particular case of shximp tagging experiments, Garcia
and I,e Reste {1981) pointed out the two main difficulties:

r) the snall size of shrinps and their consequent frailty;

the moulting process. Any alisturbance in this process
can produce growlh irregularities or. increased nortality.

3.2.1 How to col lect l ive specinens

2 )

In carring out this operation, the maximum precautions
must be taken to avoid damaging the shrinips. Use of the trawl should
preferably be avoideal when possible, particularly in estuaries, wher:e
stake nets or ttaps are better. If tra$rling is unavoidable, it should
be carr ied out in short  hauls (10-15 ininutes for example).

The procealure of holding the specimens in a ftoatinq
pen for several days before tagging is n€ar1y the sane as for fish.
However, the problens of maintenance of tive slEimps :nay axise if the
safinity of the surface-water. in a floating pen is very differ.ent fron
that near the bottom of the sea, $/here shrinps live.

The temperatute should also be tnonitoled, it nay
sonetines be necessary to stop tagging durinq the hot houts of the day,
especial ly in tropical  regions-

t This is a radioactive elenent qrhich enters into the bodv of fislr
together: $?ith food.
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3.2.2 l|arking neth(ds anil equiFent

In his pape! entltleil rra levi€xr of, cftstaoean narking
metltods wLth partLcular reference to P€naeid shrLnpr', !'a!rna! (1981)
categolLzeal the nalklng methoalg as followa!

I) uutilattonr Taif cltpping, E]€stalk ablation

2) Vital Etainlng (Etalns: neutlal red. llrypan
blue ard Nile blue EulFhate 6t6.) by! fu6e!6lon,
feeding, o! injection 

,.r,.,

3) spraying (granuLar fluorescent pigmer|t! ultra-violet]

4) Tattoolng (vase1lne-plgnent: slaturn Yellow,
Blaze Orange, Arc YeLLoe, Neon Redl etc.)

5) Iab€lling (vitl radlonuclides)

6) Taggingr a) extelnal tags {Petelsen ili€c tags,
Atklns tags, anolbr tags, tube tags,
vinyl streamer tags. sutute tags,
calaPac€ tags, aonio tags)

b) Intelna1 tags (netal tags, PVC tags,.

- Each of the above lEthotls was d€velop€d with a
partlcula! purpose ln nind aril, therefore, rre shoula select the. one
,hich best suita our neetls. In a1l cases, the use of an anaeathetic
might be adviseble to reduce activity of shriirE)s aluring narking.

ltutilation nethod by tail clipping i6 a sinplifieil
methoal of short-telD narklng of oq,eritnental shlibps. Th€ nalk is not
easily aletected aluling casual exanination anal tholefole fishenEn
cannot be relied upon to r€polt the recaptuled spedj$ens.



Intla-ludcular inJ€ction of vital. gtains

For this rnarking methoil vlta1 star.n6 Euch as Trl.pai
blue, NiLe blue 6ulphate ard fa6t green FcF are ue6tl.

The stanalalal equipment consj.sts of 0.5 o! I cc
tuberculln syringes with very small hypodend.c needl,e€, An auto[ratlc
sylinge is sborrn in Fig. 19.

Fig. 19 Autc'natic injection systen (frorn Neal, L969, FAO)
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The filtereal staining solution is injected late:ially
through the aritlcular meniblane, betneen the fifth and sir.th (or third
and forth) abdoninal seqnent.

shrtups of less than 60 nm in total leDqth can be
injecteal through the first abdominal segment lsee Fig. 2O-@)

Fig. 20 Different ttrpes of internal rnarks: O injected
stain, @ internal vinyl tag, and O f,Iuorescent
dye, (after Carcia and Reste, 1981.)

The stain injected into the vascular system through
the dorsal a.bdoninal artery settles in the gills wh€r€ it can pelsist
for several weeks^. The natural colouring of shrlmp either b6fole or
after death nust be consideled in the choice of stai[s, as red, blue
and green are palt of the natula1 coloration of one or nore species.

A dravrback of this teclhique, however, is in the risk
of rapid fading of the cofour \rhich can prduce an artificial leiluction
in the recovery by fishermen.

r carcia and Reste (1981) reported
marks have been recaptureal af ter
lO nonths (Trypan Blue) .

that shr imps calrying st iLl  v is ible
6 mohths (!,ast creen FcF) and
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The tag is attached to a sewing needle and aluring
tagging the neealle is inserted ttEough the articular menbrane betlreen
the first and second a.bdominal seqnents, (rig. 21)

Spraying by granular fluorescent piqment

A f luorescent pigrnent (dye),  sudh as Ultra-violet  can
be used for marking. This can be acconplished as using a fluorescent
product dissolved in paraff in oi l .  (K1ina, 1965).  The dye has slr .ong
persistence (see Fiq, 20-3) but requires the use of Ultra-violet  f . ight
and the personal supervision by a scientist for det€ction. Therefore,
j.t aloes not seen suitable for practical use in the Southeast Asian

Tattooing by vaseline-pignent narks are also not easily
aletecteal by inexperienced, persons .and therefore have to be used in
conjunction with other. malking nethds if sbfilnps are to be returned by
fishernan.

labellinq method usinq radionuclides

Vinyl streaner tag has been developed very lecently
by Maxullo et al,, 1L976) in conjuction with the FIoy Tag and
Manufacturing Inc., USA.

Requires close supervision by highly ski l led personnel.
This method is potentiatly dangerous to the envirorhent ard should not
be used for shrimp population studies.

!,todified design of
end hooked thrdugh
(black vinyl)  {A)
(B) (after Farmer,

streamer tag lvith the rorrnded
the eye of the needl-e
and tag in position on shrirnP
1 9 8 1 ) .



This streaner tag is Light and f1exlble, therefore,
shrjrI)s can be taggeal easily anal rapidly. Several experinents have
irdicated that this type of taq used with lalge shlitrE) having a total
length betlreen a0 atld 100 rfi causes negliglble rlortality. Antl tagged
individuals regain equilibriun and alo not appea! to have any diffidrlty
in swimniDg or bulrolring.

Petersen alisc tag is available f,o! shriq), butrthis
tag ls not really suitable for snaller individuat s or species of shrinp
since it causes serious physical injury to the aninat. Aagging
nortality can be unacceptably high and tagging wounds nay leail to

Atkins tag {Fig. 22) conslsts of a nylon thlead passing
ti.rough the first abdoninal. seqnent of the shrLnp fr<rm sj.d€ to side tied
in a Loop and carrying a coloureal and nunibereal plastic alisc (RueUo, 1977)

Fig, 22 Atkins tag attached to shrinp (after carcia and
Reste, 198I) ,

Tadd ihd  ie  . i r r ied  ou t  w i th  the
has haal a cut nade in the side of the eye.

The roain advantage of this typ€
that there is llo physical injury to the shriup.
are probably lost dul jng rholt lng.

aid of a neeille which

of Atkins tag is
However, some tags



of a tagging qun
nusculature. As
smaller shrimps,

Anchor tags (Fig.
which results in
a result  tagging
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23) are generally applied by means
severe injury to the abdoninal
nortality rs high, par:Cicularly among

Fig. 2l  Anchor Eag (afLer Farner,  t98t)

It is probable that anchor tags affect the growth of
the shrimps and in view of the high tagging nortality observed when
using this method, the use of anchor tags shoultt be discouraged. They
rnay however be used in stualying migration routes.

The choice of a tag is crllclal to nany aspects of
tagging experiments for shriq)s since they molt regularly and some tags
are lost durinq noftinq.

In order: to avoid the above-mentioned disadvantage,
Rodriguez (1976) used rectangular brass tags for shr imps (Fig. 24) wit j
the following precautionsr I) at the tine of tagging, the spawner.
must not be soft-shelled or moftingr 2) the actual tagging must be
done at all tines in the water. Raising the shrimp to the surface
causes undue stressr 3) the spa!.rner must be held firmly, but not so
tightfy as to cause undue pressure, 4) after tagSing, keep the shrinps
in fiberglass tanks for six hours for observation before stocking then
in cages and pens.

Rodriguez concluded that the eyestalk taqging method
was suitable for shrinps because a taq can be attached without causing
injury and has no effect on th; rate of growth, maturlty, moltinq and
other behavior of the shr:imp. In addition, it is easily identifiable
and remains in place throughout the animalrs l i fe.
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Eig. 24 A shrimp with tagged eyestal.k (after
Rodrignrez, 1976).  Brass tags neasuring
5 x 20 tlnn and nu bered consecutively
encircle the eyestalk like a shall
bracelet.

No method of marking shrimp at pres€[t meets al]. the
cliteria of tagging experiments. It is therefole n€cessary to select
one of the existing netshotls foy each particular study. Fo; this
pu4)ose the basic types of shriry) rnarking nethoals ar€ 1isted ln Table 6
together lrith details of their specific limitations.

I'rorn Tabfe 6, it nay be concluded that no one single
marking nethod rrill be ideal for both juvenile ar|d adult shrinq).
the f,luorescent pigment in petroteun jelly may be the bost succesgfu]
for $nal1 shrimp, whilst the Floy stleaner tag and brass tag nay be
nore suitable for large shrimp. It is \rnfortunate that flurescent
pigment nalking is unlikely to be detecteal by fishennen anit therefore
sampling of juvenile shrimp on the nulsery grounds wj.l1 have to be
conducted using traineal fisheries staff. Brass tags may have the
same problell. Itris contrasts with the rnore than adequate retulns of
FIoy streaner tags on atlult shrinps fron fishernen.

In vievr of the resutts of these tag evatualion studies
it j.s considereal that the selection of a tag type for a particular
experiment should depenal largely on the size of shtinp to be tagged.
For snall shrinp ranging flon 15 to 30 nm carapace length, the Atl(i-ns
tag has been shown to be effect ive (Ruel lo,  L970. 1975, I97?).  However,
for tagging farger mature shrimp (ovet 30 mn in carapace length) which
are not easily lestlained without causing injuries through cruEhlngr
the faster appu.ed toggle, strearner, or even petersen disc tags are
generally considered more useful (penn. 19Sll .
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3.2.3 Rel-easing the tagged shrimp

This is one of the delicate steps in a shrj-np tagging
operation, because predation dur.inq the refease can b€ an inportant
cause of aaldltional nor.tality. They should be leleased vely near the
bottom. For the actual return to the \tater, for etarnple, a specj.aL
cage may be useful lrhich opens at the bottom by a "messenger" refeaseal
from the surface, or an inexpensive pfastic cotltaiher (Fig. 25) h'hich
opens sinply by pult inq a rope (Gar.cia,  1973).

a - g!sg!

Eig. 25 Sinple systern for releasing shrirnps at the bottorn in
sha11o!, waters. The cage descends freely, a PuIl on

ir when the bottoh is reached
(frorn Garcia, 1973) ,

In a decision on the refease area, Physical  anal
chemical factors (temperature, salinity, dissolved exygen, turbulence,
etc.) must be considered very carefully, because these factors nay
affect substanti.il nunbers of released shrimp if they fluctuat€ beyonal
the tolerance limits of the shrimp.



3.2.4 Noteuorthy points for data analyses

Since the recovery of tags dependls on reports by
fishermen, such plelininary activities as disserination of infornation
through posters indicating clearly the type of mark used, its position,
the return aalalress and the r.eward offereal are vitally ilnportant, Even
vrhen a successfuL lecaptuie is obtained, there are still a nunber of
factors that can infLuence esti$ates nade from natk-recaptlrre data.

3 . 2 . 4 . 1  B i a s e s

Under practical considelatlohs, Ricker (1958)
repolteal three kinds of biases which he referred to as It|tr)e A, B and C
biases (reviewed froin Jones, 1981, carcia and Reste, l98I) .

Ricker 's type A bias

When dealing with a single taggi.ng. experiment
by the regression melhcxi, type A bias will tenal to influence the
intercept of the leglession line but not neeessaril.y its slope
(Fig. 26-A). In this situation the slope of the regression is valid
but the interacept tends to be too small. Thele ale tvg main causes
of thls kind of error. Eirst, if there is any hortali.ty at the time
of tagging then the nunber of effectlvely libelated shlirl{)s $iL1 be
srnaller than expected. The resutt ls that the nunbe! of live tagged
shrimp is reduced ploportionately throughout the whole of their life
span. Ihe effect is to xeduce the lntercept without necessarily
affecting the slope of the regression. secondly, if thele is inconpfete
repolting of tags then a simila! effect lrill be ploduoed. If, as a
filst approxjration, it is assumeal lhat during any recapture perioal a
fixed proportion of the tags are reporteil, the effect will influence
lhe lntercept but not necessarily the slope of th€ regression line.

' Because type A errol influences the intercept,
its effect is to bias estirnates of the fishing tnortallty rate (F) .
If the initial nortali.ty or the deqlee of inconplete reporting of tags
can be alloweal for independently, it shoulal be possible to apply a
colrection factor to alloi.' for this kird of erro:..



F is .26 A ! Rickerrs type A biasr B: Rickorls t)ltr)e B bLas
(frorn Jones, l98l  )  .

Ricker, s type B bias

this incluales tlose whlch influence the slope
of the regression line but not necessarlty th€ lntercept (!.ig. 26-8).
Ittere are two cases of this kind of error : 1) tlDe B er!o! occuts if
the nloltality rate of taggeil shrirp, subsequent to ttE moment of tagglng,
is greater'than that of untagged shrins) for the renainiler of their llves.
If thls occuls, estitnates of the total nortallty late will. terd to be
overestinated by a1l nethods, 2) thls elror also occurs if there are
both a continuous loss of tags friolr tagged tndlviduals a.ild a continuous
rligration out of the fishing areas throughout the $trole of the e:q)erlnent ^
In both situatlons the slope of the legression wtfl tend to be too great
but the intercepts need not necessaril-y be influ€nced.

( 8 )
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With t)'pe B erlor the estinate of total
mortality rate (z) lrill be biased but the estimate of F need not
necessarify be invalid. Those errors, ho\,jever, are difficult to aletect
and even nore to quantify and correct. rt is fo! this reason that
tagging generalty is consialereal to a1lolr a value for z to be obtained
which can be broken do['n into F + X \rhere x repr€sents a "conposite"
nortality integrating tag losses, nigration, tagginq mortality a.nd
natural mortality M (Table 7). In addition, the conibination of F
values found by tagginq with the z value found, for example, by anaLysis
of the age alistributions allows a better value for M to be determined
(carcia anal Reste, 198I).

Table 7, Weekly insta'ntaneous mortality rates for P, plebejus i.n
Moreton Bay fron Lucas (1974) ,  Soners (pers. conn.),  and
for P, LatisuLcatus in cockburn sound, from Petn (1976) ,

*

0.448

0 r6t
0  t 7 2 '

0056

0.032
00i t i

0 | ] 1
0 t29"

0 392

0.55
0 5 4

0.4t
0.4!

0 . t 0
0 t l

o  042b
0027b

0.009b
0.0t20
o.0 l tb

0.0llb
0.015b

6 %

4 %

'A l lo r i t rs  lo r  rn  l t r i t i ! l t ! s  kss  o l2J  %

bAl lowins  to r .n  i r i l i d l  t rS  loss  o l20  %
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The filst tl.pe of eiror is of little lntr)ortance
when rnaq' tagged shrilnps are still caught after a single or several
biased intervaLs ,

Rickerrs tlpe C bias

Thls affects both Z and F. In this group ale
included those biases that na1(e recaptures \rnusable in the irdtlal
perioal, and those arising from the difference in vulnelabllity between
nalked antl urnalkeal shrinps because of : I) modification ln behavlour
of taggeal shrinE)s caused by the tags which affect the catchabillty
at the beginnlng of the recapture perioil , and 2) differential allstribu-
tion of tagged and untagged shrinps assoclated lrith a non-randon alistxi-
bulion of fishing effort ln the first tine intervals.

The problem of the diffelential distlibution
of tagged and untaggeal i.ndividuats is extremely important and tagging
mu6t be carefully planned to avoid this difficulty. Ihe sinplest i'ay
i3 to grid the whole distribution area anal to tag each statlon, or if
Chey are too numerous, a constant proportion of them.

The recapture rate is somewhat proportional
to the size of taqged shrinps and many authors have noteil that the
percentage of lecapture is tess in snall-sized shJ.imps (Fig. 27)

I

Recapture rate as a
nonth following the
unshaded = taqged

funct ion of s ize during the f i rst
taggins ( from Garcia, 1975) .

chil{a,l = r6^:h+,!r6/{



3.2.4,2 crout}]

considering che difficulty of ahalyzing size
diEtributlon of shrinps, tagging seens to be a funilanental technrque
for analyzlng growth and its seasonal valiations, ln spite of the technical
difficulty of taggiog operation for shlir[) and its effect o!! m6tabofisn
(trlolting etc.). since growti is closeLy related to envii.onrnental
conalitions, j.t is extremely important to determine the donconitant
hydroclimatlc conalitions to make it possible to compare results from
one reglon wlth another.

- 5 1  -

To use Von Bertalanffy equation. which is
length, it should be converteal to an equation

the following way:

W t  -  W -  ( I  -  e  " _  - o ' ) "

originaUy e)<plessed
q<pl.essed in weight IN

the use of this type of curve neans that gro\r'th is treated as a
continuous function. Because of noltj.ng it vrould be nore advisable to
rx,e stepwise function, especially in tlopical regions wher€ short-term
stetrMlse nolting occurs, It would therefore b€ very fruitful to
demonstlate the bias lesulting fron the use of the Von Bertalanffy
curve by c@parison with a stepwise sim.rlated glowth hodel. The
estinates of glo$th palarneters baseal on the landings of connErclalLy
graded size categories of shrimp should also be erq)Loyed.

3.2.4.3 Mortal i ty

Although mortafitsy ilue to the tagging operation
and to the plesence of a lag is the greatest problem of this research
technique, such nortality is !.ery difficult to flernonstlate clearly, and
even more to quantify, b€cause the nullibers tagged are always ridiculously
snall conpared to the large nunbers in lhe population.

It is obvious that such mortality depends on
the conalitions prevailinq during the taggiDg opelation. It !,,ou1d there-
fore be very fruitful during tagging expelinents !o also atternp to
ialentify possible bias by inalirect nethod: conparison of results obtaineal
with alifferent batches, for alifferent sexes and in different seasons with
several tlrpes of tags (see Table 7).
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For the analysis of the alata, it ls probable
that the recaptures obtained beyonal the first 30 days after tagging vitl.
glve the least biaseal result, for mortality as vel"1 as for the grc'\rth
e stirations -

On of the lrays to solve the above-nentioned
difficulties in anatyzing mortality nay be the hethoil of cofiibination
of tagging, catch ard effort data, proposed by Ketchen (l_953) (Fig. 28).

cuEuletlv. cstch

F i g . 2 A Principles of the Ketchen's nEthod (fron Ricke!, 1975)

F  .  F i . h i n d  D ^ r + , 1 i + v

y: rate of enigraeion

z : rate of inmigration

f  .  f i . h i n d  a f f ^ +

r number of initially tagged individuals

! initial natural population

: catchability coefficient (equivalent of slope)

N

fisbio:
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3.3 Cephalopods

the cephalopod lesources includes the following three groups I
octopus, squials and cuttlefishes.

As regards the Southeast Asian fishely fesources, hot/vever,
squlas Qoligo spp.) and cutttefishes lsepid sEp.l are qrdte iq)ortant
comercial"ly because they are prealoninantly shallolr water (nelitic)
anj.mals living between the shole and the edge of the continental ,shelf
and uppex slope ].n the Gulf, where it is assumed that there are good
fishing grounds.

In the case of squids and cuttlefish€s, tagglng technlque
Itgelf is not as difftcult as for shrlftps, and ig is $rite easy to
obtain live specinEns.

3.3.1 Method of col lect ing l ive speoimens

Although in Thailand the best catch is obtained
by trardls (Table 8), to nini$ize danage to specinens, the use of tranL
shoulal be avoideal. Anqling (autonatic rnachine flshing) is now the most
connpn method in Japan. Ho$ever, this gear is not as popuLar as the
cast-net or the stake trap in Thailand, therefole a nodlfied stick-heId
dip-net {cast-net style) seens to be the most suitable gear for
collecting farge nudbers of specimens. Even itith tlls gea.r it 1s
necessary to take great care to avoid danaging the squids.

Table 8. Catch by tl4)e of fishing method in lhailand (in netric tons)
(after voss, I973) .

sp€ol€! r6af rorsr ig;i i::;
948

1 055
6t2

1969
19lO
1911

20 818
2t 41'
23 259

7 9t4
to  15?
1 l  1 5 0

r 1  1?4
7  ?18
I 149

t19
2 398

608

l8l
t05
520

l 166
3 otl
3 809

6 ast
I 246
9  161

1959
1970
1911

1o 4 r t
r1 125
13 232

It

3 l

1 0 8
41

2lr
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I'he procedule of holding the sp€citrEns ln a floatlng
pen for sevelal day6 befole tagging 16 nealLy tlts srfie as it! the dase
of f ish.

3.3.2 Tagglng equipftEnt and the nethoal of attachihg tags

squtds can be taggeil by attaching eratemaf tags to
the nalltle. Palk and Llm (1975) for exarnple, used an arrow tag (strapped
ti'pe) for the ocearrlc squid tagging (Eig. 29).

Elg. 29 Arrc'w tag for squid anal tag in position
(realrawr flon Park and l,in, ]967).

h tagging e)<perinents for th€ cormron sqnLd, lad@odeo
paclflous in the seas a::ound ilaparl, anclrcr tag6, Atkins tags ald Etrap
tags have been useal comnonly (Fig. 30).

l,lhen attachlng a tag; naxilnun precautLons nust be
taken to avoid the secolalart' effect of tagging as welL as the Loss of
tig. A taq in position, for exanple, is one of the serlous factols
affecting the srinftlng abilities of squials. It 1s true that when the
tag is Dot lre11 placed there is a perceptible lnbalande in the swlnning
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@,O g'4m')

(  B )

@ -@(@ ( D )

The sanple size of releaseal specimens varies alepenau-ng
on the purpose of experirnent, but usually 1,000-3,000 tagged squtd
are useal in an experiment.

t JAFr  { l

@2545 (--E-;

(c)

Fig. 30 Ancho! tag (A), Atkins tags {B) and stlap tags
(c) for squids, and Atkins taga in position on
the cotrmorl gqvia ' fodatodes paei,ficuB lD).

!'ron this vieq)oint, it is advisable to plaoe the
tag in the latter dorsal edge of the malrtLe part (see Fig. 30-D) ,
especially in sna11-sized specimens.

3.3. 3 Release

The process of releasing the tagged squids is not as
alelicate as in the case of.shrirFs, but they shoulal be released neax
a cape or in the open sea nea! a small islanil, because of therr lalge1y
migratory behavior.



3.3.4 Recaptuie

The coEmon sqaia' Iodd.?ode6 pecificus, is a very
i4)oltant fishery resource in Japan, and therefore nany taggi[g
a<perihents have b€en conducted tepeatedly ln the last 30 years.
Thlough those tagging experlnents, lt vras revealed that the comnon squiil
was distlibuteal in three distinct populations (local groups) or "stocks",
i.e. sr$urer-born group, auturnn-born group and winter-born group, ln
both the Paciflc ocean and the ,f,apan sea. Table 9 surnmarizes the
leporteal recapture rate of the tagged connon squids in the seas arounal
itapan.

The recaptu.e lates (0.5-7.0 p6r cent with the average
of. 2.2 pet cent) seern not to be so good, with sone exceptions.
Sorne factors that nay. operate to reduce the lecapture rate are:
I) faifure to atetect or report tagged sguids due to their nigratory
behavlor (Rickerts ttltr)e A anil B biases) ' 2) initiaf tagging nFrtality
ln conjunction with modification in behavj,or of taEgeal squids or loss
of tags at a constant rate (Rlckerrs type A{ biases).

Table 9, however, suggests that the recapture rate
nay be enhanced by using yellop,/red coLored arnchor tags or strap tags.

?able 9 Some examples of recapture rate of the taggeal corulon squid in

the seas araounal JaPan.

ara tmi  e t  dz . l r953)

t9so-1957 rhor. dea 32,100 t.ll ltntdi ,t at. (r9sB)

1950-1960 sdthcat r7,30o 2.9a He.!e (f,96s)

1965-1969 6 !,sui et dZ, {19?2)

lr55-rr5, : off.L.. 611200 o.{5 st.ap x€anda E lto {re?2)
a An.ho!

1979 B otrrrt-. le,3oo 4.s7 ln.)Dr khin.lra ,t 4t, (l,eso)

Ysui ar az. (f9r2)

rtrdrs rasui e, at. (1972)

Y:sut e, ar. (19?21
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Fignrre 3l shows an exarq)le of squid taqginq with decails
of el"ap6ed tlne between release and lecaPtlrre. Thls expeliment r'as
c6nducteal in the Japan sea flcal May to October 1979'

This fi$rre suggests: 1) the nunber of reoaPtureal squial
is the largest slthin the first ten days after release (36.51) antl
decreases atr@st exFnentially as the alays elaps6al increase' 2) the
recaptule !*rich is concentrated in a short-tenr Peliotl n€ans that the
6quid populatlon has a tenalency to stay t|athel a long tjie in the areas
arountl the releasing site.

5

:

I

FLg, 3l Days elapsed frqn lagglng to reoapture and bunber of
recaptured squid in the ilapan Sea, flc't0 May to Odtober 19?9
(after Machinaka et ql., I9AO).

N : Nuniber of released squid
n : Nuniber of recaptured squid
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3.3.5 Data analysis

3.3.5.1 Distr ibut ion and nigrat ion

Tagging is a basic nethod for analyzitrg
alistllbution and seasorlal nlgration of squid population, in spite of
rather fo'e/ recapture rates.

o :  Posit ion of release

N : Nunber of released squid
n : Nuniber of recaptureal squid

By connecting the release poiDt to the
lecaptrre point $rlth a straight line, it was r.evealed that the possibl-e
direction of the cormon squid migration was likeIy to change with the
seasons. It was mainly northward in June, nolth to south-eastward in
July anal west tso south-westwaral after August (Fig. 32-A, B, C). Thus
the squials have been recognizeal as one of the species which has a
regular seasonal nigration.

Fig. 32 The niqration route of tagged squid releaseal in each
site of the Japan sea (after Machinala el  aL,,  19AA),

B r  J u l y



3,3.5.2 Some paraneters in the altmaildcs of squid
Eoputation

If sufficient data are available frorn the
tagging experiments, we can estirate sonre paraneters in the dynamics of

Foi exarnpLe, based on the results of squid
tagging e)q)erlnencs, Machlnaka et aL,t llga1) oalried out estihates for
z, F, u and E values b!' using the methcds proposed by Bevelton and llolt
(1954) and TarEka (1966) (Fig. 33, Table 10) . These can be srrrlularizeal
as foLlcirs: t) both methods provided n€ar1y the saI€ values for the
palarneters such as the total nFrtality coefficient (Z), fishing nortality
coefficient (F) . rnortality coefficient other than fishing (ld, 2) according
to Tanakar s nethod applied to the total of released squiils, z $ras
est inated to be 0"443l l0 alays, P was 0.O21,/ IO days, and M was 0.422l1O
days ' respectively.

E

Days elapsed (ten days intervals)

Relationship between the days
elapseal untll recapture (i - 1)
anal the nuiber of r.ecaptured
squid (nr )  in the tagging
experinefits ln the Japan sea,
ln 1979
(after Machinaka et aL.' I98Ol .

\ * ^ - '

F i g . 3 3



Table fO Results of estinated palarneters in th€ dlloarlics of squid
popufation (after lrachinaka et aL,, I9AO).

These estjmations wele applied to the r€thods of Beverton
and Eolt  ( f954),  and Tanaka (1966).

BEVERTON AND floLT,s methoat

TANAKAT s nethod

lwd4! aaF erQ.€d ;

z { P + r i - ( v [ ) x r o

.- h,/so) r lF + )

VOlues of Daraneters Z,'F;l I and E eere calculated in 10 alavs intervats.
Natural nortality coeffidient fvl invofves a]l other factors ;xcept F.

1-43 29 5.31-10.2 !

rb.of r.I..$d .qu1d

!c,of !.ca!tu!ed .quld 20r

D.yE .r!!..d

3 t - 4 0

4 r - 5 0

54

4l

150

I0t

2

5

3

' ,

3

3

5

I

Totar rcltlrityi? (f + H)

N!tu!a1 nortallll ' !

Otn.Flo.s coerficie!c



The obtained values seen reasonabLe, holr€ver,
!t is supposeal to be too large while F is too snall. irl viel. of the
present state of the squid fisheries along with the size of the
speclmens considereal. Therefore, further r,eork is needed, in order to
glve more acceptable vafues for these parametors,

- 6 f -

i) AfI the tagged fish should be leleased together at the
same time. It is also inporlant to know vrhen each fish
is recovered,

A ta99in9 aeeriment should always be designed with a spedific
objective in mlnd. If the objective 1s to investigate large-scale
mlgration such as in the cases of tarqe-sized mackerel, yeLlontail,
tuna and squid, it is inportant that the rnethod of lecovely ls one
1ike1y to provide reliable infornation on the posltlon. A good choice
ltould be an attractively colored external tag, easlly detecteal at
the t jre of lecapture"

CONqLUSION

For investlgaling tnortality there are two liberation procedures:

ii) An altelnative procedrue is to
in groups at fixed intervals,
tagged anirals are releasd at
be sufficient to know in which

release tagged indlviduals
For exatnple, if $ioups of
arurual intervals, it rnay
year a fish is recaptured.

Both tnethods require records of the fishing effort on the recaptures
in each period, preferably broken dob'n by areas,

A nunber of factors can bias mortality estinates based on tagging
6r(perjrents. h particula!, there ls tikely to be soiE additional
nortality of tagged fish, either initially or subsequently, alue to
the presence of the tag on the fish. Loss of tagsr non-reporting
of tags' enigration of tagged individuafs away fron the lecaptule area,
can also bias the results. These factors all l€ad to over€stimates
of the lbrtality rate of the untagged individuals.

For estimating population size, it is inportant that the distribu-
tion of tagged and untagged individuals be the same. If tagged
individuals arq lilcerated together, they should be given time to
disperse and lnix L'ith the whole untagged population before ta.king
account of any recaptures. In a situation where the recovery of tags
alepends on reporbing by fishernen, however, it may be bGtter to
Llberate the fish in snall batches over the lthole area occupj.ed by
the untagged population.
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