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SUMMARY

The abgence of widsspread commercial surface Tisheries for twas in the Indian Ocean
mekes assesgment of potential resources very speculative, Descripiions of verious methods
of tuna fishing end the circumgtances wnder which they operate effectively in other parts of
the World Ocean offer a starting point for reasoning oubt what areas of the Indian Ocesn might
yield various tunas and tuwna=like species 4o the various kinds of effort. The eavailable
oceanographic dats have been mummarized on a monthly basis to show the gross features con-
ducive o surface fishing suvccess on o regional basis. Local features such as those
influenced by islands, shoals, etc., which have proven to be fruitful in other oceans do noi
appear in these summary data, but are explained as enaloguer small-scale processes relating
to the grossger scale Teatures., MNonthly charis of overapge environmental conditions velating
to the successful hsrvest of tuwnas and tuna=like fishes are provided for use in fishery
development, planning and harvest sitrategies.
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To INTRODUCTION

The tuna fisheries in the Indian Ocean ave little developed in comparison with those
of the other Oceans. With the exception of longline fishing there ig little twma fighing
activity in the Indian Ocean, One obsitacle to development ip the absence of clear guidance
of information on where the most promising aress might be, This discussion has been pre=
pared to provide some preliminary guidance, It has been divided into three sections, a brief
dipcuesion of the biological factors which define thelr environmmental requirements; a short
discussion of effective fishing gears and how their success is deitermined by the environmene
tal factorsy and in the concluding section there arve monthly maps of the averaged available
oceanographic information which should help in both design and interpretation of exploratory
fighing veniures for oceanic twas in the Indian QOcean,

Briefly, there ore three wide ranging Thunnus species of commercial interesi in the
(northern) Indian Ocean, To albacares, T. obesus and Te alalunga, the yellowfin, bigeye and
albacore, The skipjack twmas (Kat@uwonug palemis) is the fourth and potentially the most
abundant of the tuna=like spscies which are known 4o occcur in commercial quantities in the
Indian Ocean.  Another species; T. tonggol, the longiteil tuna is locally distributed in
the neritic (coastal shelf) zones  of the Indian Ocean but little information is available
on its commercial potential, There are presently no svailable relisble sssessments of
potential yield by all catching methods combined for any of these spscies due o the llmlied
distribution of efforu in any areap except the oceanic longline grounds.

In the Toremseable future it does not appear that any methods will be available for
predicting sither abundance or the absolute whersabouts of tunas within their ranges or
habitais. The problems in these two areas relate to the complex behaviour and physiological
properties which have evolved in this wique group of fishes. Their occurrence in the ocean
ig bounded only by low temperatures (about 150C for the true Hropical tunag) and low oxygen
levels pince they are obliged to swim continuously and this requires finite oxygen availe
abilityo

Over the past decade there have heen numerous studies of the apparent thermal and
oxygen limitations on the distribution of twnas and tuna=like species, Mmong the many vare
iables determining the behaviour and distribution of each species the most importent are
gize and developmental stage. Juvenile skipjack and albacore both appear to migrate more
extensively than the adults, (Among temperate bluefin twnas this may not be the case).
Tunag are more dense then sea water and are obliged to swim continuously to maintain their
position in the water column, The larger tunas develop morphologically and physiologically
so that their obligatory swimming speed is often lower than that of the juveniles., Thisg is
accomplished by development and increase in volume of the gas bladder or growth of the
pectoral fins depending on the spscies. The excepition to this is the skipjack whose gas
bladder does not develop with maturity, so that its metabolic requirements steadily increase
with size because the obligatory swinmming speed increases with size. (The%e are not trivial
effects as the respivation rate is related as a cubic function of the swimming speed). A
respiration model based on laboratory expsriments on skipjack swimming and respiration rela=
tions was developaed and generalized to include other commercial twas from %0 to 75 cm in
length, The larger individusle of the Thunnue species can be assumed vo tolerate lower
levels of oxygen due to their reduced obligatory asctivity levels. During feeding or chase,
however, they are known to exhibit remarkeble activity levels which certainly result in high
oxygen demands which must be met or the fish die,

The second process which increases respirsiion rate in fishes; independent of swimming
activity, is temperature, Tunas are warm bodied relative to the water they swim in end may
have solved some of this temperature depsndence problem by thermoregulation., The smaller
twnas have limited thermoregulatory capabilities and hence are more subject to thermal con—
ditionse The interesting point is that the distributlon of lower common occurrences of small
tunas (35-55 cm) for each epecies may be uged as en estimate of the lower "preference®
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pure of the egpsciese The tropical tunas (yellowfin end skipjack) apparenily encounter
ppar bemperature 1uun§;@ given adequate oxygen supply. The bigeye and albacore appeay

%0 bs sensitive to high, tropical tempevatures, This is obaserved in the distribution of .

common ecourrence bempsretures which limily the equatorial distribution of surface catches in

these specles, or from informetion on depith and temperature of capiure from longline fisheries

The followlng teble ig provided as en emtimate of these bouwndary conditions for the four

et ok s es @ e X
8D Joct 8pacite 10 minute tolerance

0o limitation for emall
fish (50 to 75 cm long)

Common name

Ko pelemis skip jeck tune 20° to 320C 205 or 3,0 ml/Y,
T, alboceres yelloufin twna 23°% 40 32°C 105 0 205 ml/L
o ohesus bigeye tuna 119 $o0 23°% 065 t0 160 ml/L
To alolunge albacore 15° 4o 22°C 167 %0 104 m1/L

There ave ancmplouns occurrences in waters with higher surface temperatures than those
indicaied which are ususlly essoclated with thin warm surfece leyers overlying cooler habitets
Myummtmnnﬂomﬂ%ﬁmﬁ:mmwauﬁeomﬂmMmQMleﬂmycmﬂdn%gm%mmgbm the
durations of such forays ave limited by sctivity end size. The oxygen values are estimates
for only the two sizes listedo A® previously stated the Thunnus Specl@s 8t larger glzes
should be less sensitive to oxygen levels than these more active sizes, unless higher activity
levels exe inltiaied.

Bach species hes ite own set of limitations. Within sach species there has been long-
teym sslectilon in responss to geographic conditions which result in modified capabilities
and behaviouvr of gubsets of the populations, The begt exsmples available ars the size at firs
maturity and size—age information for skipjack tuwna from the cooler Pacific Ocean regions in
contrast to the sitvation in the western tropicel Pacific. The western Pacific fishery yields
two types of skipjack twne. One is smaller at age and meturity and hes a "local® distribu=
tion in comparigon to the other (A.De Lewis, pers., comm,), This "ropical” form, as I will
term it, appavently prefers the warmest of tropical waters with s thermal structure charac—
terized by slow temperature decreases with depthe The constraints of exygen and tempergiure
on the mecond, larger and wider ranging or nomadic form are different in that these fish
appear 0 range over thousands of miles. Differences in behaviour and physiology likely
accouwnt for the two different growth and reproducstive strategies., The warmer water form has
had to trede off size and nomadism 4o maintain iteelf in the warm environe it has colonigzed.
The nomadic, larger form must find hospitable conditions. to thrive and reproduce, which it
does by longer, more extensive forays into the ocesanic unknown, which may or may not pay off.
Biologically, the payoff im reproductive succese, The nomadic, famter growing form requires
meny more calories, much more time, and a touch of good fortwe to locate its needs in the
oceanic realm, Spawning is only successful if the eggs and larvae are "placed" in a situation
conductive o thelr survivale. Thess nursery areas are not abundent, and may not be the same
location from year to year. The tropical form has adjusted its requirements to take advan=
tage of the velatively stable situation in the region it occupies.

The resson T am iterating these comparisens and gpeculations in goenario ig to intro=
duce the impoxrtant behavioural indicetors of various genetic components. Indeed; behaviour
i a falr sssay of similarity where better characters are not available.

2, WISHING MEBTHODS

Typically, aveas of hlghest cabtches from longline and surface fishing effort for tunas
are slmost mutually exclusive, This is due to the chavacteristics of the gear with respact
to the habitat end behaviour of the tunas, The distances separating high produciion areas of
thope goors can be small, Short descriptions of the different methods follow,
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Longline fishing exploits tunas by placing baited hooks at depths where large tunas
rangss  In the traditional method a 50 to 60 nautical mile array of about 1 000 hooks is set
‘o fish with the hooks hanging at depths ranging from 50 to 150 metres in the water columne
8 we will see from examinetion of typical thermal gections of the Indian Ocean, this medns
‘hat the hooks hang in temperatures ranging from 28°C down 4o about 159C near and south of
‘he equators and from 20°C Yo below 15°C near 30°C south, These placemenis yield all
“hree Thunnus epecies in varying proportions dependent upon the geason, species abundance
:nd environmental charaterisiics,

Surface gear explolts tunas, usually schools sighted at or near the surface, by either
‘rolling luresy atitracting the schools to the vessel with live bait where they are caught
mdividuslly by hook end lines or entire schools are purse seined. Bach of these methods
1e8 levels of technical skills end acquired kmowledge involved which must be evolved as a
Tlehery developee

Trolling vessels fishing albacore or tropical tunas mey use up to 16 lures attached to
he vessel from owbriggers and/or the stern, Two or three crewmen have caught over 10 tons
£ figh per day using this method, The usual catch conslideved desirable in commercial
righeries (st & minimum) is 100 fish per dey or about 1 ton of fish, The fish exploited
sy this technique renge in size from about 40 om to 85 or 90 cm,

Baitboat fishing is really {wo fisheries in one, The beitfish species are often the
iimiting factor in production from areas where baitfishing methods are usede Beit is cap=
‘iured by verious netting methods, and the live baitfish are put aboard the baitboat with cawre
no a8 b0 extend their longevity or holding qualities for as great a time period as possible. In
#ome figheries, ususlly where bait is collected in cooler water (& 269C), the bait can be
held for more than one month. In ether areas where the baitfish are taken from tropical
wgbers the expectation ranges from less than one day to weeks. These fisheries are necesg=
s2ily basged on shorter trip lengths than the fisheries with access to havdierbaitfishe Tn
tropical Tigheries, bait handling techniques can be very important to the economic viebility
of ‘the baitboat fishing methods.

Once the bait is sboard the vessels, the search fer surface schools begins. Depending
upon spacies and geographic location various methods are used to locate "fighing growmdg®,
saitfighing is rarely productiive in the deep open ocean wmless there are current boundaries,
or other oceanic features which concentrate flotsam or appropriate food for tuna schools,
Convergence mones, where two currents are directed toward one another causing a general
deepening of the mized layer, promote this process in some areas (e.ge South Pacific) and
divergence zones have similar effects in others (e.g. eastern tropical Pacific), Islands
snd shoals tend to causs the surrounding current systems 1o produce similar effects in the
tee in some cases and on the windward or frontal surface in others, dependent upon local

surrent and windstress patierns.

Tmes tend to congregate about discontinuities in the physicel characteristics. Disg-
copbinuities are measured es sharp gradients., The physical oceanographers measure temperature
ond galinity and use a combinetion of the two to define bowndaries between two currents, The
figh respond to temperature, oxygen and probably food item availabilitye. The tunas ave
relatively insensitive to salinity end the definitlions of physical oceamographers, but do
respond 4o gradients of varisbles common to boundary currents and other frontal processes,

Most bait figheriem for twnas operate in near-shore (within 20 nautical miles) areas
influenced by local current and wind field evenis, Twna schools are located visually by
searching for surface activity (eoge breezing, flashing or finning schools), or ofiten busy
birde are sought as indicatorse Ounce the bird flocks are within operating distance the pro-
cess of identifying what is atiracting them begins, This is done in the same fashion ag if
hirds were not present. The baitfish are cast out in a "chum line® and the vessel im pub
into a turn which can clear large calm arees in even slightly choppy seas, Any feseding res=
ponse from the fish school is quiekly itaken advantage of e In baitfishing situwations it ise
pogsible for any single fisherman to catoh a ton of figh in a very few minutes, The "bite"
may last for merely minutes, or hourse. OCrow size on bait vessels differs markedly from



Pishery to fishery. In the eastein Paclfic Ocean orews run from 8 o 16 on vessels ranging
in capacity from 100 to 350 tonse In the western Paciflc ekipjack fishery crews of 25 are
common, 'There ave records of oatches by baitboats in the eastern Pacific of up to 200 tons
in a single day, More typlcal cetches renge frem 3 to 30 tons per day om the fishing T
gromds. Seasgonal veriation is vemarkeble in most tune fisheries. Beitfishing can exploit
tunas renging in size from 30 om $o over 200 cme Mish larger than 75 cm usually reguire

the combined efforts of more than one men per hook, giving meaning to the termss 2 poles

3 poles and 4 pole fighing t0 describe the size of figh, IMish ave caught using artificial
wgquid® hooks, or with baited hooks. Both methods are more efficient when “harbless" hooks
are ussde

Ruming out of “ehum" or livebalt is the end of any fishing aboard these vessels, even
though literally thousands of tons of fish may be available, because the tuna schools will
ravely come within renge of the hooks wmless enticed to do so by chum,

The previous situation of frustration due to the lack of bait in areass of abundant sure
face schools gave rise to the early atiempts by purse seiners rigged for wet fish (mrdine9
anchovy, etco) to capbure tunes in the eastern Pacific, It wes soon apparent that tuna
schools were often too large, and stressed the gear too much for the usual light purse seine
nets and winches. Larger vessele with heavier handling gear and longer, deeper nets were
developesd, With the advent of the heavy "Marco" power block for winching aboard the heavier
net webbing in the early mixties ceme the purse seine revolution, The modern tune super-
seiner has a capacity of over 1 000 ions, can be at sea for over 60 days, and can figh in
fairly rigorous oceanic conditions, Catches in producitive fleets range from 9 tons per day
on the fighing grounds to recorded catches of over 400 tons per day. Entire schools are
gought and ceptured The method for location of schools is the same as for baitboats, Some
fighery developments have resulied in purse seining at night on "fireballg" or tuna schools
whope passage through the water stimulates the luminescent planlcton, outlining the schools®
presence, Other developments in tune fishing heve been the exploitation of aggregations
about Tlotmem, dead or live marine mammals; and specially devised harvdware for aggregation
of twas, Many more innovations are expected.

The ma jor characteristics of a purses seine net which makes it effective relative to the
environmental conditions, or ambient ai the time of Tishing are its depth, sinking rate and
the final configuration when pursing begins, Modern seines range in length from 600 fathoms
to nearly one mile, The design depth of fishing ig about 40 fathoms (80 metres) with some
nets being fished to nearly 100 metres, There is & diminishing return in further size
increases due 0 limits in net handling gear and the cost of webbing,

The interesting situation in purse seine fisheries is that if the net is set in the
sltuation where the floor of the tuna habitat is well above the bottom of the net upon
initiation of pursing, the catch raites appear to be higher than the smitustion vhere the
tune habitat is beyond the net design fishing depth, The catch rates in specific small
geographic areps have been studied and in an early rigorous examinasition the ocatch rates were
roughly proporiional to the habltat depth., The uwnderlying density of the local population
sets the scale on which one impomes this proportionality. PFigures 1 and 2 summarize these
studies.

The veristion in the hebitat volume is a direct fumeciion of local and larger scale
climatic processes, The combination of both bilologicel and climatic varigtion result in the
extreme temporal and geographic veriatiom in production of surface fishing methods, partice
ularly that of purse seine gears

3e TUNA IN THE INDIAN OCEAN

Recently, dus to EEZ developments, an interest has emerged in development of fisheries
for the oceanic resources in the Indien Ocean, Unfortunately, there is little information
available about abundences, seasonality or much else, excepl for longline fishing, There is
the general observation that in the Atlantio and Pacific Ocean areas where productive long=
line fishing occurs there are productive surfece fisheries Ffor the sams mpecies in the
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Pigure 1o The flux in the thermal profile of the 1973 yellowfin
twne study area (Sharp 1978) is shown for the 6 months
of the study period, The minimum effective fishing
depth and design fishing depthe of the modern purse seine
are indicated, The mixed layer depth (MLD) and the 23°C
and the 15°C isotherms ave plotted. The productive fishery
commenced in the second week of March, The average numbers
of fish caught per successful set are indicated at the
bottom right of the figure, and both daily and per set catch
rates are indicated, The productivity corresponded in {ime
with the omergence of both the 15°C and 23°C isotherms above
the two limits of the fishing gear. The mixed=layer depth
is not related to the vulnerability of the fish in thie
example,
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239 isotherm are plotted for the study area and periode
The non=porpolise=asssociated catoh rates follow clossl
the behaviour of this environmental feature (re =0094)e
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reglons pevripheral to or bounding the lengline aveam, These ix
cugsed islend, shoal and oceenogrephic feavures. Given thisg
longlivne and o ce rishing potential 1t peems thatg wh &
ragources available in the Taudien Ocean, in ve I .
figheries, There is continuity in ocourrence and figharies for mmall skipjaok tung, fyom the
range of the tropical Tovm in the wembtern Pacific Osean, all the way acronsg the
northern Indian Ocean $o Somaliae Souwth of the equator the chavestox " the Indian
Qcean ave comparable to the sentral Pacii¥ic Ocesn, the habhltat of L@ : @fg nomadic form
of gkipjack tunae Theve have been short bub effective cemmerciel ventures in the coasial

vemes of the southern Indlan Oceen wheve skipjack tuns and the other commercially sought
sumas hove been fownde

] vuégpond@n@@ betwoen
s FAUE f@l iiVb]y’Un appad buwne
ripheral those vccupied by longlina

da impoxtent consideration iz that it is clesrly pessible that the Indiesn Ocean popus
lations have succeeded in stretifying by reglong ln vesponge to "local?® environmental fees
tures, and as a result themse might bs at leawl as complex ovr diverse as the western snd cen=
$ral bropleel Pacifle Qcean tuns populailiong which will complicate the predictions te followe

in the following sections wmonthly cherite awve provided of the Yaverage® %h@%e and
oxygen properties in the Indian Ocean, which exe preswisd to describe sones of vulnerebility
af various twas to various geavrs. The basic d&aa were compiled firem the available ocsano=
grophic observations up to the year 1976, on file &t the National Ocesunogrephic Date Center
at the Univermity of California, Scrippe Instituilon of Oceanography. The dete were gumm-
arized by 5° square, eand plots oF these date were grephically interpolated Ho provide the
monthly chartse

There are several factors which must be recognized st the outset of any sbudy, or
efTorts at prediction from events relsting o Ocean Feabures which are functions of local
end larger QG&TG climatic eventme . "Averages” which racted from aveilable data only
show gross festures which cannot Wrepﬂﬁ@cniw veality ad {

quately bacsuse the short term and
very long %@rm variagtions awre vemoved in Tavour of point @BGiJ&bGﬁo I might add that this
ig often the problem in communicatbion of mogt Fisbery situpiions in that the W&V@BS{@" event
ig often very ravely observed wmder noymal opeveting conditions. 'The adventage of using
ave%aé@@ g that th@y tend to veduce the "blur" of baclkground veriation. Considering the
V&T1&610H obgerved in the day to doy basis by which figheries operate in most cames, it can

frugtrating to try to interprot what is mesnt by "average conditlongs On each chart of
"averag@ conditions® there are lines which reprement the BVOEL.LE pouiuﬁﬁna off geverel Toa-
tures, The features have to ba, by definition;, somewhere in the continum of events, but
their absolute locations vary mevkedly in $ime, In weality if one were to heve to locate
them from a boat at sea, a spystemetlc search from the perspscitive of local conditions will
ugually locste the features, For example, if you sve looking for the 23°C surface isotherm
and you are in waters with temperatures of 24° or 25°C, the divection to proceed is toward
cooler water or southwarde The average pomitions heve sn inherent minimum error of ¢ 5¢Y
latitude or longitude in the estimated locations, Where broader zZones or areas are indie
cated on the charits, the btrue sitvation will be thaet much more concise and limited digtrie
bution will exist for the festures belng mought, probebly located within the broad zene
indicated.

I+t should be emphasized that mmall-scale oy local fesiures will dissppeer on the chavbs
of "averagesi: isglands or conitinentel borders olften generate appropriate conditions in the
water column which create vulnerabllity, zones, bui uwnless these ere wide=-spread evenis they

will not oceur on the chartse

So that it should be clear to the resder what is intended, a few dependable’ features
con be pointed oute The location of the surface isotherme in the Indian Ocean is arrayed
from warmer to cooler From north to south. The eawt to west varigtion in thermel and oxygen
levels i significent sbove the equator, and decroases genorally toward the south except in
ghoal and coashbal regions. Three vertical sectlions, cne ifrom north to south and the other
two @%@t 0 wewt, show the general tvends of these date in the Indien Ocean (Figures 34, B
and C)o
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Figure 3. Thermal and oxygen profiles are shown from the results of three oceanographic transects in the
Indian Ocean., The 15°, 20° and 23°C isotherms are plotted and the areas of regtrictive oxygen
levels as described in the text (the 1.5, 2.5 and 3.5 ml per litre) are plotied in relation to
the thermal profile data. Note the great differences in importance of oxygen availability in
the northern Indian QOcean in contrast to the other areas, ’

- -



e O e

in thse novth-south
Bkipjack tuwne will vange over
line wherever they con @ncﬁinb OX,
Ei; 1@cabﬁons 3 ]

paction %h@‘bébjia$ GONCH @? ¢h@ three 1 i :

; face igotherm novrth to the coagte
10v01g gﬁ@@sc? bh@ 365 uT/L ou a pugsained basis,
rablility to surface gear can be emtimaied using the

pay

The firvet series oi charts shows the average posltions of the sea surface ilpotherme
for each B@ntl of' the year, Also indicated are the zones where the dissolved oxygen level
less thon of 3.5, 2.5 and 1.5 ml/litre emerge to depths move shoal then the 159C isotheram,

and become the significant habitat 1imiting features,

The general trend i Tor the oxygen levels at 80 metres o decrease as one travels
norshward toward the coastline, This severely limits scourrence and activitiy of AT
sunas and wmay result in lower overall abundances of lavger tuvnag in the northern region,

sioularly in the warmer waters. The tempersture igothermp were melecied to vange from
0 290 by 3°¢ intervals except in the interval bhetween 21° and 23°¢ (a 2°C in
used heve %o facilitate fullescale displey of isotherms of interest).

5

The polected isothermg and oxygen values of interest to surfece Fishing ventwures arve
quite specific, The 15°C isotherm is shown 4o provide the lowsr normal boundary of ccoure
rence Tor slbacore: the 20°C isotherm is the usual lower boundary for commercisl quantlble@
of nomadic skipjack tunas the 230C isotherm is the lower boundary for yellowfin tunaj; +the
260 and 299¢ igotherms are shown to identify the tropical zone and warmest bemperauuue Zones,
regpectively. :

Although some qu&ntiti@s of tunasg are encounb@f@d in temperatures below those values
listed for each spscies, it would POve of vaiue to e 'and much efford in
exploring these sreas when more "pr@duuu =Xe bifled from previous expele
ience., AMnomalies will be obvious snough asg effort increases for the species preferving
cooler habitats, Cerbtainly once a broad distribution of effort is being supplied, more
information about all of the resources will svolve,

The 3.5 uJ/J oxygen value represents & lower combinupus exposure limit for nomadic mkipe
jack twnoy  the 265 mi/L value is an esbimated 10 minute tolerance value for the sane specles

. .

group; and the 1.9 mi/L value is an ewbimate of the cowtinuous @xpOﬂu: Limit for schooling

yellowfin bHune. The oxygen valuasw 1y wet e Limd features me, digtribution in
thé northern Indien Ocean throvgnous the year,
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These summaries of monthly average oceanographic conditions show the sea surface temperatures,
and the areas where the oxygen values in the northern Indian Ocean and western Ceniral Pacifio
become limiting habitat features at depth, rather than temperature, for occurrence of skipjack,

yellowfin tuna and albacore. Note the rapid changes in oxygen values from 1005 to the equatorial
zone. in the Indian Ocean in contrast to the western tropical Pacific,
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Tn the second set of monthly charts I have summarized the data of interest to faclli-
tate looation of eveasm where skipjeck tune should be vulnerable to surface gear if they.
comply to the physiolegical @@ngtraint patterns of the nomedic type of skipjack in the
Pacific Ocean, The average 20 %¢ purfece isotherm locetion is ghowm as & devk line in the
gouthern Indian Qcean, The total area between the 200C surfece isotherm in the south and
the porthexn cosstline is the vange of skipjack occcurrence., However, little can be said
about potential vulnerability im this ares wlthout teking into accownt the subsurface fea-~
tures,

e checked pattern lying just to the north of thise line indicates the wone where the
209¢ isotherm lies botween 50 and 80 metres, the optimum zones for gurfece gear vulnerabilit
of sgkipjack twea., The dotted zones represent areas where the 2.5 ml/L oxygen levels emerge
to depths between 80 and 50 metres, another habitet limitetion which appears 1o enhance
gkip jack vulnerability. The cross haitched areas indicate regions where the exygen levels
are very low neaver the surface, likely excluding twnes from the region in eny numbers.

There are large aress where skipjack should be valnerable; their positions very in the
central Indian Ocean throughout the year in response to wind field petterns., In the period
from September through Dscewber the northern Indien Oceen temperature profiles respond to
the wind conditions whioh promote upwelling of ecoler water, However, the upwelling water
ig very low in oxygen, virtually excluding the poseibility of encountering tvnas in these
ragions dus to their high metabolic requirements.
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The areas where oceanogr&phid conditiong would promote vulnerability of oceanic skipjeck to
gpurface fishing methods (not includimg local phenomena assooiated with islands), are indiceted

by the checked and dotted arease, The heevily crosphatched aveas have oo little oxygen for skipe
jack to survive at depthe less then 50 metres, so few twna are expected 10 ocour at these times
in these arsafe
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approximate bouwmdaries of the longline vulnerability nones.

These arvs charecterized by eveas where the praference temperatures occur within the 50
to 200 metre depth renge whieh is exploited by the longline gear, The gear may only place
hooks o 150 metres, or modified gear may Ffish deeper, but fish can be atiracied from well
below the levels of the hooks, as well as from above,

For albacore, the tvaditional longline gear would be effective to the north of the
lightly hatched areas indicating the 50 to 80 metre depth zone of the 159C isotherm, Sime
ilarly, longline yellowfin tuna cabches would optimize 4o the north of the more dense line
cross hetching indicating the shosl 23°C isotherme The catoh of yellowfin tuna is advermely
affected by the presence of low oxygen levels (less than 1.5 ml/L et 100 metves), The northe
ern Indisn Oceson (like the easbern twropical Pacific Ocean) would yield lower yellowfin tuna
catches than other tropical oceen arsas duwe to the shallow oxygen poor wabter. In mome years,
peagons, and areasy, this oxygen distribution patiern varies mo that longline catches can be
substential within the haitched zone indicating low oxygen levels,

The bigeye twma catches would be expected to be good anywhere from the zone demarking
the murfece emergence of the 23°C isotherm, north to the areams where the 100 metre oxygen
lavels are lower then 1.0 ml/l, Recent innovations in longline gear use have shown that
by fiphing desper (to over 200 metres) larger catches of bigeye tune are possible than made
by the treditional gear., Oxygen levels appear o be the major adverse facior for blgeye tuna
occurvence, in that high catch rates have been observed in aress where hooks lie in waters
ag cold as 11°C,

There is little slkipjack or other small twa caught with longline gear due to the size
selectivity of fthe hooks end bait. Billfishes (except swordfish) are clearly & secondaxy
catch be the gear whioh ig primarily set to optimige tuna catchesse Broadblll swordfish ave
of'ten specificelly sougnt as indiceted by the use of gear modified to fish more shoal than
wguna! gear, and at different hours during the day. The premence of mavlins in cetches ig
often a good indicstion of the ocourrence of msmall $was and other pelagic fishes as these
are ‘the staples of marlin diets.
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Ao  CONCLUSIONS AND SUMMARY

Thers are few reasonable svbmbitutes Tor empirvicism in Tishery developmente There are
no "vules of thumb" which can be uged in oceanic sitvations which do not fall victim to
"losal conditions, Rxamples of such problems ave alse fownd in the oceanie fishevies for
tmes and blllfishes. The most preductive growds for one year type may yleld virtvelly nil
for enother. Bven in relative proximity the catch compositions of gimilar or different gear
types can differ greatly. The vulnerability of the vaerious twna and billfish specles is
gub ject 0 recently identified vaviebles (8aito 19733 Saito and Saseki 19743 Seito 19753
Hememoto 1974 snd 19753 Sharp 1976 and 1978), end subsequently this informetion is being
integrated into harvest strategies by various fleetse

The truly tropical species has as the lower thermel bownd the 159C isotherm. Their
tempsrature prefersnces will lie somewhat above thef temperature., In the case of the
temperate tunaes, particularly albacore, we see that their preference ig only slightly sbove
this lower bouwnd and that the adulis are found deep in the thermocline structure of the
tropical oceans and polewsrd in the widening expense of oceen which is bownded by 15°C and
the 229C igotherms, The yowmger albacore, up to about 85 em fork 1eng’th9 818 fighed in the
gurface layers of the ocean within a similar tempsroture envelope. Bigeye twna arve only
ravely encountered in abwdence in surface fisheries; and usunlly only ihe muall ones ave
involved, and only in thowss regions with sgherp thermal gradients insluding +he reuge Trom
179C 4o 26%C, Some historical surface fisheries have havvesited large hissye nesr islavds or
over banks which disturb the current struciure and causs the thermsl conditions Ho mimic the
shoel isotherm situation bringing the eritical oxygen or thermal structure nsar the surface.
Largs bigeye and albacore appsar to coexisi over much of their rauge, bub the lower oxygen
requirements of bigeye may provide a depth advenitage where oxygen levels slowly decrease in
the water column within the appropriate thermel envelope,

Surface fisheries are apparently quite respongive to thermal and oxygen profiles, The
haebitet lower bound condiiions of the twnes act as floors which the individuals may penetrate
for varying times depending upon their sige and condition (the analogous behaviour to holde
ing ones breath, or e quick dask to the mailbox in the cold), The smaller individuals sre
more sengitive to sherp gradients which include their bounding conditions, The surface
figheries for twmas generally include the smaller individuals of a population, BExcepihions
occur whers concentrated or compressed hebitat bounding features alse inelude food concen-—
trating or aggregating phenomena (divergence and convergence zones,; islande, sea mouwntg,
etco)o The effects of geographical features on thermal, oxygen end food profiles img pro-
found duge 4o their effects on mixing end discontinuiities of hydrologic features, but these
effects simplify to the smitusiions described above where habitat floorsand food sources are
pughed toward the surfece.

In local areas where longlining is succesgsful it ie unusual to bhave concomitant sur—
face fishery success for tumas. Those casee where this does occur depend on aggregation
phenomena such as the welllmown marine memmal or Tlotsam associations, Often the factors
which aggregate the tunas ave created by physical processed which yield the shallow habitat,
and hence purface gear vulnerability of the ‘tunase, These are convergence gones, rips or
eddy zones, and turbuleni wakes in the les of geogrsphic features.

The northern Indian Ocean has the added complexity of seasonal monsoon conditions which
reverse dramatically during the year, Rach exireme of the cyocle has limiting effects on moa~
fTaring activities, Dynemic changes in wind direction elsc have wafound effects on thermal
structures, wwelling end other events of importamece to Tishing scotivities, intreducing
ghort=term variation which may be masked in the “gverage" data gummeries.
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Thess monthly charits are provided as guides and interpretive aids for ume in design and
A exploratory fishing ventures for twes in the Indian Ocean, Similar charts

peagonal ity end aveas of high tuna vulnerability. These were available from
sve only published in 1978,

this presentation of the Tndian Ocesn material perhaps too much emphasis was placed
voblemns to be expected. These charts were prepared in anticipation of the develop=

ew Htuna Tisheries and it was presumed that some information sbout the importent

ntal properties conducive o succesgful fishing would help dispel some of the inherent
veluctance of fishermen and investors to ezplore new areas, and hence promote dimcovery and
harvesting of whatever resources may be available.
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