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FOREWORD

Tuna fisheries being among the most important of the world's
fisheries today, many countries are seeking ways in which to
develop their exploitation of these pelagic fish, Australia already
has a small industry for the southern bluefin, its boats working
out of southern ports in New South Wales and from Part Lincoln
in South Australia, but the total production so far is only in the
order of 5,000 tons per year, and there is a strong wish todevelop
this industry and to increase its catch. One of the areas in which
it seemed that such development might be obtained, is that which
lies off the south-western corner of Australia, in which tuna have
been observed, and in which Australian tuna vessels could operate
from Albany or Fremantle. Attention was drawn in 1960-61 to the
reports of tuna occurrence in this area; this was a time when the
. fish cannery at Albany found itself short of raw material supplies
drawn from the stocks of Australian salmon. A request was made
for steps to establish, if possible, tuna fishing in this area to
provide an alternative type of raw material. A decision was made,
as a first step toward effecting that development, to charter a
fishing vessel to carry out fishing operations to test the practicability
of establishing there a commercial fishery. The present report is
an account of the observations made from this vessel of tuna and tuna
environment, together with an account of the tuna tagging operations
carried out. The vessel "Estelle Star" was chartered, to carry out
the survey reported on here, with funds made available from the
Fishing Industry Development Trust Account by the Minister for
Primary Industry, the Hon. C.¥. Adermann.

G.L. KESTEVEN
Assistant Chief
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REPORT OF A SURVEY FOR TUNA IN WESTERN AUSTRALIAN WATERS

By J.S. Hynd and D. Vaux

Summary

This is a report of prospecting for tuna carried out in waters off the
south-western corner of Australia, from July 31, 1961, to July 17, 1962;
biological examination was made of almost all fish taken (chiefly Southern
Bluefin, Thunnus maccoyii}; 4,750 fish were tagged; hydrographical obser-
vations were made. ' ‘

Although the survey plans provided for fishing on a commercial scale
whenever fish were found, only ocne small catch was taken and landed; the
rest of the catch, consisting entirely of small fish, was used for tagging
and other biological purposes. The presence of three groups (= broods?)
of fish was demonstrated.

I. INTRODUCT ION

In 1960 a reguest was made to the Government of the Commonwealth of
Australia for the conduct of a survey of tuna resources in waters off the
south-western corner of Australia,with a view to establishment of a commer-
¢ial fishery in that area if the survey should show that there were tuna
stocks in that area of a size and composition to support such fishing.

Tuna were known to be present in these waters for at least part of each
year, but there was little information from which an estimate might be

made of the magnitude of these stocks, or a guess made as to their size
compositlon; moreover, no one could tell whether, supposing the stocks

were sufficient to support commercial operations, the sea and weather con-
diticns prevailing at the times at which the fish were present would permit
successful operations of the kind currently employed in Australian tuna
fishing. These matters had therefore to be tested. Since the local fish-
ing industry had neither the skill nor the equipment to undertake this work,
arrangements would have to be made with some fishing unit(s) from the
Australian east coast where a fishery for tuna had bequn ten years earlier,
The arguments in favour of carrying out this survey were sufficiently strong,
and an east coast tuna pole-and-bait boat was chartered for twelve months;
prospecting operations were carried out for nearly the whole of the charter
time. This report gives an account of those operations and presents the
data obtained with regard to the tuna taken and the hydrographic observat-

lons and collections made. Conclusions that may validly be drawn from these
results are suggested.



(a) Origin of Proposal for Survey

The original request resulting in this survey was made in June 1960 by
Hunt's Canning Co. Pty Ltd, of Perth. This Company proposed to the Depart-
ment of Primary Industry that a survey should be made of Western Australian
waters to examine the possibility of establishing a tuna industry in Western
Australia. The main species of fish taken untiil that time by the Company
for canning had been Australian salmon but the catch of this species had
fallen considerably in recent years, and in 1960 had fallen to a level at
which, it was claimed, the cannery could no longer be operated economically.
Consequently the Company was obliged to look for alternative raw material
and was prepared to change to tuna if this species could be caught in suff-
icient quantity.

Hunt's proposal was supported by the Minister for Fisheries, Western
Australia, whose Government wanted the Aibany cannery kept in operation
since its closure, the Government believed, would have dlsastrous effects
on the fishing industry of Western Australia.

There was a parallel between the situation on the Western Australian
coast in 1960 and that which had prevaiied on the east coast before 1950.
The presence of tuna in eastern Australian waters had been known for some
years before 198C, but until the arrival of the U.S. tuna clipper Senibua
in that year only sporadic catches had been taken and there was no sustained
fishery. The Senibua was able to demonstrate that the bait-fishing tech-
nique could be used in these waters, that suitable bait .fish were avallable,
and that profitable commercial operations could be carried out using this
technique. The crew of the Senibua trained Australian fishermen in the
use of this technigue, and the vessel herself was a demonstration of the
structural features required in a vessel using this method. These demon-
strations provided a stimulus which led 1mmedlately to local efforts out
of which the local industry grew.

The view of the Western Australian Government in 1960 was that a
reliable examination of the tuna resources of that State and demonstrations
similar to those made in the east by the Senibua were needed. Obviously
development of this industry would provide an opportunity for Western
Australian fishermen to improve their income and it was further argued that
such & development would prove important if diversion of boats from the cray-
fish industry should become necessary.

There was some question as to which sea area off the Western Australian
coast should be examined firsi. The presence of southern bluefin tuna in
southern Western Australian waters had been established by fishing operations
and research observations (Serventy 1941); the few specimens caught were
mainly large {heavier than 200 pounds), mature and spawning, bu: a few juven-
iles (1% to 20 pounds) had been taken. Large fish had been caught on shark
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lines and some by netting. This area also was convenient to the existing
cannery equipment. Stocks of bluefin and yellowfin inhabit north-west
Australian waters, and are exploited by the Japanese, but the sparse settle-
ment and lack of canneries and other shore faciliities north of Perth made
this an area unsuitable for these initial operations; a further argument

in favour of surveying the waters south of Perth first was the probabllity
that experienced South Australian fishermen would move to this region,
seasonally or permanently, 1f resources should be proved.

(b} Survey Plans

After discussions with tuna fishing operators, detailed proposals for a
survey were drawn up by the Fisheries Division, Department of Primary Industry,
and the Division of Fisheries and Oceanography, C.S.I.R.0.

The two Divisions proposed that a suitable fishing unit should spend
twelve months in southern Western Australia to carry cut fishing for tuna as
widely and as intensively as possible, with the specific objectives of:

(1) adding tc knowledge of the occurrence and distribution of
southern bluefin tuna in those waters;

(ii) testing the suitability of various types of fishing gear;

(11i) examining the availability of suitable bait fish and deter-
mining the most suitable method for their capture;

(iv) demonstrating these methods to Western Australian fishermen.

Suggestions were made concerning the planning of operations. The two
Divisions agreed that the operation should be carried out in closest possible
collaboration with the Fisheries Division of the Department of Primary Industry
(with respect to technological details) and C.S.I.R.0. Division of Fisheries
and Oceanography (with respect tc investigation of resources). Arrangements
should be made to supplement and assist the work of the fishing unit by
observations from cther vessels and from aircraft. The fishing unit should
alm to take as much catch as possible, but the fishing operations should be
covered by a guarantee of income at a level indicated by the owners of the
fishing unit.

The vessel to be used in the proposed survey should be of such size that
it could operate over the whole survey area from Albany to Fremantlie, and
should be equipped to carry out various types of line fishing for tuna with
and without bait. The unit should be capable of testing types of tuna lines,
of using poles of various lengths, and of experimenting with different types
of lures, trolling lines, longlines of various specifications, and water sprays.
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For work on bait fishes, the unit should possess bait fishing nets and lights
so that the avallability and suitability of kait fish in the area could be
examined and catching techniques formulated. The vessel should have a
refrigerated brine tank capable of holding a pay load of fish and be equipped
with echo sounder and radio telephone. Accommodation should be adequate for
a full complement of crew plus one officer each from the Department of Primary
Industry and C.S.I.R.0. The vessel should have a capable experienced skipper
with a proven crew.

The area of survey was chcsen to extend from a hundred miles east of
Albany to a hundred miles north of Fremantle and to seaward for about a
hundred miles from the coast; this is an area of about 60,000 square miles.
In considering the duration of the proposed survey, establishment of a
picture of the annual cycle of distribution and habits of tuna seemed most
important. Large spawning fish have appeared as early as the end of September,
but more frequently at the end of Octcober; they have seidom been seen after
March. This was the only indication as to seasonal occurrence of fish in
these waters, but the presence of smaller fish at other times was highly
probable. Consideration of these points led to the proposal for a survey of
twelve months duration.

Since the primary objective of the fishing operations was to catch the
greatest quantity of fish whenever and wherever pecssible, the overall deter-
minant of day-to-day.operations should be the decision of the skipper. He
should, however, be required to act in close consultation with the Depariment
of Primary Industry and C.S5.I.R.0. in designing his plan of operations. The
value of a charter as proposed would depend to a large extent upon the efforts
of skipper and crew so that it seemed advisable to stipulate in the charter
party that it should be subject to cancellation if there should be evidence
of incompetence on the part of skipper or crew, or if the operations were not
being prosecuted with appropriate vigour. Also, subject to weather conditions,
the operations should continue for the full twelve months even if a catch of
300 tons were reached in a shorter period.

The proposal was approved by the Minister for Primary Industry and tenders
were called. The most satisfactory tender in view of the requirements out-
lined above was received from Mr Owen Allan on bhehalf of Australian Tuna
Fisheries. Mr Allan proposed that the Company's tuna vessel, Estelle Star,
skippered by Mr Ken Tidswell, the foremost Australian tuna skipper, be used
for the survey, and covered by a Commonwealth guarantee of £40,000, represent-
ing the value of 800 short tons of tuna at 6d per pound.

{¢) The Charter Agreement

As a result of these proposals, F.V. Estelle Star was chartered for a
year's survey with the declared aim of catching fish whenever and wherever
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possible in the greatest possible quantity. The charter party drawn up by

the Department of Primary Industry specified the operations to be carried out
and, whilst it included a clause tc the effect that the master and crew were

to obey the reasonable orders of the charterer or its representative, the
Tesponsibility of fishing with maximum efficiency was to rest with the skipper.
C.S.1.R.0. Division of Fisheries and Oceanography pointed out that it did not
wish to exercise control over the skipper's plan, but merely to make careful
and effective observations and records of all operations and their results so
that it might be in a position to advise on the question of resources, also |
to take opportunity for tagging and water sampling. The charter provided

for the continued presence of a representative of Primary Industry. C.S.I.R.0.
arranged that officers of the Division of Fisheries and Oceancgraphy should
accompany the vessel at all times for the purpcse of keeping records cf catch,
environmental information such as temperature and salinity of the surface
waters, and relevant meteorclogical data, and to make such sub-surface observ-
ations as were possible without disturbing normal fishing operations. Assembly
of these data was undertaken at Cronulla, and cruise summaries, showing area

of operations and results covering cruises of two to three weeks, were promised.

II. SURVEY OQPERAT IONS

Estelle Star began her charter at Port Lincoln, South Australia, on
July 31, 1961, and left for Western Australia on the follewing day with repres-
entatives of Department of Primary Industry and C.S5.I.R.0. aboard. Fishing
operations and hydrographical observations began at once and were continued
thereafter until August 1962, interrupted, of course, by weather and the needs
to put into port. Reflecting the decision that the operations were to be
those of a fisherman, the vessel moved and worked as directed by the master of
the vessel in accordance with his views on how to get a commercial catch, and
subject to weather and logistic requirements. That is to say, the vessel did
not operate a set of planned cruises, with station sites chosen before hand,
or with any of the other planned features of formal research crulses. However,
for C.5.1I.R.0. purposes the records were assembled intc units identified as
cruises, reporting the operations in periods of two or three weeks, depending
on how much sea-time had been possible, and how many stations had been occupied.
These "crulses" are represented in Figures 1 to 21, and the cperations are
represented in Appendix i.

Hydrographical work was limited to sampling the surface waters for temper-
ature and salinity, with occasional lowerings of a bathythermograph to indicate
the structure below the sea surface. Surface water temperature was recorded
continucusly by a thermograph, and meteorological observations made at three-
hourly intervals throughout the vessel's sea time and at all stations. Specimen
log sheets with entries are included in Appendix 2. The observations are
listed in full in Appendix 3. The ship's fishing operations were recorded in
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detail which included time spent in fishing (including baiting}, length measure-
ments on all fish used for tagging, and full morphometric measurements on fish
unsuitable for tagging.

Early in the survey Mr Tidswell decided that the small numbers of tuna
caught should be made available for tagging rather than kept for cannery pro-
cessing. Opportunity was taken to test the behaviour of small tuna after
marking by placing them in the vessel's bait tanks for observation. When the
Estelle Star moored at Fremantle for the Christmas leave period, ten crulses of
an exploratory nature had been completed without catching a paying quantity of
tuna.  About this time s decision was taken to insfall experimental longline
equipment and to test, through its use, the presence of fish in deep strata.

An hydraulic winch was therefore fitted to the vessel, during this leave period,
and a set of longline equipment, as used regularly aboard F.R.V. Derwent Hunter,
was supplied by C.S.I.R.O. Nansen water bottles and reversing thermometers
were also issued so that subsurface water sampling could be undertaken whilst
the vessel was standing by the longline. The line was shot for the first time
early in January, and was used a few times thereafter, but since it resulted in
the catching of only few fish (including three bigeye tuna), its use was aband-
oned. The deep-water sampling equipment was used only in conjunction with the
longline.

One catch of 17 tons of fish of a size suitable for processing by the
cannery was made 25 miles off Salisbury Island using poles and bait;  the land-
ing of this fish at Albany took two days., By April and May the catch rate of
small (10-15 1b) tuna had increased, and since.the.possibility of making large
sustained catches of tuna on a commercial scale became more remote, the decis-
ion was made to concentrate on a programme of tagging these small fish found
within 10-20 miles off Albany. This programme reached a climax on cruise 8/62
(May 27 - June 20) and 9/62 (June 24 - July 5) when four thousand tuna were
tagged. During May the tagging work provided an opportuniiy to test a new
technique in age-determination and growth studies. Oxytetracycline hydro-
chloride (terramycin)} was injected into slightly more than 11% of the fish
tagged; this substance is incorporated in the bony structures of the fish and
forms a layer which will fluoresce in ultravioclet light. The method therefore
provides a time-identified datum mark in otoliths, scales, vertebra and fin
rays from which subsequent growth can be measured and growth rates deduced.

Towards the end of the survey the Minister for Primary Industry approved
of the use of funds from the Fisheries Development Trust account for the charter
of a twin-engined aircraft for use in aerial spotting. Flight plans were
drawn up by C.S.I.R.0. and Primary Industry to cover 18 hours of flight time
spread over three days. The first series of flights was carried out between
May 7 and 9, and before the tuna survey ended, three further series had been
completed. Details of the flight plans and a list of sightings form Appendix 4;
the tracks of these flight:plans are shown in Figure 22, No tuna were posit-
ively identified during these flights, and on twoc occasions when the plane was
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flying over the Estelle Star, the fish being poled from the vessel were not
visible from the air. Schools of pilchards and unidentified small fish were
seen and also fairly large numbers of whales, mainly sperm whales.

The area in which Estelle Star operated, for this project, has been
marked off into four sub-areas as shown in Figure 23, The distribution of
effort over these sub-areas is shown in the following two tables.

FISHING EFFORT OF ESTELLE STAR BY AREA AND MONTH

Area 1 Cruise 3/61, 4/61, 8/61, 10/61, 1/62, 5/62

Area 2 Cruise 2/61, 3/61, 4/61, 6/61, 8/61, 9/61, 10/61, 1/62, 5/62

Area 3 Cruise 1/61, 2/61, 3/61, 4/61, 5/61, 6/61, 7/61, 9/61, 2/62,
3/62, 4/62, 5/62, 6/62, 7/62, 8/62, 9/62

Area 4 Cruise 1/61, 4/61, 5/61, 2/62, 3/62, 4/62, 10/627

BOAT TROLLING DAYS - 2, 3 OR 4 LINES (1 day = 12 hours)

1961 1962
Area Aug. Sept. Oct. Nov. Dec.|Jan. Feb. Mar. April May June July Total

1 4 5 6 3% 24 1T 244
2 2 2 22 2 2 33 2 13 18
3 ok 3% 8k 4% 55 5% Tagging fish 203
4 2% 3 % 6 21¢
Total 4 12¢ 16§ 13} 5% 8¢ 9 15 TH 933
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III.  SURVEY RESULTS

(a) Commercial Fishing

With respect to its basic task the project produced only negative result:
only one catch was considered to be of sufficient importance (in respect of its
total weight and of the size of the fish of which it was composed} to warrant
bringing it to the cannery, and even this was a very small catch, only 1z tons.
The total weight of all fish caught was about 25 tons, all of which were small
fish. The result is that the searching, by troll lines and by eye from ship
and from aircraft, during a total of 202 days, spread over nearly twelve months,
failed to discover surface occurring fish (schooled or otherwise) of a size,
and in quantities suitable for cannery purposes.

(b) Hydrography and Weather

Although hydrographical measurements were made throughout Estelle Star's
survey they were not made on a regular network of stations, but merely along
the track of the vessel during searching; production of charts showing period-
ical distribution of water conditions is therefore not possible. It is of
interest to note, however, that the large numbers of small fish caught off
Albany during May and June were in water of temperature range 66° to 67°F, the
same range as occupied by tuna comprising the bulk of the 1962 Scuth Australian
catch. Temperature-measurements made-by- fishermen - during -their normal fishing
operations have been discussed in S.P.P. Special Reports 1, 2 and 3. The
third report summarizes conditions in South Australian waters in 1962 and draws
attenticn to the range of temperatures at Rocky Island (66°-67°F) and off the
continental shelf south of Capes Wiles and Catastrophe (66°-67°F, dropping
below 65°F as the season closed). In the second report, referring to the New
South Wales 1961 season, the temperature range in which fish were caught was
60°-65°F at the beginning of the season {October) increasing to 65°-70°F later
(November-December). Conditions off Albany seem to have been similar to those
of the South Australian fishery, an observation of interest when considering
the movement of tuna between these areas.

Salinity measurements made on water samples collected on Estelle Star's
two crossings of the Great Australian Bicght showed an extensive area of high
salinity water (salinity above 36 %) between the meridians of 126°E. and 134°E.
We do not know how far south this high salinity water extends, but its distri-
bution could affect the east-west movement of tuna and suggests a topic for
further examination.

Quite apart from the absence of paying quantities of tuna of suitable size,
the weather experienced in these waters is against the establishment of a small
boat pole-and-bait fishery. Reqular weather observations are listed in
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Appendix 3 and summarized here. Of the 202 days Estelle Star was at sea,
weather observations were made on 167 of them. Wind force was above 2 on all
but 31 of these days; these days would represent good fishing weather for
small boats. On a further 111 days, maximum wind force experienced was 3-5,
representing days when a vessel of Estelle Star's construction would continue
fishing but smaller vessels would probably cease operations. On the remaining
29 days, winds of force & and above were encountered. These figures refer to
the days on which Estelle Star was at sea; on most of the remaining days of
the charter the vessel was confined to port as a result of unfavourable con-
ditions,

(c) Study of Tuna Stocks

A major result of the project has been the demcnstration that the tuna
occurrences in the area are of juvenile stocks on nursery grounds.

(1) Size and Other Characteristics of Captured Fish

The principal species of fish taken in the course of this work was
southern bluefin tuna of which more than. 6,000 were taken; these were all
taken by trolling or poling. Of species other than southern bluefin only 18.
specimens were taken. More than 6,000 southern biuefin were tagged and re-
leased, and in the course of this operaticn each fish was measured for length;
length was measured on the fish that were not released, and other cbservations
were made con them. The length measurement was between snout and caudal fork.
The length frequency data are presented in the table of Appendix 5. The
largest specimen measured 80 cm and since this was considerably less than that
of the smallest fish in which mature gonads have been observed, we assume that
all the fish taken in this prcject were immature.

(1) Fish Taken in the Vicinity of Albany.- Most specimens (some 5,000 odd)
were taken between West Cape Howe and Bald Islandin the months May, June and
July 1962. (See map, Figure 23, for these and other localities). The length
frequencies of the 2+ fish are represented in Figure 24, which shows the dis-
tribution of fish taken cn Cruise 6 to have been unimodal, that of fish taken
on Cruises 7 and 8 to have been bimodal, and that of fish taken cn Crulse 9 to
have been unimcdal. The mode iIn Cruise 6 distribution has the same location
as the right hand modes in the distributions of Cruises 7 and 8, while the mode
in Cruise 9 corresponds to the left hand modes in Cruises 7 and 8. This set
of correspondences suggests that two distinct groups of fish were present, one
replacing the other cver the period of the observations.

Of the fish taken in Crulse 9 nearly 1,300 were taken on the last two days
(July 4 and 5, 1962). These fish were schooled in the vicinity of Vancouver
Rock in an area of less than one square mile. Their length frequencies-are
plotted in Figure 25. Inspection shows & near symmetrical bell=-shaped
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distribution with mode of 65 cm. Mean and standard deviation were calculated
as 64,91 cm and 3.34 cm respectively. A normal curve which was fitted is shown
in Figure 25. The observed distributiocn was found to differ from the expected
(normal) distribution at the 0.1% level. The major contribution to « 2 derived
from the fact that the observed distribution is leptckurtic with respéct to the
normal, the contribution from the high observed frequencies in the 73 and 74 cm
class intervals being negligible. Therefore the distribution of L.C.E:s in.
the parent population is fundamentally symmetrical, leptokurtic with respect to
the normal, and has estimated parameters of mean 64.91 cm, standard deviation
3.34 cm and 95% confidence range (1.96 times S.D.) + 6.56 cm about the mean.

When we apply these criteria of homogeneity to the histograms in Figure 24
we see that the distributions of L.C.F.s in the populations from which fish were
taken in Cruises 6, 7 and 8 are widely different from that in the popuiation
fished on Cruise 9, on July 4 and 5, 1962.

To investigate this difference further, frequency histograms of catches
taken on single days or groups of not more than three consecutive days separated
by ‘approximately weekly intervals, were constructed. These catches were taken
from an area of approximately 30 square miles lying between Peak Head and
Eclipse Island. The histograms are shown in Figure 26 {a) to (i). The dis-
tribution in Figure 26 (a) is practically identical with that in Figure 25 as
might be expected. In Figure 26 (b) to (d) inclusive the distributicns are, in
general, right skewed with the same mode as in Figure 26 (a). Figure 26 (e)
and (f) show approximately symmetrical flat-topped distributions with appreciably
higher means than-that of Figure 26 (a).. 1In Figure 26 (h) and (i) the distrib-
utions are left skewed with modes at approximately 70 cm. This sequence of
length frequency distribution. is consistent with the hypothesis that at the
beginning of the investigation period two distinct groups of fish were present
in the area; that their modal sizes were 70 and 65 cm approximately; that the
group with the greater modal size outnumbered the other by 3 or 4 to 1; and
that over the period of the investigation the numbers of the larger size group
decreased relative to those of the smaller size group until finally only the
smaller size group was present.

Vessel movements were such that the whole of the area investigated was
covered each day, effort being concentrated in places where schools were located,
Investigaticn of the size composition of individual schools showed that, except
at the end of the period of investigation, fish from both groups schooled to-
gether. Thus the observed seguence of length freguency distributions could not
have arisen by fortuitous application of fishing effort tc schools composed of
fish segregated by size within the area.

Confirmation of this hypothesis of replacement of one group of fish by
another comes from the results of the tagging programme carried out in connect-
ion with the survey. Of fish over 70 cm L.C.F. tagged and released during



- 13 -

Cruises 6 and 7 (almost certainly fish of the larger size group) nine were
recovered by June 11, one more on June 25, but none subseqguently.

Thus the evidence is conclusive that two distinct groups of 2+ fish were
fished during the period May 3 to July 4 -in the area between Peak Head and
Eclipse Island. These groups differed in mean size, size distribution, and
behaviour pattern. Parameters of the size distribution of the smaller size
group are given above. Correspeonding parameters cannot be estimated with the
same accuracy from these data for the larger size group since this group was
always mixed with the, smaller size group whenever it was sampled. However,
the modal value was approximately 75 c¢m and judging from the slope of the
right hand side of the frequency distributions in Figure 26 (e), (f), (h) and
(1), the standard deviation and therefore 95% confidence limits are of the
same order of magnitude as those of the smaller size group. For identific-
ation purposes the group with the larger modal size is designated W.A. Group I
and that with the smaller modal size W.A. Group II.

The-léngth frequency distributions of the 1+ age group taken in the vicin-
ity of Albany. in the manths May, June and July were also examined. Numbers
involved were small but nevertheless two modes were detected in June.

Having determined that two different groups of fish were present during
May, June and July, attention was now directed to the length frequency distri-
butions of fish taken in the other nine months. Figure 27 (¢) shows the modal
sizes or mean lengths of the various groups month by month. The.two groups
distinguished above appear .at.top right, bottom right, and bottom. left of the
figure. The remaining points at right centre and top left represent a third
group quite distinct from the other two. For identification purposes this is
called W.A. Group III. '

(2) Fish Taken Other Than in the Vicinity of Albany.- Figures 27 (a),
(b) and (d) show the modal sizes or mean lengths of the various groups of
fish taken in the areas Jurien Bay to Cape Naturaliste, C. Naturaliste to
West Cape Howe, and Bald I. toc Israelite B. respectively. The data are some-
what scanty but suggest that all three groups are present in all areas at one
time or another during the year.

{ii) Growth Rates

The relation between modal length and time of year for each group is
shown in Figure 28. This figure was obtalned by combining the data of
Figure 27, omitting single measurements, and plotting 1+ fish twelve months
to the left of 2+ fish. Parallel straight lines have been fitted by eye to
each set of data and give reasonably good representation of the growth, con-
sistent with estimates of growth rate obtained by other methods.
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{iii) Tagging

This operation resulted in the tagging of 5,158 fish of which 588 were
injected with oxytetracycline hydrochloride. The final outcome of this work
will appear only in subsequent seasons when, as is expected, some of these
fish are recaptured during commercial fishing. Already (at the iime of
assembly of this report) some fish have been taken in South Australian waters
during the 1963 fishery, but their numbers are small, although including 2 of
the fish injected with oxytetracycline.

The small recovery numbers could mean either

1. a very low rate of fishing con this stock in South Australian
waters,

or 2. that only part of this stock moved into South Australian waters
in time for the 1963 season,

or 3. that tags had fallen out,

or 4. that the tagged fish had suffered heavy discriminate natural
mortality.

There is evidence from the composition of the catches taken in the 1963
South Australian season that possibility (2) represents what happened. All
recoveries made in Western Australian and Scuth Australian waters show the
tagging to have been technically successful {that is, the tags were securely
embedded, with no sign of wound at the tagging site), thus heavily discounting
possibility (3). Possibility (4) cannot yet be tested. The two injected
fish recovered in the South Australian fishery were healthy and the mark in
the vertebrae, resulting from the injection, lies at the position expected for
it under our current views on the growth rate of this species.

Iv.  DISCUSSION

The Estelle Star is a typical Australian pole-and~bait fishing unit, except
that under the management of its Captain, Mr K. Tidswell, this vessel is pro-
bably the most efficient tuna fishing vessel in Australia. Because of the
record of Mr Tidswell and of this particular vessel we accept without reserv-
ation the conclusion to be drawn from these results, namely, that no fishing
unit of this type could have taken from these waters in the period concerned,
substantial quantities of fish of commercial size. The density of sesrching
by the Estelle Star, supplemented by the aerial observations, are such as to
indicate to us that the fish of commercial size were not present in that area
and at the surface during those twelve months. Re-examination of previously
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collected evidence, and review of this total in the light of subsequent exper-
ience in 1962/63, leads us also to the conclusion that it is unlikely that such
a fishing unit would be able to make successful fishing in this area by the
pole-and-balt method.

This conclusion, however, does not mean that we have concluded that there
are no fish of commercial size in these waters at any time. We certainly
think it unlikely that they appear on the surface, but they could be present
in deeper strata, and if they were there a commercial fishery could be develop-
ed, 1f also they were present in large enough quantities and a suitable method
of catching them could be devised. The results of the few attempts at using
the longline on the Estelle Star gave no indication of where we stand with
regard tc this possibility. The Estelle Star was sent into the area as a
pole-and-bait vessel to test the possibility of exploiting surface-schooling
tuna. The addition of longline equipment tc the vessel was an afterthought
and the result of what was probably a wrong decision. The crew had not been
given any training in the use of this equipment, and the project had not been
planned in any way to give a proper test of this kind of fishing., The few
attempts made cannot be taken to mean that the tuna were not present even on
the occasions that the gear was used.

However, the cperation was successful from the biological point of view.
There has been a demonstration of the existence of a nursery ground for juven-
ile tuna, and this demonstration has been confirmed by a subsequent return of
Estelle Star to these grounds. The discovery gave opportunity for an inten-
sive marking operation which has since been repeated with even greater success.
The data cbtained from these operations have yielded interesting information
on the composition of stocks in this area and subsequent tagging returns have
shown that exchange takes place between the stocks around Albany and those on
the Port Lincoln grounds. However, the recoveries in the 1963 South
Australian seascn were only such as ccould be expected if there were movement
of only part of the stock from the Albany grounds cnto the Port Lincoln grounds.
Moreover, the compositional picture on the Port Lincoln grounds in the season
of 1963 shows the presence of certain groups which had not been seen as smaller
fish on the Albany grounds some months earlier. This would suggest, then, that
the recruits to the Port Lincoln grounds may be drawn also from nursery grounds
other than theose off Albany.

These, of course, are exceedingly tentative conclusions. They are drawn
here only for the purpose of indicating the value of the results obtained by
the Estelle Star operation. A fuller account of the distribution, behaviour
and other characteristics of these stocks off the scuthern shores of Australia
will, in due ccurse, be prepared from the total store of material developed
from all the research operations on these stocks.
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SPECIMEN LOG SHEETS
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C,8,1.R.,0. Division of Fisheries and Oceanosraphy

SALINTTY ANALYSIS 1.OG SHEET

Vessel ESTELLE §IAR Cruise 3 _ Year f9é/
Anelytical deteils:-
Chlorinity of sub-standard sea water __/? '2—4
5.T. meter reading of sub-standard _’,’_i-ﬁ_
Correction * O+ O/
8.T. meter number __é
Bottle | 8.T. meter T Corrected - o
Stn, no. reading Corre| ghlorinity| Selinity Remarks :
> -
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|
i
|
1
Samples analysed by R, Braa ‘G/z Date _29 ~ &~ 61
Salinity
Log
DvV/DS
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APPENDIX 4

AERIAL SPOITING RESULTS



SUMMARY CF FLIGHTS

- 52 -

Flight Plan Series 1 Series 2 Series 3 Series 4
1 7/5/62 17/5/62 16/6/62
0910-1238 0852-1200 0855-1155
o 7/5/62 17/5/62 14/6/62 2/7/62
13%8-1710C 1321~1634 1250-1600 0850-1155
3 9/5/62 18/5/62 3/7/62
0930-1126 0940-1258 0845-0930
1425-1645
4 8/5/62 18/5/62 15/6/62 3/7/62
1328-1631 1344-1705 0835-1210 1035-1345
5 8/5/62 19/5/62 2/7/62
0926~1223 0908-12C6 1250-1555
6 9/5/62 19/5/62 15/6/62 4/7/62
1232-1605 1259-1622 0830-1200

1300-1625
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TUNA MEASUREMENTS, LENGTH FREQUENCY
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LENGTH FREQUENCIES (QF CATCH

ESTELLE STAR CRUISES 6-9 APPENDIX 5
(L.C.F.)
Length in
cm 6 7 8 9 Totals
37 1 2
38 3 3
39 4 2 6
40 4 8 12
41 8 3 11
42 3 6 3 12
43 1 15 2 18
44 1 6 3 10
45 5 2 7
46 4 2 6
47 2 4 5
48 5 4 9
49 2 3 5
50 1 1
51 1 3 4
52 2 1 3
53 2 2
54 1 3 3 7
55 5 7 12
56 2 1 5 2] 16
57 2 1 25 8 36
58 4 3 32 26 65
59 3 4 57 32 96
60 5 7 75 55 142
61 8 12 118 11& 254
62 17 12 155 168 352
63 21 9 172 251 453
64 26 11 169 314 520
65 33 9 183 304 529
66 34 12 148 237 431
67 41 24 124 189 373
68 47 23 123 1C 294
6% 48 17 122 30 267
70 39 17 124 63 243
71 44 21 Q2 45 202
72 37 19 77 37 170
73 30 11 62 33 136
74 29 4 40 18 91
75 14 8 21 7 5C
76 5 2 3 7 17
77 2 1 2 2 7
78 3 3 6
79 2 . 3 3 8
80 1 1 2

Totals 502 234 2013 2145 4901
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TAGGING RESULTS APPENDIX 6
(a) Summary
AREA 1.  JURIEN BAY - CAPE NATURALISTE, 30°14'S., 33°32'E.
Date of Release Tag éjs}g:iiying R[:sz:zzd
27.8.61 - 8,9.61 579 1
13.9.61 - 21,9.61 580 1
20.10.61 - 8.11.61 (1217-1221) 5
4,12,61 =~ 19.12.61  (1226-1237) 12
4, 1.62 = 12. 1.62  (1239~1259) Excepting {1241-1253) 8
27.3.62 - 27, 4,62 1313 1
Total - Area 1 28

AREA 2.  CAPE NATURALISTE - WEST CAPE HOWE, 33°32'S., 117°37'E.

18.8.61 - 22.8.61 (572-573) '2
27.8.61 - 8.9,561 (576-578) 3
13.9:61 - 21.9.61 (581-586) Excepting 585 5
4,10,6] - 5.10.61 (1116-1124) 9
20.10.61- 8.11.61 (1201-1216) 16
4,12,61 - 19.12.61 1255 1
4, 1,62 - 12, 1.62 (1242-1253) 12
273,62 - 27, 4.62 (1309-1314) Excepting 1313 5

Total - Area 2 33

AREA 3.  WEST CAPE HCOWE - BALD I., 117°37'S., 118°38'E.

18.8.61 - 22.8.61 (545-575) Excepting 549, 550, 17

(561-570), 572, 573

13.9.61 - 21.9.61 (585-600) + 1131 Excepting (586-587) 15
22.9.61 - 2,10.61 (1111~1150) Excepting (1112-1132) 19
4,10.61 - 5.10.61 (1112-1115) 4
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AREA 3. Cont'd...

Date of Release Tag ég;gziiying RETZZEZd
10.10,61 - 12,10.6)  {1126-1200) 55
24,11.61 . 1222 1
4,12.61 - 19.12.61 1224 1
1.°2.62 = 3. 2.62 1267 1
2. 3.62 - 18, 3.62 {1281-1290) Excepting (1288-1289) 8

)
27. 3.62 - 27. 4.62 (1307-1349) Excepting two records
(1309-1314), (1319~1320) 35

28. 4.62 - 8. 5.62 (1350-2414) + 2252, Excepting 1355,
1401, 1402, 1521, 1543, 1621, 1630,
1684, 1691, 1695, (1701-2000), 2008,
2077, 2149, 2209, 2318, (2379-2400) 729

28. 5.62 - 20, 6.62 (2381-4745) Excepting 2434, 2539, 2568,
2575, (2401-2414), (2601-290C), 29C5,
2966, 3055, 3190, 3247, 3249, 3286, 3316,
3443, 3475, 3491, 3514, 3548, 3557, 3613,
3615, 3643, 3654, 3679, 3722, 3769, 3776,
3779, 3790, 3879, 3891, 3942, 3970, 4054,
. 4201, 4288, 4426, 4440, 4660 2,013

24, 6.62 - 5. 7.62 701-6624) + 2 extra Nos 4891 and 500C
duplications). Excepting 963, 1000,
1085, (1101-4049), 4881, 4905, 4981,
5116, 5228, (5601-5700), 5840, (5851-
5856), 6078, 6110, 6119, 6129, 6136,

6155, 6167, 6171, 6612 22163
Total - Area 3 5,061

AREA 4.  BALD I.

ISRAELITE BAY, 118°28'S., 125°31'E,

18. 8.6l - 22, 8.61  (549-550) 2
l. 2,62 - 3. 2.62 (1260-1266) 7
14. 2.62 - 21, 2.62 (1268-1280) 13
2. 3.62 - 18, 3.62  (1288-1306) Excepting (1290-1291) 1301 16
27. 3.62 - 23. 4.62  (1319~1320) 2
7. 7.62 - 6625 1

Total - Area 4 41
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Fig. 24.- Length frequency histogram of the L.C.Fs. of the 2+
age group of southern bluefin tuna taken by Estelle Star in
the vicinity of Albany, W.A. (West Cape Howe to Bald Island)
on Cruises 6-9 inclusive, 1962.
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Fig. 26.- Length frequency histogram of the 2+ age group of
southern bluefin tuna taken by Estelle Star in the vicinity
of Albany, W.A. (Peak Head to Breaksea Is.) in May, June and
July 1962, The data were selected to show the size composi-
tion at approximately weekly intervals.
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Fig. 27.- Length frequency distributien of southern bluefin

tuna, W.A. Data from Estelle Star cruises 1961 and 1962.

Symbols - ¥ Modal frequency of a group of 10 or more specimens.
*N Mean length of a group with no prominent mode

(N = number of specimens)
X  Individual lengths.
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