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TABLES

Regional catches of shark in W.A. (kg live) in 1949
compared with the catch of other fish and
crustacea, The shark catches are expressed as a
percentage of the total fish and crustacea catch
(T.F.C.C).

Shark species caught by commercial fishermen in
Western Australian waters. An asterisk (*) denotes
that the species is not usually sold for human
consumption in W.A,

The 1983/84 regional and total shark catches by
method are shown in tonnes live weight, Within each
region, the proportion of the catch taken by each
fishing method is shown as a percentage of the
regional catch.

Details of boat construction and eguipment in
1982/83. Data were obtained from Marine and
Harbours files.

The mean length of gillnet (metres) used per boat
and the number of gillnet boats (N) operating in
each region for the years 1975/76 to 1983/84. In
addition the actual number of boats, irrespective
of regions, is shown. The ratio D/A shows the
change in mean net length per boat for each region
over the 9 year period. The boat growth ratio (*)
is the ratio of the mean number of boats fishing in
1982/83 and 1983/84, to the mean number of boats
fishing in 1975/76 and 1976/77, ie. (C+D/A+B).

This table shows the means and ranges for: length
of gillnet or longline used or alternatively, the
number of hooks used by dropline and handline boats
in the sample encountered on the November-December
1982 field trip. Boats are grouped by region
visited and by fishing method used within each
region. As some boats use a combination of gears,
the number of different boats operating in each
region may be less than the sum of the figures
given in the 'Size of sample' column.

The numbers of boats by catch class landing shark
in W.A., and the proportion (PPN) of 'active' and
'part-time' boats in the fleet is shown for 6
selected years. Boats have been arbitrarily divided
according to their annual catch into
'part-time/seasonal' boats [those catching up to 5
tonne live weight of shark per year] and 'active
seasonal / full time' [those boats catching more
than 5 tonnes live weight per year]. Boats
catching less than 1 tonne of shark each year are
assumed to have taken this shark catch incidentally
to other target fishing operations.
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The annual numbers of longline and handline boats 51
operating in each region and the total numbers of
boats by method, irrespective of regjon, are shown.
The boat growth ratio, (G+H/E+F) see below,
expresses any trend in boat numbers over the 9 year
period computed by averaging the number of boats
operating from 2 recent years compared with 2
earlier years. A ratio of less than 1 signifies a
reduction in the numbers of boats using longlines -
or handlines in each region. Dropline boat numbers
for 1983/84 are also shown. Note that the total
number of boats operating per method and region (%)
exceeds the true number operating when boats fish
shark in more than 1 region and with more than 1
fishing method in any fiscal year.

The regional shark catch (tonnes live weight) by 52
menth for 1983/84 shows the seasonality of

landings. Peak catching months are shown by an
underline. When comparing other tables, note the
difference in catch which results from the

exclusion of skates and rays from this table.

The 1983/84 shark species catch in tonnes live ; . 53
weight by region and the total catch by all methods
for each region and species are shown.



FIGURES Page

The W A coast, divided into shark fishing regions
composed of 1 degree ABS blocks and the 200 m
contour are shown.

The total annual catch of shark in W.A., in tonnes

live weight by calendar year ( O......... o,
Fisheries Department records} and fiscal year
(o 0, ABS records) is given.

(a) The combined catch of all elasmobranch species
except skates and rays for the statistical
regions Geraldton to Esperance is shown in
tonnes live weight by histogram bars. Effort
is shown in equivalent units of gillnet Kkm.

ol Semlf b sasss— A= - o= O } and catch per unit
of effort (CPUE) is shown as kg/gillnet km.
day { & A ).

(b) The total number cf gillnet, longline and
handline boats from 1975/76 to 1983/84 are
shown, irrespective of region .

The catch of whiskery shark is shown in tonnes live
weight by histogram bars. Effort is shown in

54

56

57

equivalent units of gillnet km. days (O---==----~- -1)

and CPUE is shown as kg/gillnet km. day (&

The regions are (a} W.A., excluding Northwest and
Exmouth regions, (b) Busselton region, (c) Albany
region and (d) Esperance region for the period
from 1975/76 to 1983/84.

The catch of bronze whaler shark is shown in tonnes
live weight by histogram bars. Effort is shown in

4a)

58

equivalent units of gillnet km. days (O—- - - - - - - — a)

and CPUE is shown as kg/gillnet km. day (a

The regions are (a) W.A. excluding Northwest and
Exmouth regions, {(b) Metropolitan region, (c)
Busselton region and (d) Albany region for the
period from 1975/76 to 1983/84.

The catch of gummy shark is shown in tonnes live
weight by histogram bars. Effort is shown in
egquivalent units of gillnet km.days (GB--~-~-—-—~
and CPUE is shown as kg/gillnet km. day (A

The regions are (a) W.A. excluding Northwest and
Exmouth regions, (b) Busselton region, (c) Albany
region and (d)} Esperance region for the period from
1975/75 to 1983/84.

The partial length frequency composition is shown
for (a) whiskery shark, Furgaleus ventralis, (b)
bronze whaler shark (Carcharhinus obscurus) and (c)
gummy shark (Mustelus antarcticus ) caught in
summer 1978 and measured at the Perth metropolitan
markets. The formulae to convert partial lengths
to total lengths are given for each species in
Appendix III, pe9 .

60
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The partial length frequency composition is shown 61
for whiskery shark, Furgaleus ventralis, for (a)

spring 1984, (b) summer 1985; bronze whaler shark,
Carcharhinus obscurus for (c¢) spring 1984, (4}

summer 1985 and gummy shark (Mustelus antarcticus)

for (e) spring 1984, (f) summer 1985. The formulae

to convert partial lengths to total lengths are

given for each species in Appendix III, p 69 .

The composition of the entire 1982/83 catch (tonnes 62
live) from all fishing activities is shown for A. the
total group of 60 boats encountered on the 1982

field study, B. the 24 west coast boats and C. the

36 south coast boats. In this sample, bait species

were taken by various methods such as purse seines,
beach seines and gillnets, whereas large scalefish

were those either caught on the same gear and at

the same time as shark, or by handline on or near
grounds fished for shark.

Figure 10 shows the wholesale value of the 1982/83 63
catch of those beocats whose catch composition is

shown in Figure 9. The pie diagrams show A. the

value of the combined catches of the 60 boats from

the west and south coasts, B. the value of the

total catches of 24 west coast boats and C. the

value of the total catches of 36 south coast boats.

Mean catch per boat (tonnes live) in 1982/83 is 64
shown when the fleet of boats (which caught shark
during the year) was directed at (a) shark, (c)
rock lobster, (e) tuna, (g) bait and (i) other
species groups. Mean nominal effort (boat days as
histogram bars) and number of boats operating
(figures on top of the bars) are given for (b)
shark, (d) rock lobster, (f) tuna, (h) bait and (3)
other species groups. Only those shark fishermen
who were defined as 'active' or 'part-time' (see
definition, p32) were selected and they were placed
in method categories by the method they principally
used when fishing for shark. Bait is defined here
as salmon, mullet species, herring, scaly mackerel,
anchovy, sandy sprat, pilchard, butterfish, and
buffalo bream. 'Other species groups' includes
jewfish, mackerel, snapper, baldchin groper, Samson
fish, skipjack, crabs, prawns, squid, mussels,
abalone, and other large scalefish not defined as
bait.
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ABSTRACT

The Western Australian-based mixed gear fishery for edible
shark generally operates from Geraldton to Esperance in waters
shallower than 10 fm to a maximum depth of 100 fm. In 1383/84,
the total cateh was 1262 tonnes live weight. The total shark
eatch was taken by 158 gillnet boats, 45 longline boats and 152
handline boats. However, nearly two thirds (62%) of these
boats caught 1 tonne or less in 1983/84 and were assumed to
rely more heqvily on other target fisheries than shark.

Of the 20 or so species of shark caught in W.A., 3 specties
together comprise two thirds of the total cateh by weight.
These are whiskery shark (Furgaleus ventralis, 23%), bronze
whaler spp.(dominated by Carcharhinus obscurus, 29%) and gummy
shark (Mustelus antarcticus , ca. 11%). In some regions other
species are more important than gummy shark.

If fishing effort is mot taken into account, the trend towards
inereased annual catch tends to create a false impression of
optimism for this fishery. In fact, total fishing effort has
grown sharply in the W.A. fishery from 4048 gillnet km.daye in
1975/76 to 17170 gillnet km.daye in 1983/84, a 420% increase
since reliable effort figures first became available from the
Australian Bureau of Statisties. Gillnets, which took 90% by
weight of the total catch, aleo contributed most to total
fishing effort in 1983/84. During the period compared, the
number of gillnet boats increased from 79 in 1975/76 using a
mean length of 686 m of net, to 158 boats in 1983/84 wusing a
mean length of 1698 m of net. The maxmimum length of gillnet
used was 6500 m. Longliners set up to 12 000 m of gear. As
intra-regional competition for the limited shark resource has
inereased, so too has effort, and falling catech rates, wherever
they occur, have forced some fishermen mainly dependent on
shark to leave the industry; to purchase and set more and more
gear each year im an attempt to remain economically viable or
to place even greater pressure on other fisheries.

It is important to note that thie report is based on a
retrospective analysis of historic ABS cateh and CPUE data and
as such does contain certain biases. New research logbook data
which should enable correction of the biases have beer
collected gsince October 1985, UThese data, in conjunction with
a more intensive analysis of the historie ABS data, will help
refine estimates of catch and effort and should produce more
accurate measures of abundance for the major species in the
fishery.

The W.A. stock of whiskery shark is thought to be fully
exploited with clear regional trends of declining catch per
unit effort (CPUE) evident. For example, the CPUE for this
species has fallen well below the level of economic viability
on most grounds in the Metropolitan region. CPUE from the
fished population of mostly neo-natal and juvenile bronze
whaler shark has shown no general trend in W.A., except to
reflect a likely inerease in recruit abundance in 1979/80. In
the last 3 years, the CPUE of gummy shark, which like whiskery
shark is fished mainly as an adult, is probably also a scurce
for concern. In the Esperance region, the calculated effort on



gummy shark may have been underestimated by a significant
factor in the last 2 years. When considered together with the
underestimation of gummy shark cateh, the effect may
significantly alter the low CPUE recorded for 1983/64.

Fishing intention (targeting) by individual boats was examined
using cateh, and boat days as a measure of fishing effort.
This allowed some degree of comparison between boats within
each method category. It was shown that many shark fichermen
on both coasts depend strongly on their income from other
fisheries apart from shark, such as rock lobster or the

Shark Bay snapper fishery on the west coast, or tuna fishing on
the south coast.

Overseas experience of shark fisheries has shown that they are
prone to collapse when a single species i3 heavily exploited.
It is felt that, even in a multi-spectes fishery such as that
in W.4A., there may be serious problems with individual species
such as whiskery shark, because the general attributes of shark
populations may apply to W.A. species viz.:

(i) Low fecundity (up to 32 young/breeding female in some
species but less in many other species such as whiskery,
bronze whaler or gummy).

(2) A long parturition period (some species may breed
biennially)
{3) Slow growth rates.

(4) Exploitation across a major part of the range of the
species distribution, particularly for whiskery and gummy
shark.




1 INTRODUCTIGN

Currently two distinct multi-species fisheries focusing on
shark operate in Western Australia. In northern waters a
foreign based gillnet fleet fishes for a suite of tropical
shark and fish from the Monte Bello Is north through the Timor
Sea and beyond, whilst in cool temperate scuthern waters a
locally~based mixed gear fishery occurs from the Abrolhos Is
south and east to the W.A. border. This report is only
cencerned with the southern fishery,

Commercial shark fishing was first undertaken out of Bunbury in
1941 when Mr Nic Soulos and Mr Victor Veale used a longline in
Leschenault Inlet to catch principally 'gummy' sharks. Later
that year they were joined by two other beats. By 1942 the
Bunbury fishing fleet had increased to 6 boats and shark
fishing was conducted in the ocean waters around Bunbury as
well as in the Inlet, which diminished in importance in the
ensuing years (Whitley, 1943). During the later years of the
war, despite the lack of catch statistics for the period, it is
believed that the shark fishery extended to a number of other
centres. By 1949, the shark catch in some regions was
beginning to be significant (Table 1); it comprised 4% of the
total fish catch and up to 3% cof the total fish and crustacean
catch, 1In 1983/84 the shark catch comprised 7% of the total
fish catch, or for comparison with this early data, 3% of the
total fish and crustacean catch by weight.

The W.A. shark fishery expanded considerably between 1950 and
1970 and, apart from an anticipated problem with mercury in
shark - which caused effort and catch to drop considerably
between 1972/73 and 1975/76 - the growth of the fishery was
considered healthy. When the 1980/81 figqures from the
Australian Bureau of Statistics (ABS) became available in 1982,
they revealed a 10% fall in total catch. Later in 1982, two
fisherman were forced to leave the Metropolitan fishery due to
alleged poor catch rates and several other experienced
fishermen left in 1984. Due to the long period which had
elapsed since previous field studies, it became necessary to
look at the state of the fishery on a regicnal basis with a
field study. The following objectives were proposed for the
November/December field trip:

1z Meet and liaise with professional shark fishermen at
impertant regional centres and to discuss the state of the
fishery.

2] Issue shark research logbooks to obtain data on species

catches by number, method, region and period. This would
supplement data on catch weight already being received in
the compulsory monthly returns of commercial fisheries
production.

o Examine monthly returns from the relevant fishermen's
commercial fisheries production boocks to assess the
relative importance of shark in the total fishing income.

4. Make sea trips from ports on boats using varicus gears to
observe the impact of improved technology on the gear and
fishing methods.



5. Collect relevant biological data on important commercial
species.

The preliminary results from these objectives have been made
available to the Director of Fisheries although analysis of the
logsheet data (objective 2.) must await a significant return of
logsheets. This report gives a preliminary assessment of the
state of the fishery.up to the 1983/84 fishing year and makes
some recommendations from the results on which to base a future
management strategy for the shark fishery.

For the purposes of this report, a 'shark fisherman' is defined
as one who deliberately selects a method or fishing ground
which will allow him to catch predominantly shark for the
period during which he is intentionally engaged in fishing.
Likewise, a shark boat is defined as a fishing vessel which has
been specially fitted with gear which will allow it to maximize
its catch of shark when operating on appropriate fishing
grounds during the whole year or at certain times during a
year. Few boats are totally committed to fishing for shark for
the entire yvear but 9% spent at least 140 days fishing
primarily for shark in 1983/84.

II MATERIALS AND METHODS
A. Data Sources

Six separate sources of data have been used in the
compilation of this report.

(i) Fisheries Department files

These files have provided an invaluable source of
mainly catch data for this report. The earliest
complete shark catches on file are from the 1940°'s.
There are also some comments on species, fishing
areas and methods contained in these records.

(ii) Australian Bureau of Statistics (ABS)

This was the most comprehensive source of data
used, Routine summaries from the ABS were reworked
for the period 1975/76 to 1983/84 inclusive to
obtain catch and effort by species, fishing method
and region. The regions comprise specific
groupings of ABS statistical blocks (Figure 1}.

The analysis by region rather than by block served
twe purposes @

(a) To enable the grouping together of sufficient
records for a statistically significant
comparison among regions in the fishery;

(b} To preserve the confidentiality of

information recorded in monthly returns of
commercial fisheries production.

10
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(iii) Field study data

During the field study in November/December 1982 a
sample of 72 fishermen who caught shark were
interviewed at the ports of Esperance, Albany,
Augusta, Busselton, Bunbury, Mandurah and in the
Jurien vicinity. Information was sought about
fishing methods and operations, gear and the
relative importance of shark in the total fish
catch when targetting on species other than shark,
Opinions on the state of the fishery were obtained
from fishermen. Supplementary bioclogical
information was also collected on commercial shark
species during sea trips from Esperance, Albany and
Augusta.

{(iv) Metropolitan fish market samples

Sampling at the markets provided species
length/weight data every year from 1974 to 1978
inclusive. Size composition data for commercial
species sampled from 1978 together with data for
the 3 most important species from September 1984
and January/February 1985 (= summer 1985) market
samples were presented in this report because they
are the most recent set of data containing
sufficient measurements to have been of use. The
carcass of each shark was identified to species,
then measured for partial length and partial
weight. The partial length measurement is defined
as the straight line between the anterior origin of
the first dorsal fin (scar) and the origin of the
upper lobe of the caudal fin; or the origin of the
dorsal precaudal pit in those species in which the
pit is present. The partial weight (also called
the landed, dressed or cleaned weight) was recorded
to the nearest 0.1 kg and applies to a headed and
gutted finless carcass.

(v) Shark Research Logbook data.

Since the issue of 122 research logbocoks to shark
fishermen contacted during or after the 1982 field
study, some monthly logsheets have been returned
from most regions. The limited information
collected has, however, been used to gain a
preliminary understanding of some aspects of
fishing practice such as depths worked and details
of gear used. It is now beccming possible to
verify the accuracy of some of the ABS data from
gillnet, longline, handline and dropline boats.

Out of a total number cof 122 fishermen who caught
more than 1 tonne of shark in 1983/84, only 7 (14%)
kept logbooks. With the issue of the new bound and
simplified logbook, the research branch has made
every effort to improve upon this disappointing
figure.

| 1



(vi} Marine and Harbours Department files.

Constructional and survey data on licenced
commercial fishing boats were obtained as
computer printouts from the Department of
Marine and Harbours. These data were used to
build up a picture of the shipboard ancillary
equipment and construction characteristics of
a typical gillnet, longline, handline boat or
dropline boat.

B. Catch and Effort data.
(i) Catch.

(a) Records of annual landings of all species
combined were kept by the Fisheries Department
between 1951 and 1964.

(b) From 1961/62 to 1974/75, the ABS split landings
into the categories of 'shark' and ‘'skates, rays
and other?'.

(c) Since 1974/75, amendments suggested by the
Department of Fisheries were incorporated by ABS
to provide a more detailed account of the main
species in the 'shark' category of {b) above.
Information is now collected separately for;
whiskery shark, bronze whaler, gummy shark,
carpet shark, 'other shark' and ‘'skates rays and
other'. Because of these changes, it is not
possible to compare ‘shark' prior to 1974/75
with 'other shark'.

(ii) Fishing Effort.

The ABS files were the only source. of fishing
effort data. :

(a) Prior to 1974/75, no comprehensive
summaries of fishing effort, apart from
limited data on handline fishing, were
produced by ABS.

{b) From 1974/75, separate statistics for
effort generated by gillnets and longlines
became available. Details of fishing effort
recorded by ABS for each shark boat.
completing a monthly return include;

(1) gear length, (2) numbers of hooks or nets
used, (3) days fished per month, (4) average
number of sets per day and (5) average hours
fished daily per block per month.

The method by which these various effort
parameters are standardized into a single
measure of effort is described in Laboratory
techniques. '

12




c. Laboratory technigues

A discussion of the laboratory methods and statistical
techniques used on the data is given below.

(1)

(ii)

Catch

Catch data from the two sources (Fisheries Department
and ABS) were converted to metric units (tonnes live
weight) as necessary. For example, old Departmental
files were recorded in pounds live weight and needed
conversion. In the event, these records could be
used only to give total annual catches of shark (all
species combined).

Shark catch data from ABS for 1974/75, were
considered unsuitable for use because whilst some
fishermen continued to record in pounds, others had
changed over to kilograms earlier than expected and
did not always specify the units used on their
monthly returns. When coding, these data were
apparently treated as though all returns were in
pounds which led to a component of underestimation in
the species catches for that year.

Since 1974/75 extra precautions were taken during
coding of monthly returns to ensure that all were
recorded in kilograms landed weight. Conversion of
data to live weight occurs after summation by block,
region and/or species. The standard formula used by
ABS for all fish is:

LIVE WEIGHT (tonnes) = LANDED WEIGHT (kg) x 1.59

1000

Catch and effort data were derived for the Geraldton
to Esperance regions only because the species '
composition in the Northwest and Exmouth regions was
entirely different. Also, little shark was landed in
the various method categories in Northwest and
Exmouth regions, according to ABS records up to
1983/84.

Indices of relative abundance

When a unit stock is exploited by several groups of
vessels using different methods of capture, it has
been proposed by Gulland (1969, p53) that the catch
rate of one group of vessels be selected for use as
the best index of density, and the total effort be
then estimated by dividing the total catch from the
fishery by the selected catch per unit of effort
(CPUE) . ;

Within the shark fishery, effort is recorded
separately for each method of capture (i.e. gillnet,
longline and handline) and the assumption is made
that no vessel uses two methods of capture .

13



simultaneously. These 3 methods annually account for
nearly all of the total shark catch by weight. The
method producing the greatest catch is the gillnet,
and accordingly the gillnet CPUE is assumed to be the
best measure of density (i.e. CPUE = CPUEg). Within
each region, the gillnet CPUE has therefore been
calculated for each species and for all species
combined, by dividing the annual gillnet catch by the
gillnet effort expended to produce that catch. The
steps involved to calculate the annual CPUE for each
region, and for each species, and for all species
combined were :

For the chosen region and species

1. Calculate the annual shark catch from all
gillnet sets in that region, Cg.

2. Calculate the total gillnet effort expended to
take the gillnet shark catch for that region
Eg. :

3. Calculate the CPUE by dividing Cgqg by Eg.
i.e. CPUE = CPUEg = Cg / Eg

By now dividing the total annual catch for each
species (and for all species combined)} within
each region by the calculated CPUE for the same
species and region, an estimate of total effort
for that species and region is produced. That
is, the approach suggested by Gulland (1969,
p53) is used to determine the equivalent gillnet
effort which would be required to produce the
same total annual catch for the species as was
produced by the 3 methods combined. Following
on from previous steps, the procedure is set out
below,

For the chosen region and species :

4, Calculate the total annual shark catch for the 3
major methods for that region, Ct.

5. Divide the calculated CPUE for the species,
within that region, into Ct, to produce an
estimate of the total annual effort, Et,
corresponding to Ct.

f.e. Et = Ct / CPUE

The effort for each species was then summed over all
regions to produce an estimate of total effort for that
species.

Effort estimates produced for each species within a region
will vary slightly because the achieved catch rates for
each species reflect natural variation about a mean value
associated with the density of shark within a region.

14



Similarly, the best single measure of the total annual
effort for all species combined is that calculated using
the combined species, rather than the sum of the total
efforts calculated for individual species. This is because
the effort on one species is not independent of the effort
on the other species.

Fishing effort has been independently calculated for each
species with the assumption that there was no annual trend
in fishing effort directed at one particular species -
even though seasonally directed fishing is likely to
occur. A degree of species target fishing is achieved by
the selection of appropriate mesh size and fishing
grounds. Although in general the number of days fished by
gillnet boats for each species was the same, when
different quantities of fishing effort were recorded for
different shark species on a monthly return, then the
largest effort figure was used in the total CPUE
calculation.

The ABS catch data in this report have provided a useful
description of both the regional and total shark catch in
Western Australia but were less satisfactory for
estimating relative abundance of individual species. In
this respect the data should be treated with caution as
they contain certain biases identified below.

Some fishermen do not split their shark catch into
separate species but lump the catches of all species under
the 'other shark' category. This applies to all regions,
but in the Esperance region, it is thought up to half the
'other shark' category may be comprised of gummy shark.
Such a recording bias would cause the reported gummy shark
catch to be underestimated by up to 50%. If the
proportions of different species in the 'other shark'
category for the Esperance region remain similar from year
to year, and the proportion of each species in this
category combined for all regions, alsc remains similar
from year to year, then the direction of the trends shown
in the catch and CPUE graphs will be correct, respectively
for Esperance region gummy shark and for Western
Australian gummy shark but the magnitudes shown will
underestimate the true values.

The effort statistic is defined here as a product of net
length and days fished (i.e. gillnet kilometre,days}.
Although different species of shark may behave differentily
throughout a 24 hour period, this could not be taken into
account in the effort formula because fishemen's records
do not contain the necessary information.

To refine the final data set before computation, the
computer was asked to define as valid only records

for which the stated gillnet length exceeded 30 m to
eliminate invalid and amateur net lengths from the data
file.

In the calculation of fishing effort, it was alsc assumed
that fishermen set their nets once per 24 hours. However,

15



in the Esperance region of the fishery, 'seasonally
active' boats have been working 2 sets per 24 hours in
recent years. Unfortunately, some of the data have not
been recorded correctly (see Appendix 1) . Thus Esperance
region effort is likely to be understated by an unknown
amount.,

ITT DESCRIPTICN OF THE FISHERY
Species

Many species ¢©f shark are caught in Western Australian
waters by professional fishermen. The more commonly
caught species are listed by family groups in Table 2.
Those species usually of little commercial importance are
shown by asterisk. This report deals only with the 3 most
important species viz.; whiskery, bronze whaler and gummy
shark in the southern W.A. fishery. For these species it
is assumed that: shark recorded as gummy shark relates
only to one species Mustelus antarcticus. Shark recorded
as bronze whaler relates principally to cone species,
Carcharhinus obscurus, but small numbers of another
whaler, the copper shark, C.brachyurus, are present in
bronze whaler catches. Shark recorded as whiskery shark,
Furgaleus ventralis, relates only to one species in W.A,.
Whiskery and bronze whaler shark are more abundant in west
coast catches whereas gummy shark become progressively
more important on the south coast, east of Walpole. A
species CPUE should be considered to be a reliable measure
of relative abundance only when it is representative of a
single unit of stock of the species. Regional CPUE
figures, whilst they represent trends, cannot be
considered to be as meaningful as those figures applying
tc the entire W.A, fishery for a species, because cof the
likely movement of stock between regions and into
deepwater beyond the range currently fished. There are
also difficulties in adjusting catching power between
boats within and between regions so that the fishing
effort can be expressed as effective rather than the
nominal effort used.

Regions

Since 1982, the W.A. coast has been divided into 7 regions
for the convenient analysis of the catch statistics (Fig.
1) . These coastal regions are comprised of grcups of 1
degree fishing blocks designated by the ABS. Each block
is specified by a 4 digit number representing the flanking
latitude and longitude at the top left-hand corner of the
block. The major fishing ports and anchorages within these
regions are:

Region 1. WNorthwest no significant shark fishing

ports yet.
Region 2. Exmouth ~ Port Hedland, Exmouth.
Region 3. Geraldton - Geraldton, Dongara {29°14's
114°56'E)



Region 4. Metropolitan - Jurien, Cervantes (29°14'S
114°33'E), Greenhead (30°04'S 114° 58'E),
Two Rocks (31°30'S 115°36'E), Fremantle
(32°04°'S 115°45'E) and Mandurah (32°30'S
115°42'E).

Region 5. Busselton - Bunbury, Canal Rocks (33°39'S
115°E), Cowaramup Bay (33°51'S 114°59'E),
Kilcarnup (33°57'S 114°59'E), Hamelin Bay
(34°13'S 115° 01'E) and Augusta (34°19'S
115°09'E) .

Region 6. Albany -~ Windy Harbour (34°50'S 116°E) Walpole
(34°58's 116°43'E) and Albany.

Region 7., Esperance ~ Hopetoun (33°57'S 120°07'E},
Esperance and Mundrabilla beach (32°10'S
127°43'E) .

Fishing methods, boats, gear and techniques.

(1) Methods

There are 3 main methods by which sharks are caught
viz., gillnets, longline and handlines plus several
minor methods. The principal capture method from
the inception of the fishery and through the 1950's
was longline, Multifilament gillnets (or ragnets,
as they became popularly known) started to replace
longlines in the late 1950's., With the introduction
in the early 1960's of monofilament gillnet - which
has all but replaced multifilament gillnet - net
fishing has become the most important method for
the capture of shark. According to the ABS data,
the minor methods include droplines, trawling,
shark caught in rock lobster pots and fish traps,
trolling and shark caught incidentally to beach
seining operations for salmon.

In 1983/84, the 3 main methods produced a total
catch of 1250 tonnes live weight (99% of the total
W.A. catch). Gillnet toock 1115 tonnes (88%),
longline took 87 tonnes (7%) and handline took 47 t
or 4%, (Table 3). Thus gillnets are the most
important method in all regions except at Exmouth
where handline catches account for 60% of that
region's catch. In the Albany region, a higher
proportion of the catch, 31%, is taken on longline
than in any other region. The most important minor
method was dropline which took about 6 tonnes or
0.5% of the total catch (Table 3). Only the 3 main
methods plus droplining will be covered in respect of
gear details, any fishing strategies used and the
types of boats and their equipment.

{(ii) Boats, gear and techniques

In the pericé from 1976 tc November 1982, the
following improvements have been noted for shark
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boats, gear and fishing techniques :

1,

2.

Sharp rises in the cost of diesel have produced
a greater emphasis on fuel economy, with changes
in design of hulls to reduce drag, fuel
efficient propellers, and increased use of sails
becoming evident on the older 'rock lobster!
type of vessels, to improve fuel efficiency and
assist the main engine.

Limited use of colour echo sounders to allow
better discrimination of bottom topography and
hardness. ;

More radar sets have been installed to improve
positioning of boats on fishing grounds and

to assist with locating nets at night or in
rough weather, Usually 1 or more net fleets
have a radar reflector attached to the Dahn
buoy. .

(a} Gillnet fleet

Within the last 5 years, boats which are
specifically or principally designed to
catch shark using gillnet, have entered
the fishery. As equipment continues to be
upgraded, the gear now considered to be
standard for gillnet boats includes :

1. net reels and spreaders,

2. bow or beam rellers to recover nets,

3. heavier duty winches and gearing to
enable more net to be set and lifted
from deeper water and

4., wash wells and brine tanks or freezer
space; especially on boats which have
caught tuna.

Gillnet boats, especially on the south coast
Bast of Albany, now tend to set their
gillnets for shorter periods to improve the
gquality of the product and reduce losses from
damage to caught fish by sea lice and
leatherjacket attack. This method is adopted
from the standard operating procedures for
longliners.

In 1983/84, 158 boats used gillnets. Details
of boat construction for the gillnet fleet
are given in Table 4. Using mean values to
describe the average gillnet boat, it would
most often be constructed of bondwood, have a
hull 11.4m long and a gross weight of 12.5
tonnes. The main engine would have a power
rating of about 132 kW. The boat would be
equipped with an echo sounder and may have
radar (about one third have radar). The usual
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level of manning would be 2 crew including
the skipper.

Two sources of data have been used to
calculate the mean lengths of gillnet
operated by the total W.A. gillnet fleet and
its regional components. The more accurate
estimate of mean length of gillnet is
provided by the ABS in Table 5. PFor 19%83/84,
the mean gillnet length for the W.A. gillnet
fleet was 1659m. Data on regional mean
gilinet lengths were also derived on the
Nov/Dec 1982 field study (Table 6). The data
in Table 6 thus comprise a subset of the mean
gillnet lengths for each region shown in
Table 5. In the following figures, mean
lengths from Table 5 for 1982/83 are shown
first and compared with the mean lengths
derived from interview data on the field
study (lengths shown from Table 6 in
brackets). The respective mean lengths for
the 4 regions where compariscon is possible
were 1301m (1200 m) for the Metropolitan
region, 1893m (2100 m) for the Busselton
region, 1532m (1300 m) for the Albany region,
and 2949m (4200 m) for the Esperance region.

Although the data obtained during the field
study were generally derived from much
smaller samples of boats, the mean gillnet
lengths {except Esperance) are in reasonable
agreement with the ABS data, especially when
the small sample sizes for Metropolitan
region {8 boats out of 41}, Albany region (6
boats out of 36) and Esperance region (11
boats out of 21) are considered.

From a small logbook sample, the mean mesh
size used by gillnet boats was 7", with a
range of meshes from 5.5" to B8.5" being used.
Boats which kept logbocks set gillnets for
9.9 hours per day on average (range 1-24
hours), however this mean is not
representative of regional operations such as
at Esperance. Those gillnet sets which exceed
9 hours duration are usually made overnight
whilst those of shorter duration usually occurred
over night. There ar insufficient data on
depth zones fished to estimate mean depth and
depth range fished, although it is known that
only longline boats can easily currently
operate deeper than 100 fm.

General comments from net fishermen
indicated that they could alter the desired
species composition of their catch by
selecting fishing ground and bottom type
within the constraints of season and depth
range able to be fished. For instance, it
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(b)

was widely believed by gillnet fishermen that
whiskery shark catches were better over rough
'coral' or rocky bottom. Bronze whaler and
gummy shark were more likely to be found on
sand or soft bottom and wobbegong shark kept
a territory around reef. A boat rotated its
area of operation every day or so,as fishing
on the same ground tended to reduce catch
rates and this practice enabled it to keep up
with a moving school of sharks. Most nets
were weighted so that they fished at or near
the bottom. About 23% of boats which caught
less than 1 tonne live weight of shark per
year used gillnets, as did 79% of boats which
caught between 1-5 tonnes per year and 91% of
those which caught more than 5 tcnnes
(footnotes, Table 7).

Longline Fleet

During the ¢ year span of data shown in Table
8, the proportion of longline boats decreased
from 16% of the gillnet, longline and
handline fleet in 1975/76 to 13% of that
fleet in 1983/84, although during the same
period, the actual number of longline boats
in the shark fishery increased from 32 to 49
(Table 8). Approximately 10% of vessels which
caught less than 1 tonne live weight were
using longlines; 10% of those which caught
1-5 tonnes and 7% of those which caught more
than 5 tonnes of shark were also longline
boats ({(footnotes, Table 7). Dimensions and
constructional details of longline boats are
given in Table 4. The most commonly
encountered hull material was bondwood.
Longline boats had a mean length of 11.3m, a
mean gross weight of 11.4 tonnes and a
slightly more powerful engine (of 145kW) than
that of gillnet boats. The average longline
boat was manned by a crew of 2 including the
skipper and equipped with an echo sounder. It
was more likely to have a radar unit (62% of
the sample of 25 boats, Table 4) than a
gillnet boat.

The only reliable source of data available to
calculate longline gear parameters was
collected during the 1982 field study (Table
6) . When the regional figures for longlines
were combined from Table 6 for Metropolitan,
Busselton, Albany and Esperance regions, it
was found that the mean longline length was
6800m. Using the normal spacing of ca. 7m
between hooks, this length of gear would
contain about 970 hooks. From limited
logbook data, longline boats operated at an
average depth of 23.9 fm (range 7-50 fm}.
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(c)

(d)

Gear was set for 2-~18 hours; 9.3 hours on
average,

Various baits were used depending on seasonal
availability. These included; herring, sea
mullet, pilchard, octopus, squid, parrotfish,
yellow-eye mullet, scaly mackerel and tuna.
Qualities sought from the bait were its
retention on a hook, odour and oiliness.
Molluscan bait was often preferred for its
enhanced retention. Longlines were favoured
by the boats which used them because they
provided an economic method of catching.

When set, longlines were weighted and buoyed
at regular intervals to reduce losses of gear
from sharks biting through the mainline.
Longlines may be rigged to fish near the
surface, in mid-water, or at the bottom but
in the southern temperate fishery they were
exclusively set near the bottom.

Handline Fleet.

In 1983/84, 152 boats used handlines to catch
shark. Many boats also used handlines as a
supplementary method, either to gillnetting
or longlining, but not at the same time as
they used the former. From Table 4, the
average handline boat fishing for sharks was
12.3 m long and weighed 11.3 tonnes. Its
main engine was rated at 151 kw on average.
It had an echo sounder and 36% of the boats
were equipped with radar. A handline boat
commonly used 2 lines, but may have used up
to 6. Approximately 53% of the vessels which
caught less than 1 tonne live weight of shark
per  year were handliners and 9% of those which
caught 1-5 tonne per year, but only 2% of the
those boats that caught more thamn 5 tonne of
shark per year were handline boats. The
average depth fished was 25 fm (from
logbooks), usually near lumps or over broken
bottom. Baits commonly used were herring,
mullet, parrotfish or tuna. Although it was
a cheap method to use, handlining could not
produce catch rates which were competitive
with longliners or gillnet boats. Advantages
were that handlines could be used in depths
beyond the reach of many gillnet boats, and
were cheaper to rig than a longline.

Dropline Boats.

In 1983/84, 22 boats used droplines to

catch mainly fish and some shark (Table 8),
compared with about 8% (6 boats) of the 72
sampled in the 1982 field trip. When field
trip data were combined with logbook data it
appeared that dropline boats set between
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30-150 hooks (up to 25 hooks/line).
Droplining however, was still a minor method
when compared with the catch taken by
gillnets, longlines orx handlines, but was
rapidly growing in importance. Although
dropline catches contributed a small fraction
to the total shark catch at .present, (6
tonnes in 1983/84) it was expected that this
method would make a more significant
contribution in the years to come,

Seasons and fishermen

Table 9 shows total shark catch by region and month for r
1983/84 (ABS data). The seasonality in catch, due to
seasonally changing patterns of effort and shark abundance
in each region indicated that :

i, For Geraldton region, the catching period is not well
defined, but appears to occur in spring, summer and
early winter;

25 for Metropolitan region, the peak catching periods
are spring, early and late summer, early autumn and
early winter;

3t for Busselton region, the peak catching periods are
spring, early and late summer and autumn;

4, for Albany region, the best period was October;

Sl whereas for Esperance region the peak catching
periods occur in summer, early autumn and winter.

These data could be interpreted using seasonality of
fishing effort by 'part-time' shark boats. For example,
on the west coast 'part-time' boats may have been engaged
in other fisheries such as rock lobster, line fishing for
jewfish or snapper, trawling for prawns or trapping or
droplining in northern regions. South coast shark boats
may also have been engaged in salmon fishing, estuarine
gillnetting, handlining or tuna fishing; or abalone
diving, off season to fishing for sharks.

Thus few boats in the shark fishery spent the entire year I
directing fishing effort on shark and its scalefish by -

catch. A large proportion of professional fishermen

engaged in shark fishing did so either on a seasonal or

part-time basis (Table 7).

Transport and Marketing of the catch.

Catch disposal operated differently in the Metropolitan
region (¥Fig. 1) than in country centres. In the former
region, the major wholesaler was Perth metropolitan
markets and fishermen using this outlet usually
transported their own catch to this market. This even
occurred when fish were not caught off the Metropolitan
region but as far away as Augusta in the south or Dongara
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in the noxth. Ten or so years ago, a considerable number
of shark fishermen used the railway system of train/road
haulage from Bunbury, Albany, Esperance and Geraldton.
The service was later abolished by Westrail. Fishermen
despatching from these areas now tended to use trucking
companies on which they could rely for safe, speedy,
delivery to the point of sale.

Daily sales are made by an auction system organized at the
major markets. The principal buyers are fish shop
proprietors who bid against one another and the major
wholesalers. The wholesalers fillet shark for resale at
retail price levels to hotels, seafood restaurants and
other outlets. Smaller qguantities of shark are also
bought directly from fishermen by individual fish shop
owners.

In regional country centres such as Esperance and Albany,
there were several shark buyers who purchased large
gquantities for reselling to W.A, agents and wholesalers or
retailers in Melbourne, N.S.W. and S.A. Some of these
buyers were also shark fishermen.

From Esperance, some shark was sold locally to cater for
local demand and the tourist trade and significant
quantities of fresh shark and fish were also taken to
population centres of the hinterland region such as
Kambalda, Coolgardie and Kalgoorlie, Norseman and Southern
Cross. In centres such as Bunbury, Busselton, Albany and
Geraldton, more of the shark caught was sold directly to
local fish outlets than was sold in the Metropolitan
region. In the Metropolitan region, a large part of the
shark caught was sold to major markets which required
consistent supply due to their large turnover. Most of
the shark which was delivered to the Perth Metropolitan
Markets was chilled on layered ice, however, large
deliveries from distant sources usually arrived frozen.

IV. STATE OF THE FISHERY.
General

The total annual catch of shark in the W.,A, fishery has
shown a steady increase with some fluctuation, such as the
period between 1972/73 and 1974/75 when adverse publicity
following the discovery of mercury in some Australian fish
including sharks, caused a period of uncertainty in the
fishery (Figure 2). At that time, there was a decrease in
effort and subseguent catch., The trend lines fitted
through the annual catches in phases 1 (1961/62-1972/73)
and 2 (1972/74-1983/84) (Fig. 2) show that the landings
have increased at a greater rate in phase 2. 1In 1983/84,
the total catch of shark was 1262 tonnes live weight, a
rise of 9% from the 1982/83 catch, although it did not
exceed the record catch of 1328 tonnes live weight in
1981/82. Figure 3a shows catch for all species except
skates and rays, fishing effort from gillnet, longline and
handline methods combined only and CPUE for the southern
fishery for shark ie. the Geraldton to Esperance regions
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inclusive. Skates and rays have been excluded as they are
a minor component of the total catch in these regions and
the species change between regions. The graph shows that,
in response to increasing effort between 1975/76 and
1983/84, total catch also increased, although it has
levelled out somewhat since 1979/80. CPUE has fluctuated
between 72 and 153 kg/gillnet km.day but in 1983/84 was at
its lowest over the period examined.

A number of factors influence the level of total fishing
effort, the more important of which are known to be: (a)
the number of boats operating in the fishery; (b) the
period for which the gear is fished for each set; (c¢)
changes in the amount of gear (length of nets or number of
hooks) being used; (d) the fishing power of the
boat/skipper/gear combination; and (e) the proportion of
bad weather days within the fishing season/year, which
will differ for different sized boats. Figure 3b shows
changes in the number of boats catching shark by gillnet,
longline or handline. There has been a nett growth in
numbers of boats, using each method, between 1975/76 and
1983/84. 1In 1983/84 there was a ratio of about 3 gillnet
and 3 handline boats operating for each longline boat.
Since 1979/80, the number of gillnet and handline boats
has levelled off and the number of longline boats has
declined slightly. To express the changes in hours fished
and amount of gear worked as a single measure of fishing
effort by boats using different catching methods, gillnet
boats were selected from the total shark fleet, not only
because this method takes most of the catch, but also
because it provides the best opportunity for comparison
between regions.

Table 5 shows the number of gillnet boats operating
annually in each region of the fishery together with the
mean length of net set per region each year since 1975/76.
All regions have experienced an increase in the mean
length of net set. For example, among the more striking
increases in mean net length between 1975/76 and 1983/84
were: 608m to 1554m in the Metropolitan region; 622m to
1692m in the Albany region; and 618m to 2582m in the
Esperance region. This increase was also indicated by the
ratio of the mean net length in 1983/84 to the mean length
in 1975/76 which showed that between these years it
increased, almost 3~fold in Geraldton, Metropolitan and
Albany regions and 4-fold in Esperance and Northwest
regions (Table 5).

There has also been an increase in the number of gillnet
boats operating in each region. The largest growth in
numbers of gillnet boats was shown in the Geraldton region
(an increase from 4 to 19 boats), producing a boat growth
ratio of 6.2 (Table 5).

From Table 8 it is apparent that there have also been
increases of 150% and 160% respectively, in the number of
boats working longlines and handlines. Of this group of
boats, many returned only an incidental catch of shark for
the year (footnotes, Table 7). Nevertheless, 7 handline
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boats and 28 longline boats caught more than 1 tonne live
weight of shark during the year.

Some information was available on the amount of gear used
by longline, handline and dropline boats. This was
determined by interview during the 1982 field trip (Table
6) . Although there were small numbers of boats providing
data for some of the categories in Table 6, the limited
comparisons which can be made with ABS data for 1982/83 on
the mean net lengths being operated in Metropolitan,
Busselton and Albany regions {(Table 5), show reasonable
agreement with the means of 1982 data (Table 6). From the
sample of 23 longline boats (Table 6), the mean length of
longline set was estimated to range from 1700m for
Metropolitan region and increased southward to 9900m for
Esperance region. Insufficient handline boats were
sampled to warrant comment, but the 9 boats who were
working or intended to work droplines used between 30 - 72
hooks (Table 6).

Species

Table 10 shows the total catch by species and the combined
species catches for the different regions into which the
coastal shark fishery has been divided. The category
'other shark' is used for those fishermen who do not split
their catches into individual species before sale. It
would therefore have contained varying proportions of the
3 major species depending on region. As a result, these
species are underestimated by region and year. According
to Table 10 however, the 3 most important species are
bronze whaler (29%), whiskery (22%) and gummy shark (more
than 11%). It is thought that although these percentages
are conservative, the relative proportions would not
change greatly as they were likely to be similar in the
'other shark' category.

Geographic distributions of these species in W.A. are
incompletely reflected in the regional catch figures of
Table 10. For example, the W.A, distribution of whiskery
shark (Furgaleus ventralis) is from Exmouth to Esperance
and the species is found to a depth of 160fm, at least on
the west coast of W.A (Heald, unpublished)}. Bronze whaler
(Carcharhinus obscurus) is distributed throughout W.A.
waters to at least 100fm (Heald, unpublished) and gummy
shark (Mustelus antarcticus) is found from the Geraldton
region to Esperance to a depth of at least 120fm on the
south coast and west coast (Heald, unpublished), although
it is not known how the density of the stock varies with
depth outside the depth range currently fished.

{i) Whiskery shark

In Figure 4(a-d), a comparison of the total W.Aa,
whiskery shark catch, effort and CPUE was made with
that for Busselton, Albany and Metropolitan
regions, In W.A. waters, the fishery for whiskery
shark was based mainly on the adult stock and
juveniles were poorly represented in catches taken by
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the various gears. Whiskery shark landings for
1983/84 were 282 tonnes which was 22% of the total
catch of all species (Table 10). Esperance region's
catch data for whiskery shark (more than 75 tonnes,
Table 10) was not included in the comparison because
significant catches of this species were mixed with
gummy shark when sold. The mixed whiskery/gummy
catches subsequently recorded as 'other shark' on ABS
monthly returns have been largely from this region,
and the high proportion of this type of mixture in
'other shark' has resulted in a greater underestimate
of the whiskery shark catch from Esperance, than frem
other regions. Fig. 4(a) showed that catch has alsc
increased in response to increasing fishing effort
for whiskery shark in W.A. The CPUE has varied
between approximately 18 and 55 kg/gillnet km.day
from 1975/76 to 1983/84 although the amplitude of
these fluctuations has increased in recent years. The
CPUE was at its lowest in 1983/84.

(a) Busselton region

About half of the total W.A. catch of whiskery
chark came from Busselton (Fig. 4b, Table -10) in
1983/84 and about one third of the total fishing
effort on whiskery shark was expended in this
region, working primarily lightly exploited
grounds. In 1983/84 the CPUE fell below the
previous 8 year average in the Busselton regicn
(Fig. 4b). Fishing effort has continued to grow
since 1979/80, partly due to the entry of 2 new
large boats and 1 older but highly efficient
chark boat into the fishery in this region. A
large part of the 1increase in the catch between
1979/80 and 1980G/81 can be attributed directly
to these boats alone. Whiskery shark comprised
about 44% of the shark catch for Busseltorn
region (calculated from Table L0k

{b) Albany region

The Albany whiskery shark catch of 38 tonnes in
1983/84, was the lowest of all regions compared
and the CPUE of 15 kg/gillnet km.day was equal
to the average for W.A. and similar to the
Metropolitan region's CPUE. Whiskery shark
comprised at least 20% of this region's catch
and the region contributes about 14% to the
total W.A. catch of this species (from Table
i0).

(¢} Metrcpelitan region

Good catch rates of whiskery shark are no longer
experienced in the Metropclitan region. Despite
large increases in fishing effort, particularly
in recent years, the whiskery shark catch has
remained relatively static at 30-60 tonnes
between 1978/79 and 1983/84 (Fig. 4d) . During
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(i1)

that time the CPUE has continued to fall to a
level where it has now become unprofitable for
boats to concentrate on whiskery shark. The
CPUE was 18 kg/gillnet km.day in 1983/84. Verbal
advice from the few remaining fishermen (April
1985) suggested that whiskery shark were then
very scarce in that region. Boats have been
placed on the market and at least 3 fishermen
have left the shark tishery. The whiskery shark
component from the Metropclitan region made up
19% of the region's combined species catch, but
used to comprise at least 34% about 9 years ago.

Bronze whaler shark.

Catch, effort and CPUE for bronze whaler shark are
given in Figure 5. It is assumed that shark of
this species caught within the 3 regions shown form
a unit stock of Carcharhinus obscurus. As bronze
whaler is less important in catches in the
Esperance region, it has been excluded from this
data set. The bronze whaler fishery between
Geraldton and Esperance is based almost entirely on
juveniles and is heavily dependent on annual
recruitment, particularly in Metropolitan,
Busselton and Albany regions. The magnitude of the
catch is thought to reflect recruit strength in any
one year. ;

In 1983/84, a record bronze whaler catch of 361
tonnes live weight was taken. It comprised 29% of
the total state catch (Fig. 5a, Table 10). 1It's
magnitude was thought to be both a function of the
large effort rise in the overall fishery and an
enhanced catchability of bronze whaler shark in the
warmer current off the W.A. west cocast reported by
fishermen in 1984,

In the 3 most recent years shown in Fig. 5a, the
catch rate has fluctuated around 20 kg/gilinet
km.day, following a high value in 1979/80 (Figs 5b,
5c and 5d), which was thought to reflect the high
recruit abundance at that time in those regions.

{a) Busselton region,

Approximately 50% of the W.A. catch of bronze
whaler was taken in the Busselton region for
one third of the total W.A., fishing effort.
Effort has steadily increased on this species
since 1975/76 (Fig. 5b). CPUE has varied
considerably since 1979/80.

(b) Albany region.
Bronze whaler catches at Albany, which have
varied slightly since 1980/81 (¥ig. 5c¢),

account for about 11% of the total State
catch (Table 10) but 22% of the Albany catch
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(iid)

in 1983/84. The fishing effort in 1983/84
was about 2000 gillnet km.days (Fig. 5c¢), and
has risen only slightly in the 9 year period.
CPUE is similar to the W,A. average for the
species.

(c) Metropolitan region.

The 1983/84 catch of bronze whaler for this region
was 103 tonnes or about 30% of the W.A. catch ( Fig.
5 d, Table 10) and 34% of this region's total catch.
In the 9-year period since 1975/76 shown in Fig. 54,
fishing effort has grown 8-fold. The CPUE for bronze
whaler in the Metropolitan region {(Fig. 5d) has
remained near the average value for W.A. (Fig 5a), in
the 3 most recent years on the graph.

Gummy shark.

Figure 6 shows the catch, effort, and CPUE of

gummy shark, Mustelus antaracticus for Western

Australia, Busselton, Albany, and Esperance regions. On
a State basis, gummy shark comprised at least 11% of the
total catch of shark (Table 10), but its proportion in
the catch within each region was quite variable. The
Metropolitan region, which probably contributed less than
3% to the total catch of this species in W.A. has been
omitted from this data set. It had previously been
assumed that for the 3 regions compared in W.A. the data
related to one unit stock, which was distributed in
Australia between the Houtman Abrolhos Is and Bass
Strait. However, evidence has recently become available
tc suggest that there are in fact at least 3 species of
gummy shark in Western Australian waters viz. Mustelus
manazo (Gloerfelt-Tarp and Kailola 1984 & Heald,
unpublished), an undescribed plain bronze form (i.e. no
white spots) from the Abrolhos Is, caught in 22fm (Heald,
unpublished} and a form of gummy shark which Whitley
(1945c) described as Emissola ganearum. Whitley stated
that this Western Australian form or 'race' of the gummy
shark was completely different from the Victorian form in
that the W.A. form lacked uterine partitions, had
differently marked juveniles in utero and grew to a much
larger size than Mustelus antarcticus, and hence properly
deserved the new species name. This important finding
needed to be further investigated. Hence in October 1985,
a detailed study to differentiate between stocks began
using gel electrophoresis, vertebral counts and a
therough documentation of the reproductive anatomy and
biology. As with other species, fishing effort on gummy
shark has been increasing since 1976/77. Catch, in the
same period, increased until 1%81/82, but fell to 137
tonnes in 1983/84,

(a) Busselton region.
Busselton's gummy shark catch has not exceeded 12

tonnes in the last 9 years (Fig. 6b). The low
catches have occurred with an increase in the fishing
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(b)

{c)

effort, particularly since 1979/80. 1In 1983/84,
effort had increased 4-fold on its 1975/76 value and
has doubled since 1981/82. CPUE, which was about 1
kg/gillnet km.day in 1983/84 is now at its lowest
ever level. There is alsc evidence to suggest that
changes have occurred in the relative abundance of
the gummy shark population which decreased
significantly between 1943 and 1979 in Geographe Bay.
This is discussed in detail in Appendix 2.

Albany region.

The gummy shark catch for Albany in 1983/84 (Fig.
6c), remained around 40 tonnes live weight, slightly
below the previous year's catch. About one quarter
of the total W.A. catch of gummy shark was taken from
the Albany region, and at least 14% of the region’s
catch was gummy shark (Table 10). If significant
amounts of Albany's 'other shark' catch of 50 tonnes
are sent to Melbourne then it is likely that the
shark sold would be mainly a mixture of whiskery and
gummy shark. Consequently the Albany gummy shark
catch may have also been underestimated and the CPUE
figure may have been conservative. Effort has been
rising since 1979/80 but no significant trend in CPUE
has emerged.

Esperance region.

Esperance region supplies over 66% of the total W.A.
gummy shark catch; a landing of 86.5 tonnes live
weight was reported in 1983/84 (Table 10). Gummy
shark is thought to comprise up to half the total
number of shark caught by gillnets in this region. A
significant underestimation of that catch occurs due
to the common practice of mixing gummy shark and
whiskery shark together (approximately 50:50) for
Melbourne market requirements, and recording these as
'other shark'. Similarly, it would be difficult to
accept the Esperance gummy shark CPUE figures which
differ somewhat due to underestimation of the
reported catch and effort in this region. Catches of
gummy shark at Esperance remain at high levels and
have accounted for much of the total W.A, catch of
this species since 1978/79 (Fig. 6d). Effort has
increased 8-fold since 1975/76. It has been stated
by Esperance fishermen that the effort figures for
the last 2 years at least may be underestimated by a
factor of up to 2 for some of them, due to the false
assumption of 1 set per day. Thus the true CPUE may
differ either way from the calculated value of 20
kg/gillnet km.day. The direction of the bias in the
true value cannot be accurately calculated from the
current data because of the underestimation of the
catch and the relative inconsistencies of recording
effort data {see Indices of relative abundance (p15).
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Size composition of commercial shark.

Sampling for length and weight composition of the species
catch was undertaken from 1974 until late 1278 and
recommenced in September 1984 at the Metropolitan markets.
However, only data from 1978, September 1984 and summer
1985 have been used in this report. This is because there
is an unknown longevity associated with each of the 3
commercial species and it is therefore difficult to
predict whether year classes measured would still be alive
in the present fishery. Data collected at these markets
before September 1984 are also of limited use because mesh
size used for capture cannot be associated with the
measurements. These markets sell a greater proportion
(30%-60%) of the total shark catch than any other
wholesale ocutlet and therefore provided an economic
opportunity to sample some of the lower west coast and
southwest coast catches. Considerable regional bias
occurs in the receivals of shark at these markets. A
larger part of the catches of the Busselton, Albany and
Metropeolitan regions is sold directly to local outlets
than catches delivered to the Metropolitan markets from
the other regions. Little of Esperance region's catch is
sold at the Perth metropolitan markets - most is exported
inter-state. Length frequency histograms are shown in
Figures 7 and 8. It is expected that biases in size
composition will occur at the metropolitan markets due to
differences between the sizes of shark sold there when
compared with those sold elsewhere. Likewise, mesh
selectivity will exert a variable effect on measured
length composition when suppliers use different mesh
sizes.

The partial length/partial weight regressions are
constructed from unpublished data (D.I.Heald) but the
partial length/total length regressions are based on catch
sampling by D.I.Heald from 1973-1975, presented in
Hancock, Edmonds and Edinger (1977). These are given in
Appendix 3.

(1) Whiskery shark.

The partial length distribution of whiskery shark
for combined males and females had a single mode of
67 cm in late 1978 (Fig. 7a). The mean partial
weight at the mode was 6.5 kg. There were also 2
very small sharks, about 22 cm in length which did
not belong to the main modal group. In September
1984 (rig. 8a), the total length at the mode was 62
cm, based on 1136 whiskery shark from combined regions
with an overall corresponding mean partial weight
of 5 kg from 263 measurements. In summer 1985, a
unimodal distribution for whiskery shark was also
observed with a mode again at 62 cm.

{ii) Bronze whaler shark

There were 3 distinct modal groups present in the
combined male and female partial length frequency




distributions cf bronze whaler shark in late 1978
(Fig. 7b). Using the statistical separaticn
routine NORMSEP (Cohen, A.C. in Abramson 1971}, it
was possible to separate these 3 groups and
calculate the mean, variance and numbers of shark
in each. Group 1, with a mean total length of 44
cm, contained 74% of the sample; group 2, with a
mean total length of 68 cm, contained 21% of the
sample whilst group 3, with a mean total length
estimated to be 85 cm, contained 5% of the sample.
The mean partial weights asscciated with the 3
groups were 4.7 kg, 15.2 kg and 28.5 kg
respectively. The distribution was positively
skewed (Sk = 0.758) due to the presence of the 2
larger groups. The overall mean partial length for
the distribution was 51.2 cm and the mean dressed
weight was 7.0 kg. In September 1984 (Fig. 8c), the
mean partial length of 505 bronze whalers measured
at the markets was 47 cm and the associated partial
weight was 6.8 kg (198 measurements) . In the summer
of 1985 {(Fig. 8d), a unimodal distribution of 816
shark, with a mode at 42 cm was found. Almost no
shark larger than 62 cm were found in the summer
1985 market sample, a few larger than that size
were found in spring 1984, whereas a significant
proportion of the summer 1985 sample was larger
than 62 cm in partial length.

(iii) Gummy shark

The length distribution measured in late 1978 for
combined male and female gummy shark had a single
mode, close to the mean, of 68 cm (Fig. 7c¢). The
mean partial weight was 5.7 kg. The distribution
of lengths had a slight positive skewness (Sk =
0.396). 1In September 1984 (Fig. 8e), the mode was
57 cm; the mean partial length was 60 cm (42
measurements) and the associated mean partial
weight was 4.1 kg (8 measurements). In summer 1985
(Fig. 8f), both the mode and the mean were 62 cm in
partial length (42 measurements).

Relationship between fishing for shark and other types of
fishing.

Annual shark catches of less than 1 tonne live weight
{0.63 tonne landed weight) per boat were considered to
have been taken incidentally to fishing operations
directed at other target species. Therefore, boats which
caught less than 1 tonne live weight per year (up to
approx. 21 kg live weight per week for a 48 week year)
were arbitrarily excluded from the following comparison.
The total number of these boats is shown for selected
years in Table 7. The arbitrary definition of a shark
boat has thus been set as one catching 1 tonne live weight
or more per year for the selected period, ie. 1975/76 to
1983/84.
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To gain some idea of the annual catching performance of
individual boats in the 'shark fleet' thus defined, the
fleet was arbitrarily divided into boats which caught 1 to
5 tonne live weight per year (0.63 - 3.1 tonne landed
weight per year) and those which caught more than 5 tonne
live weight. O©On this basis, the former group was defined
as 'part-time/seasonal', and the latter group (> 5 tonne
live weight per year) was defined as 'active/seasonal
and/or full-time'. Table 7 therefore shows the numbers
and percentages of boats in each catch class and the
relative proportions of‘'active! or'*part-time' boats for
selected years between 1975/76 and 1983/84. The mean
catch/boat for 'part-time' and 'active boats' is also
shown for the same years in Table 7. It is immediately
apparent that a greater proportion (ie. ca. 60%) of the
shark fleet is comprised of 'part—-time' boats which have
caught little more than 2 tonne live weight (1.3 tonne
live weight) per boat per year for those years shown. 1In
1983/84 ‘part-~time' boats comprised 57% of the defined
fleet. In the same year, 56 boats were defined as
‘active' shark boats, with a mean annual catch of 18.4
tonnes live weight per boat (11.6 tonnes landed weight).
The proportion of boats in each category has remained
relatively stable since 1975/76 even though the number of
boats in the 'active' class more than doubled while the
number of 'part-time/seasonal' boats shared a 50% increase
over this period.

During the field trip of Nov/Dec 1982, the skippers of a
group of 72 boats which may have caught shark at some
stage during the year, were interviewed to ascertain the
proportions of the target species in their annual catches.
From Table 6, 18 of these boats would have been classified
as 'part~time' and 30 would have been classified as
'active'; catches of remaining boats were classified as
'incidental'. The results of this survey are possibly
biased in that the sample contains a larger number of
south coast fishermen than west coast fishermen, because
the season during which the survey was conducted
corresponded with the start of the rock lobster season and
these fishermen were not as easy to contact as were the
others. The survey also did not take in the fishermen
north of Greenhead (30°04'S 114°58'E) who caught shark.
Species catches of 60 out of the 72 sample boats whose
skippers were interviewed in Nov/Dec 1982 are shown in
Figure %a. The remaining 12 boats, although they had been
fishing for shark up to June 30 1982, did not qualify for
inclusion in Fig. 9a, because they did not actually catch
shark during fiscal 1982/83. The breakdown of the total
catch of these 60 boats shows that 852 tonnes or 35% was
shark, 1173 tonnes (50%) was tuna, 145 tonnes (7%) was
large scalefish, 142 tonnes (6%) was bait and 54 tonnes
(2%) was rock lobster, Data from 1982/83 and not 1983/84
have been used in Figures 9 and 10 as this was the last
year before fishing intentions and traditions were altered
by the effects of the tuna quotas i.e. it is more
representative than the current spectrum of operations.
From the time of the introduction of the tuna quotas, some
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fishermen said they intended to spend mcore time targetting
on shark and other scalefish, others said they would await
the effect of reductions in tuna qucotas on their overall
fishing strategy, whilst the remainder were unsure if the
(then) newly established tuna quotas would affect them at
all.

To give a clearer regicnal picture, these data have been
divided up intc west coast (Figure 9b) and south coast
components (Figure 9c). Figure 9b shows, for the west
coast members of the sample, that large scalefish (18%)
are second in importance to shark (46%), together
comprising nearly two thirds of the total catch of this
group, followed by rock lobster (13%), tuna (12%) and then
bait (10%). By contrast, Fig. %c indicates clearly that
more tuna (57% of the total) than shark (34%) was caught
by the south ccast sample group in 1982/83 and bait (5%)
was the next most important catch by weight follcwed by
rock lobster (4%). This result altered significantly
after 1984 as the effect of the tuna guota was felt.

Figure 1l0a-c gives the values of fish and crustacea shown
in Figure 9a-c. Figure 10a shows that shark is worth over
half of the total wvalue of the catch of the 60 fishermen,
although from Fig. %9a, much less shark is caught than
tuna. Differences between species in the value per unit
catch are clearer when the west coast (Fig. 10b) catch
values are compared with those from the south coast (Fig.
10c). Hence on the south coast, shark was most valuable,
tuna was second, followed by bait fish, large scalefish
and rock lobster. On the west coast however, the value
ranking was rock lobster, shark, bait fish, large
scalefish and tuna lowest.

Directed effort by boats on shark and towards species

such as rock lobster, tuna, bait and other fish was
compared in Figure 11 according to which fishing method
was used and whether the boat was 'active' or 'part-time'
when fishing for shark. Both the mean catch per boat and
the mean number of days fished for each target group are
shown. For example, when 'active' net fishermen were
compared with 'part-time' net fishermen, it was seen that,
except for the mean shark catch of 18.7 tonnes live weight
per boat as against 2.8 tonnes for the 'part-time' group,
there was little difference in their respective mean
catches of rock lobster, tuna, bait or other. The
'part-time' net group, however spent 26% more time fishing
for rock lobster, slightly more time poling tuna and
nearly twice as much time pursuing bait fish than the
'active' net fishermen. Small sample sizes in the other
categories made it difficult for further statistical
comparison within each fishing method group, even though
an indication of the trends was provided in Figure 11.
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V. DISCUSSION
Catch and Effort

There is no doubt that the expansion of the total shark
catch in W.A., from the trough of 1974/75 to the peak cf
1981/82, was due to very large increases in the total
fishing effort. The major part of the effort increase was
generated by gillnet boats. Like the expansion seen in
the gillnet boat component of the shark fishery, there has
been a similar growth in handiiners from 95 boats in
1975/76 to 152 boats in 1983/84, but a slightly smaller
increase in the numbers of longline boats, i.e. from 32 in
1975/76 to 49 in 1983/84 (Table 8). However, due to the
far greater fishing power of nets compared with handlines
or longlines, the greatest impact was clearly from
gillnets. It was shown that the main way in which gillnet
effort had risen was through gear length increases in most
regions.

In the development of the measure of effort, it was
assumed that most fishermen set their nets about once per
24 hour period. This proved to be correct for west coast
and Albany fishermen. The assumption was incorrect -for
scme of the Esperance fishermen and the calculated nominal
effort is underestimated by a factor of 2 for those whe
operate this way in that region, Unfortunately the effort
data cannot be precisely estimated due to recording
problems generated by fishermen on their ABS monthly
returns {see Appendix 1l}). It is hoped that improved
logbook effort data will help rectify this problem.

Another assumption was that shark fishermen worked
approximately the same number cf days each year.
Notwithstanding the yearly changes in the number of good
weather days suitable for fishing, it is felt that

another factor which has probably determined the days
fished at least for those fishermen classed as
'part-time', was the pericd available after commitments to
other target fisheries had been met. On the west coast,
'part-time' shark fishermen who were alsoc rock lcbster
fishermen were likely to have the same period available to
fish shark each year. On the south coast, reduction of
tuna quotas has increased the fishing pressure on the
shark resource. Observable changes have occurred in two
ways. Firstly, there has been an increase in the size of
the fleet concentrating on shark. More effort days have
been directed onto shark by those tuna boats remaining in
that industry. In turn catch rates have fallen (e.q.
Esperance), forcing those fishing shark either to set more
gear in order to maintain catches or search for new
grounds. For many, this can only be achieved by venturing
into deeper fishing grounds, which contain a largely
untested shark resource. The alternative is to move far
from their home port, for which extra capitalisation and
running costs will be required.

Much fishing effort expended on sharks was generated by
the fleet of 66 'part-time® (or 'seasonal') boats which
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spent a significant part of their fishing year targetting
on other species (Fig 11). On the west coast, the other
fishing activity was rock lobster potting, whereas on the
south coast the fleet caught southern bluefin tuna during
the species eastward migration. There has been no attempt
to measure some of the other variables which, for
simplification, have been treated as constants when
summing effort from different gillnet boats in different
regions., Obviously, differences in the catching power of
different nets have occurred as a result of :

i. differences in mesh size used

2. how the nets have been hung, which may have affected
"drop-out" rates

3. different retention rates of mono- and multifilament
nets

4, interactions between nets of different fishermen set
on the same grounds, both simultaneously and
sequentially

ST changes during sets due to reductions in the
effectiveness of nets through large sharks tangling
them or biting off headlines and/or footlines,

6. nets in poor condition.

The combination of these influences on a net was, of
necessity, measured by the catch retained on board.

In 1983/84 the mean CPUE of all species combined in W.A.
was at its lowest value since 1977/78. That the increase
in effort has failed to generate an increase in catch was
shown by the decline in CPUE, for regions from Geraldton
scuth. It has been stated by fishermen that economic
catch rates are not being made in some regions. This
could be due to a combination of factors including long
histories of fishing and effort competition between boats.
It has been alleged that falling catch rates in the past
few years have forced some operators out of this fishery,
whilst others are struggling and have had to rely more
heavily on other target species, or to set even more
fishing gear to maintain catches.

Of still greater concern 15 the large reserve of fishing
gear owned by the'part- time' fleet which may be brought
into even greater use in the future. On the south coast,
where tuna guotas are now in place, there may be a large
increase in effort in the shark fishery. However, when
those rock lobster boats which participate on a part-time
basis in the west coast shark fishery have experienced a
bad rock lobster season, the effect of their increased
off-season pressure on the shark fishery will be very
significant.

The guestion of whether a stock-recruitment relationship
can be demonstrated for each of the 3 main species needs
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to be considered. In a workshop in March 1983, the Scuth
Eastern Fisheries Committee accepted that a relationship
could be demenstrated for the Bass Strait gummy shark
fishery. Under high levels of fishing pressure which
significantly reduce the population, compensatory
mechanisms come into play to enhance the abundance of
juvenile stocks. However, this is very much a functicn of
the mesh sizes being used. Wood, Ketchen and Beamish
(1879) found that reductions in the juvenile mortality
rate helped maintain the yield of dogfish stocks in the
eastern Pacific, when fishing pressure increased. Allen
(1983) has presented mathematical arguments based on data
from the Victorian gummy shark fishery which suggested
that compensatcry growth changes may have a beneficial
influence on fecundity and offset some of the loss of
potential yield when the level of fishing increases. If
such response mechanisms exist in species in the W.A.
fishery, it would augur well for its future conservation.
Unfortunately, insufficient work has been done on the
principal W.A. species to ascertain if stock-recruitment
relationships can be demonstrated.

Historically, it has been shown overseas that single
species shark fisheries are difficult to conserve in the
lcng term. Under high levels of fishing effort, shark
fisheries usually cannot procduce yields that are
sustainable in time. Holden (1974) has presented examples
¢t shark fisheries which have collapsed outright or been
reduced tc a stock level where fisheries are not
economically viable. The fisheries which failed included
the California soupfin shark fishery (which is the same
species as the eastern school shark in Australia}, the
basking shark fishery in the Irish Sea and the
Scottish-Norwegian spiny degfish fishery. On the other
hand, the tendency tc over-expleoit a species may be
maintained past the time when catches become uneconomic,
by supplementary catches of one or more other species.

Species

It should be clearly recognised that, due to many
fishermen not splitting their total shark catch into
species before saie, indices of relative abundance of
individual species must be regarded as preliminary
estimates. Subsequently it is expected that re-analysis
of ABS statistics in the light of field sampling data, and
new logbcok informaticn, will enable the revision of
estimates of relative abundance of the major shark
speciles,

(1) Whiskery shark

CPUE Zfor whiskery shark in W.A. has been declining
in the past 3 years in all regions {(Fig. 4). The
W.A. CPUE remains a2t the lowest level since 1975/76
and the Metropolitan region has the most serious
preblem. TIn 1983/84, CPUE averaged 12 kg/gillnet
km.day which is less than 1 live shark per
kiiometre of net set. From a comparison of length




{(ii)

at birth (Whitley, 1948; Heald, unpublished)} with
size compositicn of the landed catch (Fig. 7a), it
was clear that whiskery shark were fished as an
adult or near adult under the current mesh size
regime. If the declining CPUE was attributable to a
fall in recruitment, catch rates, which have been
slow to fall may never recover i.e. recruitment
overfishing would be deemed to have occurred. This
slow response is a result of the low numbers of
voung born tc each breeding female and the
possibility that some of the sexuslly mature females
in the population may breed biennially as with some
other species of shark. Fortunately for this
species at least on the west coast, fishing grounds
do not yet extend to the westward depth limit of its
distribution. On the west coast, the current
fishing grounds do not extend much past 70fm, and
the species was occasionally found to depths of
160fm during an exploratory trawl survey (Healg,
unpublished). There has also been a lack of
juvenile whiskery shark caught by any of the
fishing methods used for shark. Indeed they might
occupy a different habitat from the adults, or be
too small to mesh in the 7" and 6%" gillmnets
currently being used. Size composition evidence
from the west coast dominated metropolitan market
samples has shown no change in modal size over a 7
year period. Excluding effects of mesh selectivity,
which may have changed in that time with changes in
the proportions of 6%" and 7" mesh being used by
the shark boat £fleet, this provides tenuous
evidence of a high escapement. These would be
whiskery shark smaller than 52 cm partial length;
the smallest market size being selected for by the
mesh regime being used.

Bronze whaler shark

The bronze whaler segment of the fishery was based
almost entirely on a single species, Carcharhinus
obscurus. Fishing grounds for brorze whaler
covered only part of the geographic and depth range
of the species in W,A. From size composition
evidence, and assuming the size at birth was not
greatly different from that found in Scuth Africa
(Bass, d'Aubrey & Kistnasamy 1973); catches in most
regions and seasons were made up almost entirely

of newly born young of the year and juvenile shark.
Adult bronze whaler shark have been found in deep
water (100fm, Heald, unpublished) and would
therefore mainly be vulnerable to capture when they
move inshore., This happens in summer and autumn
when there is an increase in the number of
adeclescent and adult shark in waters of 40 fm or
less, where most fishing occurs. It is possible
that some of the large pregnant female bronze
whalers move into coastal waters to take advantage
of warmer temperatures or the more plentiful food
supply for the yocung during the dropping season,
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{iii)

although as stated above, the adults of both sexes
make a relatively small contribution to the total
catch. Size composition data for spring 1984 and
summer 1985 did not reveal the presence of larger
bronze whalers seen in the summer 1978 sample, and
these 2 distributions were dominated by a large
juvenile recruit class. Bias in marketing may have
been equally responsible for the apparent decline
in the proportion of medium and large bronze whaler
at the major markets.

In South African waters, the average litter was 10
pups (Bass, d'Aubrey and Kistnasamy 1973) which
agreed well with the few fecundity records which are
available from W.A, waters. The low fecundity was
associated with a breeding fregquency of once per 2
years. The age at first breeding is not known.

The bronze whaler fishery has relied on recruitment
from each year's new cohort, an observation made
once again in market samples in 1985. The adult
stock which produces this annual cohort occupies a
habitat which is rarely exposed tc gillnet fishing,
so it therefore appears that the bronze whaler
component of the overall shark fishery may be less
likely to be affected by increases in fishing
pressure. Although to date the W.A. average CPUE
has shown no cause for concern over the 9 year
period shown in Fig. 5a there may well be a long
lag period associated with age at first breeding.

Gummy shark

There has been some doubt expressed in W.A., about
the taxonomic status of the cool temperate stock of
white~spotted gummy shark fished in W.A.
Identification of specimens from deep water north
and south of the Abrolhos Is and many specimens
taken during the cruise off the north W.A. coast,
(Gloerfelt-Tarp and Kailcla 1984; G. Leyland, pers.
comm.) has shown that the species Mustelus manazo
occurs here and is wide ranging in deep water in
W.A. between latitudes 13°S and 28°S., Even more
importantly, there is a real possibility that the
W.A. cool temperate species of white-spotted gummy
shark may be a different stock from that in
south-eastern Australian waters. A key character to
which Whitley (1945) referred in his paper was the
absence of uterine partitions separating embryos in
W.A. specimens whereas they were present in
Victorian specimens. At the time of writing an
attempt is being made to separate stocks of gummy
shark, if more than one occurs in catches. Urgent
attention is being given via an expanded field
study, to resclve this problem. For the purposes of
catch and effort statistics in this paper, gummy
shark is thought of as one species (see III A, p16).
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Gummy shark (Mustelus antarcticus) were more
abundant on the W.A., south coast through the Albany
and Esperance fishing regions but less abundant
from west of Walpole to Bunbury. This species was
caught over most of its geographic range in W.A.;
the same species apparently being caught in inshore
waters from Albany to Geraldton. In Australia,
gummy shark populations range from Shark Bay to
southern Queensland waters, In the eastern
Australian fishery for gummy shark, fishermen
operate in deeper waters than they do in W.A. but
Victorian data shows that Mustelus antarcticus is
more abundant to approximately 40 fm than in deeper
eastern Australian waters.

On the W.A, south coast, the gummy shark population
extends into 120 fm, (H. Spengler, pers. comm.)
which is beyond the current fishing range of the
W.A. gillnet fleet. Although in W.A, gummy shark
is not being fished over all of its depth range, a
low abundance of gummy shark may occur in deeper
waters, as in the Bass Strait gummy shark fishery
so the current fleet may be effectively exploiting
the gummy shark stock over most of its depth range.
A single tag recovered in Western Australia from
the Eastern States tagging programme (Walker 1983)
has suggested that a very slight degree of mixing
can occur between W.A. and Victorian gummy shark
populations. The southern W.A. fishery on gummy
shark may be drawn from a single stock distributed
across the entire Great Australian Bight, or there
may be 2 stocks whose populations are sympatric.
Thus fishing strategies in Victoria, South
Australia and Tasmania may have a slight effect on
recruitment into the W,A, fishery and vice versa.

There is some evidence to suggest that Port Jackson
shark have filled a niche progressively vacated by
gummy shark (Mustelus antarticus) as numbers became
reduced by fishing. This was reflected in changes
to the relative abundances of the gummy shark and
Port Jackson shark populations off Busselton
between 1943 and 1975/76 (Appendix 2). According
to Whitley (1943), gummy shark used to comprise 56%
of the catch by number in normal longline sets
during that year. However, in a 1975/76 longline
survey of the Geographe Bay area (Walker 1979), it
was interesting to note that, between 1943 and
1975/76, there had been a significant increase in
the mean catch per hook of Port Jackson shark,
coincidentally with a decrease in the catch per
hook of gummy shark. This observation pointed to a
historic decline in gummy shark in this region.

There is another example of the apparent effect of
reduced gummy shark abundance. It has been
reported by some south coast fishermen that the
chinaman leather jacket, Nelusetta ayraudi, has
become very abundant in recent years., It has also
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been stated by some fishermen that newly hatched
chinaman leather jacket form part of the diet of
gummy shark at that time of the year. It is thus
possible that high fishing mortality on gummy shark
has reduced its abundance thereby allowing improved
survival and recruitment of the leatherjacket.

Regions

The broad overview of the W.A. fishery given in Figure 3a,
which was achieved by combining species and regions, will
tend to conceal any problems which are or could be
developing with & particular species or in a certain
regicon. However when data were separated into different
regions (Figs 4-6), the Metropolitan whiskery shark |
fishery (Fig 4d) clearly had a lower CPUE compared with

other regions, which suggested a real difference in the

state of the fishery here. Some of the more obvious

reasons for the occurrence of such differences are :

(i) That each region has a unique history of fishing
with exploitation rates which for historic reasons,
increase at a different rate in each region.

(ii) The total available fishing ground as measured by
the length of ccastline, and the CPUE of each
species of shark on those grounds differ in each
regiomn.

(iii) A different species composition occurs in each
region (Table 10).

Boats, gear and techniques

There have been improvements in all areas of shark fishing
when compared with fishing techniques used in the early
1970's. Among the most obvious were increases in boat
size and specialization which allowed becats to fish for
shark more efficiently. They included increased use of
hull designs which were planing or semi-planing, and
automatic recovery of nets and longlines. Increased usage
of navigational and fishing aids have also been noted.
Reduced catch rates and larger overheads have forced many
shark fishermen to fish more gear and set gear more often.

Fishing intentions of shark fishermen.

Fishermen who set gillnets or lenglines depended
meoderately to heavily on their catches of scalefish
associated with the shark. 1In addition, both the 'active'
shark boats, as well as the 'part-time' shark boats needed
to engage in other fisheries such as tuna on the south
coast, and rock lcbster on the west coast to support their
gshark commitments. It could readily be argued that those
fishermen whose catch of shark was below 5 tonnes live
weight per year (incidental and part-time boats) really
belonged to a wetfish fleet, a proportion of which may
target on shark at certain times of the year.




VI. CONCLUSIONS.

During the last 10 years, the W.A.-based shark fishery has
undergone a period of unprecedented growth., The shark fishery
is fully exploited in the regicons from Metropelitan to
Esperance inclusive in the depth ranges currently worked. The
increase in catch has been a direct result of a rapid effort
escalation by the gillnet-dominated fleet. The effort
expansion has been brought about by a 200% increase in the
number of boats in the wetfish fleet and by a 240% increase in
the mean length of nets set by gillnet bcoats. Despite a freeze
on the total number of boats in coastal fisheries, introduced
by the Fisheries Minister in September 1983 (Anon 1983), the
fleet target fishing toward. shark has continued to increase in
the absence of regulations to prevent licensed boats from
equipping to fish for shark. This increase has been brought
about by 'active' shark boats increasing the total length of
gill net set and/or fishing harder, an upgrading of effort by
boats which now catch small guantities of shark, and by a
spillover from the boats which previously concentrated on
southern bluefin tuna.

In contrast to the more southern regions of the fishery, the
shark resource in the Exmouth and Northwest regions was only
lightly exploited. In their coastal zones, these northern
regions contain a practically unexploited mixed species shark
resource. Some successful marketing of northwest shark species
has been achieved by Northern Territory shark fishermen both
within Australia and overseas. This might also be taken up by
any W.A., fishermen fishing in northern areas of W.A.

For the purposes of this report, the southern shark fishery is
assumed to be based on 3 principal species : whiskery, bronze
whaler and gummy shark. Although further taxcnomic work may
reveal 2 southern stocks of gummy shark, it was previously
believed that a single stock occurred between southern Western
Australia and Bass Strait. From the data series as presented
in Figs 4-6 spanning 9 years, there were clear signs in the
CPUE of problems with the whiskery shark fishery. There may
also be problems with gummy shark on the south coast,
especially at Esperance due both to the conservative measure of
effort used in this report (for reasons explained in Appendix
1) and the under-reported gummy shark catch. There is no doubt
about the large increase in effort which has been measured in
all regions. For bronze whaler shark, CPUE seems to have been
more affected by natural changes in recruit abundance than by
variation in effort. To achieve a well requlated fishery, it
is very clear that important basic biological data on the main
species is urgently required in W.A. Information is lacking on
age composition, growth rates, natural mortality rate,
fecundity, age at first breeding, size at birth and a knowledge
of any interactions between the main species of whiskery,
bronze whaler and gummy shark which may have been positively or
adversely affected by fishing. For a first approximation, it
may be acceptable to apply values obtained in South Africa as
estimates for the bronze whaler population in W.A., and values
from Victorian research for gummy sbark in W.A. In the medium
to long term, however, the parameters needed for the W.A. shark
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fishery will have to be verified by a sustained field research
programme to study growth, reproduction and movements.

During the analyses of the catch data, it became obvious that
more precision was needed in catch information recorded by ABS.
It is suggested that it would be particularly beneficial to
include some extra shark species codes. This would have the
advantage of separating and saving information on species such
as thickskin, eastern school, grey nurse, pencil and hammerhead
which is being recorded by some fishermen but lost during
computer processing. In turn, this may help reduce the
magnitude of the 'other shark' category so that better
estimates might be obtained of the contribution of bronze
whaler, whiskery and gummy shark species in the composition of
mixed catches now being allocated to 'other shark'. An attempt
should also be made to clarify the headings on the Commercial
Fisheries Production Monthly Return so that there is no chance
that different types of information will be recorded in the
same column (Appendix 1 and Appendix Figure 1). Specifically,
it is suggested that the word "total" replace "average” in the
column B heading (Appendix Figure 1) to prevent gillnet
fishermen from recording the average length cf the separate
pieces of net instead of the total length of net used per day.

Supplementary information gained from the shark research
logsheets has been useful for providing a first indication of
gear and fishing, however a greater level of co-operation is
desired. Logbooks can be a source of very recent information
which would not otherwise be available for up to 18 months
later, due to processing delays with late monthly returns. A
new logsheet has been designed, to enable information for the 2
principal fishing methods to be obtained on a set by set basis.
This logsheet has been incorporated into a bound and printed
logbock. However, a much greater logbook response from
fishermen is needed to provide a reliable data base and it is
hoped that the publication of this report and a concerted field
programme to publicise the logbook during its pilot stage, will
help to convince fishermen of the importance of providing
correct and timely logbook information. Without such
co-operation the interests of their fishery can never be fully
served. The difficulties described in this report should be
sufficient to convince all fishermen of the need for a greater
response to logbooks.
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TABLE 1. Regional catches of shark in W.A. (kg live) in 1949
compared with the catch of other fish and crustacea.
The shark catches are expressed as & percentage of
the total fish and crustacea catch (T.F.C.C.).

SHARK

PORT SHARK OTHER CRUSTACEA  PROPORTION TOTAL

CATCH FISH OF T.F.C.C. CATCH
SHARK BAY 1 264 212 071 0.6% 213 335
GERALDTON 4 899 172 092 1 145 199 0.4% 1 322 190
FREMANTLE 50 426 276 050 242 539 8.9% 569 015
MANDURAH 2 455 157 259 7 541 1.5% 167 255
BUNBURY 37 872 769 976 19 4.7% 807 867
ALBANY 21 682 1 735 475 1.2% 757 157
HOPETOUN 52 852 430 117 10.9% 482 969
REGIONAL 171 450 3 753 040 1 395 298 3.2% 5 319 788

TOTALS
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TABLE 3., The 1983/84 regional and total shark catches by method are
shown in tonnes live weight., Within each region the proportion
of the catch taken by a fishing method is shown as a % of the

regional catch.

REGION GILLNET LONGLINE HANDLINE DROPLINE
NORTHWEST - 5.0 - = 2.2
Proportion 67.6% 29.7%
EXMOUTH 2.1 - 5.2 0.2
Proportion 24.4% 60.5% 2.3%
GERALDTON 44.5 5.9 5.9 1.2
Proportion 77.4% 10.3% 10.3% 2.1%
METROPOLITAN 269.4 8.8 17.7 2.0
Proportion 89.3% 2.9% 5.9% 0.7%
BUSSELTON 430.6 3.6 3.0 trace
Proportion 98.4% 0.8% 0.7%
ALBANY 113.7 57.6 14.0 0.2
Proportion 60.8% 30.8% 7.5% 0.1%
ESPERANCE 250.1 11.5 1.4 =
Proportion 95.0% 4.4% 0.5%
TOTAL CATCH 1115.4 87.4 47.2 5.8
Proportion 88.3% 6.9% 3.7% 0.5%

REGIONAL
MINCR CATCH
METHODS BY ALL
METHODS
0.2 7.4
2.7%
Aol 8.6
12.8%
trace SYES!
el 301.6
1.2%
0.3 437.5
0.1%
1.5 187
0.8%
0.2 263.2
<0.1%
7.0 1262.8
0.6% 100%

{(*) The formula for interconverting live weight and partial weight
{= landed weight (Australian Bureau of Statistics Monthly return}

cleaned weight or dressed weight) is:

LIVE WEIGHT (tonnes) =
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TABLE 6.. This table shows the means and ranges for: length

of gillnet or

longline used or alternatively, the number of hooks used by dropline
and handline boats in the sample encountered on the November-December

1982 field trip. Boats are grouped by region visi
method used within each region. As some boats use
gears, the number of different boats operating in
" less than the sum of the flgures given in the 'siz
column.

RANGE OF

FISHING METHOD SIZE OF MEAN VARIANCE VALUES
BY REGION SAMPLE (a) (Length
or No.

METROPOLITAN REGION (B)

.
H

11 DIFFERENT BOATS IN SAMPLE

Gillnet boats 8 1200 0.77 230-2300
Handline boats 3 4 0.33 4-5
Longline boats 4 1700 0.21 1200-2300
Dropline boats 1 60 (C)
BUSSELTON REGION : 27 DIFFERENT BOATS IN SAMPLE

Gillnet boats 24 2100 © 2.46 360-6500
Longline boats 4 3100 12.94 400-8400
Dropline boats 5 49 277.00 30-72
ALBANY REGION : 19 DIFFERENT BOATS IN SAMPLE

Gillnet boats -6 1300 0.46 500-2200
Longline boats 14 7400 11.37 1400-12000

ESPERANCE. REGION

15 DIFFERENT BOATS IN SAMPLE

4200
8900

2.83
0.69

1400-6500
9200-11000

Gillnet boats -
Longline boats

11
4

ted and by fishing
a combination of
edch region may be
¢ of sample'

SAMPLE SIZE AS A
PERCENTAGE OF BOATS
USING THIS METHOD

88.9
57.1
UNENOWN

27.3

(A) refers to either the mean length of gillnet or longllne

hocks used on handlines or droplines.
{B)

{C) sample comprised ¢he_nuﬁber of hooks from a single boat
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TABLE 7. The numbers of boats by catch class landing shark in W.A., and the proporticon (PPN) of ‘active' and
‘part-time' boats in the fleet is shown for & selected years. Boats have been arbitrarily divided
according to their annual catch into 'part-time/seascnal' boats (those catching up to § tonne live
weight of shark per year} and 'active - seasonal'/'full-time’ (those boats catching more than 5 tornes live
weight per year). Boats catching less than 1 tonne of shark each year, are assumed to have taken this
shark catch incidentally to other target fishering operations.

ANNUAL NUMBERS OF BOATS AND PROPORTION OF SHARK FLEET WITHIN CATCH CLASSES

1975/76 PFEH 1876/79 PN 1980/81 PPN 1981/82 2PN 1982/83 PH} 1983/84 PEY
INCIDENTAL CATCHES
OF SHARK < 1t 1as e 164 g 157 201
PART-TIME
1-2t 29 46.0% 45 40.9% 46 34.6% 34 29.1% 45 37.2% 44 36.1%
3-5t 14 22.2% 22 20.0% 36 27.1% 32 27.4% 24 19.8% 22 18,0%

PART-TIME BOATS

SUB-TOTAL &3 68.3% 67 60.9% B2 6l.7% &6 56.4% B3 57.0% LT 57.0%
ACTIVE
6=10t 10 15.9% 22 20.0% 23 17.3% 18 15.4% 23 19.0% 26 21.3%
11-20t 6 9.5% 14 12.7% 16 12.0% 18 15.4% 19 15.7% 16 13.1%
21-30t 3 4.8% 7 6.4% 8 5.0% 10 B.5% ] 5.0% 8 6.6%
31-60t 1 1.6% 4 3.0% 4 1.4% 2 1.7% 3 4.1%
60+t 1 0.9% 2 1.7% 1 C.8%

ACTIVE BOATS
SUB-TOTAL 20 31.7% i3 39.1% 51 38.3% 51 43.6% 52 43.0% 35 45,.9%

NQ, OF ACTIVE AND 63 110 1 11 131 1313
PART-TIME BOATS

Mean Catch/Boat 2.8 2.8 3.1 3.2 2.9 3.0

(Part-time)

Mean Catch/Boat i5.2 13.8 16.5 22.8 18.1 18.4

(Active}

TOTAL SHARK CATCH 435 781 1056 1328 1156 1262
(tcnnes)

FOOTNQTES L. In 1983/84, the proporticons of the 201 boats in the incidental shark catch class by principal

fishing method were: 53% handline, 23% gillnet, 10% longline and 14% other fishing methods.

4, In 1983/84, the proportions of the 66 boats in the part-time catch class by principal fishing
method were: 79% gillnet, 10% longline, 9% handline and 2% other methods.

C. In 1983/84, the proportions of the 56 active boats by principal fishing method were: 91% gillnet,
7% leongline and 2% handline,
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TABLE 8. The annual numbers of longline and handline boats operating in each region and the total numbers of
boats by method, irrespective of region, are shown, The boat growth ratio (G+H/E+F) . See below,
expresses any trend in boat numbers over the 9 year period computed by averaging the number of boats
operating from 2 recent years compared with 2 earlier years. A ratio less than 1 signifies a
reduction in the numbers of boats using longlines or handlines in each region. Dropline boat numbers
for 1983/84 are shown. Note that the total number of boats per method and region (*} execeeds the
true number operating when beats fish shark in more than 1 region an@ with more than 1 fishing method
in any fiscal year.
REGICN AND 1975/76 1976/77 1977/78 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 BOAT GROWTH
FISHING E F G H RATIO (G+H)/(E+F)
Northwest
Handline 1 1
Dropline 1

Exmouth
Longline 1
Handline 3 ] 6 I 11 17 16 11 13 4.0
Dropline 2

Geraldton
Longline 1 1 3 1 2 8 5
Handline | 23 42 58 52 42 51 48 2.1
Dropline 11

Metropolitan
Longline 13 a8 12 16 20 25 17 12 17 1.4
Handline 33 27 29 41 54 58 42 45 - 50 1.6
Dropline 6

Busselton
Longline 6 2 6 9 -] 6 7 10 5 1.9
Handline 14 12 11 15 14 14 18 16 18 1.3
Dropline 1

Albany
Longline 10 7 14 9 19 18 20 1B 17 2.1
Handline 23 18 14 19 17 24 25 18 25 1.1
Dropline i

Esperance
Langline 2 10 12 12 5 1.4
Handline 3 3 1 1 3 5 1.4
Dropline

TOTAL NUMBER OF BOATS PER METHOD AND REGION (*)

Longline - 32 19 30 36 54 55 55 45 49 1.8
Handline a5 BO . 85 130 147 158 133 143 152 1.7
Dropline o 22
Boat growth ratio (Number of boats in 1982/83 + Number of boats in 1983/84)/2
{(Number of boats in 1975/76 + Number of boats in 1976/77)/2
{Number of boats in 1982/83 + Mumber of boats in 1983/84)
(Number of boats in 1975/76 + Number of boats im 1976/77)
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(b}

The combined catch of all elasmobranch species except
skates and rays for the statistical regions Geraldton
to Esperance is shown in tonnes live weight by
histogram bars. Effort is shown in equivalent units
of gillnet km. days (- ~~--==~= ==~ ~0) and catch
per unit of effort (CPUE) is shown as kg/gillnet km.
days (& A} .

The total number of gillnet, longline and
handline boats from 1975/76 to 1983/84 are
shown, irrespective of region .
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N =24 N=36

SHARK - Whiskery, bronze whaler, gummy, carpet, thickskin, and
other minor species

ROCK LOBSTER - Southern rock lobster & western rock lobster

TUNA - Southern bluefin tuna, skipjack tuna

BAIT - Pilchard, scaly mackerel, sardy sprat, sea mullet,
yellow-eye mullet, salmon & kerring.

it —
——
——
——————
E——
——

LARGE SCALEFISH - Samson fish, snapp=r, jewfish, groper, gueen
snapper & other spacies

Figure 9. The composition of the entire 1982/83 catch (tonnes
live) from all fishing activities of (a) the total group of 60
boats encountered on the 1982 field study, (b) the 24 west
coast boats and (c¢) the 36 south coast boats. In this sample,
bait species were taken by various methods such as purse
seines, beach seines and gillnets, whereas large scalefish were
those either caught on the same gear and at the same time as
shark or by handline on or near grounds worked for shark.
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SHARK = Whiskery, bronze whaler, gummy, carpet, thickskin, and

other minor species

ROCK LOBSTER - Southern rock lobster & western rock lobster

TUNA - Southern bluefin tuna, skipjack tuna

BAIT - Pilchard, scaly mackerel, sandy sprat, sea mullet,
yellow-eye mullet, saimon & lterring.

LARGE SCALEFISH - Samson fish, snaprer, jewfish, groper, queen
snapper & other spacies

Figure 10. The wholesale value of the 1982/83 catch of the same

sample group of boats whose catch composition
Figure 9. The pie diagrams show {(a) the value
catches of the 60 boats from the west & south

is shown in
of the combined
coasts, (b) the

value of the total catches of 24 west coast boats & (c} the
value of the total catches of 36 south coast boats.
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Figqure 11. Mean target species catch per boat (tonnes live) in 1982/83 when the fleet of boats (which caught
shark during the year) were directed at (a) shark, (c) rock lobster, (e) tuna, (g) bait and (i) other species
groups. Mean nominal effort (boat days, histogram bars} and number of boats operating (figures on top of the
bars) are given for (b) shark, (d) rock lobster, {f) tuna, (h) bait and (j} other species groups. Only those
shark fishermen who were defined as active or part-time (see definition, section IVD} were selected and they
were placed in method categories by the method they principally used when {ishing for shark. Bait is defined
e as salmon , mullet species, herring, scaly mackerel, anchovy, sandy sprat, pilchard, butterfish, and
1o bream. 'Other species groups' includes jewfish, mackerel, snapper, baldchin groper, Samson fish,
jack, crabs, prawns, squid, mussels, abalone, and other large scalefish not defined as bait.
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Figure 11 . Mean target species catch per boat {tonnes live) in 1982/83
when the fleet of boats (which caught shark during the year) were

directed at (a) shark, (c) rock lobster, (e) tuna, (g) bait and (i) other
species groups. Mean nominal effort (boat days, histogram bars) and number
of boats operating (figqures on top of the bars) are given for (b) shark,

(d} rock lobster, (f) tuna, (h) bait and (j) other species groups. Only
those shark fishermen who were defined as active or part-time (see
definition, section IVD) were selected and they were placed in method
categories by the method they principally used when fishing for shark. Bait
is defined here as salmon , mullet species, herring, scaly mackerel,
anchovy, sandy sprat, pilchard, butterfish, and buffalo bream. 'Other
species groups' includes jewfish, mackerel, snapper, baldchin groper,
Samson fish, skipjack, crabs, prawns, squid, mussels, abalone, and other
large scalefish not defined as bait.
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Appendix 1. The Australian Bureau of Statistics Commercial
Monthly Return.

At & March 1985 meeting of Esperance shark fishermen, the
figures for the combined fishing effort for the Esperance
region were challenged because the formula used assumed 1 set
per 24 hour period. It was said that several Esperance
fishermen work up to 3 sets per day. This led to a
re—examinatiocn of the effort data on the monthly returns for
1983/84 (see Appendix Figure 1). The intention was to multiply
the existing effort figures by the number of sets to produce a
better estimate of effort. However, manual inspection of
commercial monthly returns showed that some individual
fishermen's records were inconsistent. In fact, 3 types of
records were discovered as entries by gillnet fishermen.

TYPE 1 RETURN (Refer to Appendix Figure 1.)

Column A contains the number of gillnet sets made per day.

Column B has the correct daily total length of net used per
set.,

Column C has the number of fishing days per month.

In the entire W.A, fishery type 1 returns are in the majority,
and are even more common in the Esperance region, representing
the operations of full time shark boats.

TYPE 2 RETURN (Refer to Appendix Figure 1)

Column A contains the number of individual pieces of net used

Column B has the average length of each piece of net used, not
total length used.

Column C contains the number of fishing days per month.

Type 2 returns were found to be in a minority.

TYPE 3 RETURN (Refer to Appendix Figure 1)

Column A contains the number of pieces of net used.
Column B contains the correct daily total length of net used.
Column C contains the number of fishing days in the month.

Type 3 returns were in the minority and thus the best estimate
of gillnet effort that can be obtained at present from the
formula can only incorporate number of days fished and gillnet
length. However it was confirmed at a meeting at Busselton in
March 1985 that shark fishermen on the west coast in general
set once per 24 hour period. Thus it will not be possible to
incorporate number of sets per day into the formula until each
individual shark fisherman's operational strategy has been
documented. This type of data (the Shark Database) was
gathered on the October 1985 field trip.

66




curn3sx ATyzuom UOTIONpoad 8aTISYSTF TRIOISUWOD YL °T eanbra xtpusddy

q L _. LTI nnlﬂl_i..m.t.ﬂﬂ.-.g.—n.ﬂw&hz.mhﬁrdﬂ Twibi T 3NVYN SH3ANS
5 z _ TR ST T - SOUVHO NI NYAEHSI 20 SULYNOIS
: | | | H L0 R DLW A Emw‘i_ ! FOUVHD-NI-NYWLEHS! 0 S53500V
: : i ==
| | SRt
0 0 O . 53095
i) == === HIHIO
1 g —
] i —
3 3 = ] [ s | 13TINW
ASE a5
i [ NNl

CHE | Wid3mE Fis

SEL | TIEEEY HAESS NI

RS | ONIHEEN LS

OBT | HOW IS 1507 | WO 1vS

s sl HAAdWVNG

152 OEvHI -
] L E el

| ue VHYNYE | SR
[igte- | Hso
TELE GLIF]

H1sa00

R MO0

%‘% [ siirian esa |
&y 4
%u el T

A0 351 H_n_k..m‘l

lcoedigy Buipnae ) SHZOWIN MINE 40 HIBWON ) ALIYI0T ONIKS. 2

HIBAWNN 1v00 03351934 1v0§ 40 3IwvH

Tis| 6t 40 HANDW ONIHNO NOILOND0Hd SEAHSH

LA NOLLINGOBd SHEBHSI3 NYIVHLISY NE3LS3M

67




Appendix 2. Changes in gummy shark abundance in Geographe Bay.

In 1843, Mr G.,P, Whitley, a noted Australian fish taxonomist,
prepared a report on the newly established shark fishery of
W.A, operating out of Bunbury at that time (Whitley, 1943). He
used a series of longline sets to determine the catch rates and
species composition of shark. Walker (197S) compared Whitley's
results with the results of his own longline survey carried out
some 30 years later in the same general region. Although the
lengline sets were made in June and July by Whitley but April,
October and November by Walker, the comparison was thought to
be valid because advice from fishermen suggested that gummy
shark did not show much seasonality in terms of abundance or
migration to or from Geographe Bay, before they became so
scarce in catches.

In crder to test the null hypothesis that the mean catch rate
of gummy shark was not significantly lcocwer in Walker's 1975/76
longline survey than in 1943, the Student's t~test was used to
compare the mean catch rates. A l-tailed test was performed on
the data, and the results were examined at the 952 confidence
limits. The critical value for t is 1.753 for this test with 15
degrees of freedom.

Therefore,
/
.-'r | ',1
L = .r'rf =
t(calc) = (X, - X, }v N 4 !
L ] = 2.1520
/ (N4 1) 8§57 (N, - 1) S,
f N, I -
o i L
where,
i; is mean catch rate, 1975/76 = (0.0056 gummy shark/100
= hooks
X2 is mean catch rate, 1943, = 0.9945 gummy shark/100
hooks
Nl is number of samples, 1975/76 =l ¥7
N2 is number of samples, 1943 = 10

Variance (8.2} of 1975/76 catch rates = 0.00005
Variance (5-2) of 1943 catch rates = 1.30530
Degrees of freedom 15

As t(calc) exceeded the critical value for t, it was necessary
to reject the null hypothesis and accept the alternative
hypothesis, that the mean catch rate of gummy shark was
therefore significantly lower in 1975/76 than in 1943.
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To determine if the opposite was true for Port Jackson sharks
in Geographe Bay, i.e. that this species had increased in
abundance between the two surveys, a similar hypothesis was
erected. The null hypoth951s was that the mean catch rate for
Port Jackson shark in 1975/76 was not significantly higher than
the mean catch rate in 1943. Once again, the means were tested
using a Student's t-test at the 29% confidence limits. For this
l-tail test, the critical’ value for t was 2.57. Values used in
the formula were : :

1.955 Port Jackson

shark/100 hooks

0.161 Port Jackson
" shark/100 hooks

Ei, the mean catch rate 1975/76

X,

the mean catch rate 1843

N, is the number of samples 1976/76 = 9
N, is the number of samples 1943 - = 10
Variance (S,2 )} of 1975/76 catch rates = 3.9277
Variance (S;2 ) of 1943 catch rates = 0.3689
Degrees of %reedom = 17

Evaluation of the formula gave a calculated value for t of 5.74
which exceeded the critical value of t. Therefore the null
hypothesis was rejected and the alternative hypothesis, that
the 1975/76 mean catch rate of Port Jackson was greater than
the 1943 mean catch rate, was accepted. :
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Appendix 3. Size composition methods and recressions.

A.

The

(1)

(2)

{3)

Size composition methods

To convert market measurement data from partial length
(PL) to total length (TL) and to be able to predict a
partial weight from a known PL, a series of regressions
were calculated. The PL/TL series were based on
measurements made at sea on field trips between 1975 and
1982 whereas the PW/PL series were obtained from earlier
field trips and from market measurements between 1974 and
1978 and were recommenced from spring 1984 at the
Metropolitan markets. The lines of best fit for the data
were linear regressions for the PL/TL data but curvilinear
regressions for the PW/PL data.

Wwhen the plotted distributions for size composition were
inspected, it was found that there were 3 component
distributions in the bronze whaler data. A computer
programme, NORMSEP, written by Abramscn (1971) , based on
the statistical technigues of Cohen (1966} was chosen to
separate these component distributions. The procedure
estimates the means, variances, and proportions of the
component normal distributions forming the total length
fregquency distribution of the bronze whaler sample. It
should be noted that the results produced approximate the
true values as the sample size was insufficient to allow
the routine to produce a precise result.

NORMSEP method makes several assumptions :

The need to know the exact number of compcnent
distributions. This assumption is satisfied in the results
for bronze whaler,

The need for a visible separation between component
distributions. This is also reasonably well satisfied in
the results.

The need for an adequate sample size. Cohen (1966) has
suggested that there should be at least 500 observations
for distributions with more than 2 components. This
criterion was not satisfied in the results for the bronze
whaler summer 1978 sample, in which the total was 126.
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B. Regressions

1.

Whiskery shark

The TL/PL regression for whiskery shark, based on 238
observations was :

PL = 0.53802 TL - 2.3083
The PW/PL regression equation which was used to
calculate the mean weight at the modal class was :
2.77

PW = (5.82 % 10E -5) PL
observations.

based on 61

Bronze whaler shark

The TL/PL regression for bronze whaler shark, based
on 159 observations was :

PL = 0.41616 TL - 0.2402

and the PW/PL regression for this species was :

2.74

PW = (1.45 x 10E -4) PL based on 90

observations.

Gummy shark

The TL/PL regression for gummy shark, based on 215
observations was :

PL = (0.5245 TL + 0.6898

and the PW/PL regression based on 49 observations
was:

PW = (1.36 x 10E -5) pL --06





