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1.0 NON-TECHNICAL SUMMARY

Background and research need

1. There is worldwide concern over the potential effects of
by-catch and discarding of fish in commercial fisheries,
particularly trawling. Although mortalities of discards are
highly variable, it is likely that a large proportion of fish
discarded at sea by trawlers do not survive. Consequently,
discards at sea represent real losses from fish populations.
Therefore, stock assessments that ignore the discarded
component of catch are biased by an unknown amount, resulting
in biomass and yield estimates that may be incorrect.

2. In Australia, the issue of primary concern is the direct
‘mortality resulting from the capture and discard of
commercially and recreationally important species by trawlers.
This may result in negative impacts on: (i) stocks of fish
targeted by the fishery concerned and/or (ii) other commercial
or recreational fisheries (interacting fisheries) which catch
the species discarded.

3. Fish trawling occurs off the coast of NSW between Crowdy
Head and Eden and components of this fishery are managed by
NSW Fisheries (north of Barrenjoey headland and less than 3 nm
offshore to the south of Barrenjoey) and by the Commonwealth -
the South East Fishery (> 3 nm offshore south of Barrenjoey).

4. Prior to the commencement of this project (in 1992): (i)
except for anecdotal reports, nothing was known about ,
quantities and sizes of fish discarded by fish trawlers; (ii)
no reliable information existed about the quantities and sizes
of fish in retained catches for fish trawlers north of
Barrenjoey; (iii) quantities and sizes of non—quota species
retained by fish trawlers in the SEF were not generally known.

5. Consequently, there was a need to (i) quantify magnitudes
and size—compositions of retained and discarded catches of
fish trawlers; (ii) facilitate assessment of the impact of by-
catch and discards on the fish trawl fisheries in NSW and on
interacting fisheries.

Research methodology

6. An observer survey, in which data were collected onboard
fishing vessels during normal commercial fishing, was used to
study the species composition of catches and estimate
quantities and size-distributions of retained and discarded
catches by fish trawlers on the NSW coast. Retained and
discarded catches of fish trawlers were surveyed in each of 4
gquarters in each of 3 years (1993-95), in each of 3 regions
("North'": Newcastle/Tuncurry; Ulladulla; Eden). :

7. A fishery-independent survey (by FRV Kapala) was used to
compare abundances and size-distributions of commercial '
species on the NSW continental shelf across several spatial
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and temporal scales: depths, locations, years, quarters
(seasons) and day-time versus night-time.

Results

8. A total of 365 taxa (species or species groups) were
identified in catches of commercial trawlers. Of these, 145
were classed as ''commercial' species. .

9. Mean catch rate (across all components of catch) increased
with latitude, there being a significant difference among the
mean catch rates (+/- 1 standard error) taken by the fleets of
North (632 +/— 33 kg per fisher-day), Ulladulla (2,205 +/— 98
kg) and Eden (4,175 +/— 139 kg). Retained and discarded
catches (all species combined) also increased with latitude.

10. Estimates of mean annual catches (across all components of
catch) by these fleets were: North, 1,012 +/- 53 t; Ulladulla,
2,653 +/— 118 t; Eden, 8,671 +/— 289 t. Mean annual catch for
the combined fleets of these regions was 12,336 +/— 316 t.
Making several assumptions (outlined in Section 6.2), it may
be estimated that a mean annual catch of approximately 2,000 t
was taken by fish trawlers working north of Barrenjoey
headland and approximately 18,000 t by fish trawlers south of
Barrenjoey, approximately 20,000 t annually by all fish
trawlers on the NSW coast.

11. Although rates of catch and annual estimates of retained
and discarded catches differed among the 3 regions examined in
the survey, an average of 50% of the total catch of . fish
trawlers was discarded by the combined fleets of North,
Ulladulla and Eden. Approximately 30% (by weight) of the total
catch of SEF quota species, 34% (by weight) of the total catch

- of non—quota commercial species and 100% (by weight) of the

total catch of non-commercial species were discarded by the
combined fleets of North, Ulladulla and Eden.

12. Retained and discarded catches of individual species
varied among regions, years and quarters and was spe01es—
dependent. There was wide variation among species in both (1)
the quantities of retained and discarded catches and (ii) the
proportion of total catch discarded. It was estimated that
more than 25% (by weight) of the total catch of the following
commercial species (for which mean catch rates exceeded 20 kg
per fisher—-day) was discarded: redfish, barracouta, southern
frostfish, piked dogshark, velvet leatherjacket, gemfish, jack.
mackerel, mirror dory, "offshore" ocean perch and "inshore"
ocean perch. Between 10% and 25% (by weight) of the catch of
tiger flathead and blue warehou were discarded.

13. For the catches of commercial species, sizes of fish
discarded were generally smaller than the sizes of fish
retained - the result of size-selective sorting.

14. By (i) comparing observer—based estimates of retained
catches with reported landings and (ii) comparing observer-—
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based size—distributions with an auxiliary survey of size—
distributions of landed catches at fishers’ co-operatives, it
was concluded that observer-based estimates of catch for the
Ulladulla and Eden fleets for the 3-year period 1993-95 were
accurate. That is, they were not biased by unrepresentative

sampling of trawlers or by any significant change in onboard
practices when an observer was present.

Conclusions and recommendations

15. This project has provided detailed descriptions of
retained and discarded catches by fish trawling along the
coast of NSW and variations in catches among the 3 regions, 3
years and 4 quarters sampled. Consequently, this project has
provided the necessary data for agencies responsible for
interacting fisheries to assess the relative importance of
catches by NSW fish trawlers to stock assessment and
subsequent management of these fisheries.

16. Discarded catches of inshore species targeted by
recreational anglers (such as eastern blue spot flathead,
yellowfln bream, tarwhine, snapper, tailor and mulloway) were
of most significance in the northern region. It is, however,
concluded that fishing mortality on these species due to
discarding by fish trawlers is inconsequential compared with
other known sources of fishing mortality (commercial landings
by all methods, discards from prawn’' trawl fisheries,
recreational catches).

17. The commercial species discarded in greatest quantities
were species targeted and commonly retained in the SEF. In
particular, several SEF quota species were discarded in large
quantities: redfish, gemfish, mirror dory, ocean perches,
tiger flathead and blue warehou.

18. Stock assessment techniques currently used for these
species rely on analyses of catch-per—unit-effort (CPUE)
trends and size/age structure. Discarded catches of each of
these species represent a considerable proportion of the total
catch of each species. Furthermore, for each of these species,
the size—-distribution of the retained catch is a poor
representation of the size-distribution of the total catch.
Consequently, stock assessments based on statistics of landed
catch alone will be biased. Moreover, without some ongoing
collection of data about discards, there is a danger that
future changes in CPUE or size-distributions derived from .
landed catches may be misinterpreted as reflecting changes in
fish stocks when there may simply be a change in discarding
practice. ’

* provision should be made for the future collection of data
about quantities and sizes of discards (off the coast of NSW
and other States).

19. Potential exists for yields from these stocks (see "17")
to increase if the mortality due to capture and discarding was
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decreased. The fish currently discarded could possibly be
caught at a larger size.

* There is a need for model-based assessments of the
consequences of discarding SEF quota species on long-term
yields for the SEF (and the NSW trawl fishery).

20. Commercial species were discarded for a variety of
reasons. Non-commercial species were discarded because, by
definition, no market currently exists. Market and economic
considerations, or the existence of minimum legal length
legislation, determined the discarding of non-quota commercial

" species and probably also the discarding of most quota species

in the SEF. For all quota species except gemfish and redfish,
jurisdictional arrangements between the Commonwealth and NSW
(the "3 nm loophole") meant that quotas could not be enforced
for all but the final 4 months of the period 1993-95. It is
considered unlikely that the existence of quotas influenced
discarding of most quota species during this period. However,
discarding of gemfish (TAC of 0) occurred when catches were
made in excess of trip limits (in SEF waters and State
waters). There is perhaps a further exception: an increase in
discarding and decrease in retention of redfish at Ulladulla
follOW1ng the imposition of trip limits, in 1994, for catches
made in State waters (thereby closing the "3 nm loophole”)
Increased dlscardlng may occur if quotas are more strictly
adhered to.

* Substantial benefits are likely to be gained from research
into the selectivity of existing gears and gear modifications
that seek to reduce the catches of unwanted sizes of
commercial species (and unwanted species). A fundamental
component of such research must be an analysis of the costs

and benefits to the fishery of alternative trawl designs.

* The potential‘for increased usage of components of catches
that are currently discarded should be evaluated.

21. The fishery-independent survey by FRV Kapala demonstrated
that abundances and size-distributions of several important
commercial species were dependent on season, time of day (day
versus night), depth and location. Consequently, any change in
the pattern of fishing effort by the commercial fleet across
these scales will result in changes in catch, CPUE and size
(and age) distributions of catches. Without accurate data
describing the distribution of effort across such spatial and
temporal scales (e.g. reliable logbook data), changes in catch
statistics derived from the fishery may be misinterpreted as
reflecting changes in abundances and size-distributions of
stocks when, in reality, they simply result from a change in
the distribution of effort by fleets.

* ‘The problems'associated with the accuracy of SEF logbook
(SEF—1) data should be addressed urgently.
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- 2.0 BACKGROUND AND RESEARCH NEED

2.1 Introduction

There is worldwide concern over the potential effects of the
by-catch and discarding of fish in commercial fisheries,
particularly trawling (Saila, 1983; Andrew & Pepperell, 1992;
Alverson et al., 1994; Kennelly, 1995). By-catch is that part
of the gross catch that is captured incidentally to the
species toward which there is directed effort and all, some or
none of it may be discarded at sea (Saila, 1983). Catches of
targeted species may also be discarded, particularly in
fisheries managed using minimum legal lengths or output
controls such as trip limits or annual quotas (e.g. Pikitch,
1991; Alverson et al., 1994). '

Although mortalities of discards are. highly variable and
depend on biological, environmental and operational factors,
it is apparent that a large proportion of fish discarded at
sea do not survive (Neilson et al., 1989; Andrew and
Pepperell, 1992; Alverson et al., 1994; Richards et al.,

- 1995). Consequently, fish discarded at sea represent real

losses from populations, so stock assessments that ignore the
discarded component of catch are biased by an unknown amount
and the potential biomass and yield from stocks may be reduced
(saila, 1983; Pikitch, 1991; Hilborn and Walters, 1992;
Alverson et al., 1994). In addition to such direct effects,
the capture and discard of fish may have more complex effects
on community structure such as habitat degradation, influences
on species interactions, and their consequent cascading
effects through the trophic web (e.g. Hutchings, 1990;
Sainsbury, 1991).

In many countries, including Australia, the issue of primary
concern is the direct mortality of Jjuveniles of commercially
and recreationally important species due to trawling and
discarding of by-catch (Kennelly, 1995; Liggins and Kennelly,
1996). This may have a negative impact on: (i) stocks of fish
targeted by the fishery concerned and/or (ii) other commercial
or recreational fisheries which catch the species discarded.

In the last decade, increasing awareness of the problems
associated with by-catch and discarding have made these some

- of the most important and critical issues facing commercial

and recreational fisheries throughout the world. The challenge
to manage complex multi-species trawl fisheries and
interacting fisheries has led to demands for increased .
research into by-catch and discarding (eg. Green et al., 1991;
Alverson et al., 1994). Consequently, there has recently been
widespread interest in-estimating quantities and compositions
of by-catches and discards in trawl fisheries (Alverson et
al., 1994; Kennelly, 1995).

Observer-based surveys, in which data are collected onboard
commercial fishing vessels during normal commercial fishing,
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have been widely used to estimate quantities and size/age
distributions of by-catches and discarded catches from fish
trawling (e.g. Jean, 1963; Jermyn and Robb, 1981; Howell and
Langan, 1987; Alverson et al., 1994) and prawn trawling (e.g.
Andrew and Pepperell, 1992; Alverson et al., 1994; Kennelly,
1995; Liggins and Kennelly, 1996). Data from such studies is
fundamental to assessing: the importance of data about
discarding to stock assessment; effects of discarding on
populations; losses to fisheries; and potential solutions to

~ these problems (e.g. Saila, 1983; Hilborn and Walters, 1992;

Alverson et al., 1994).

It is also important that estimates of rates of discardirg are
scientifically sound (Saila, 1983). Just as stock assessments
may be biased by absence of data about discarding, they may be
biased by the inclusion of inaccurate data about discarding. A
particular concern with observer surveys is that the process
of observation may affect the process being observed: fishers
may change their normal practices when being observed.

2.2 Fish trawling and catch statistics in NSW

Fish trawling off the coast of NSW comprises 2 geographic
components that are managed separately. To the north of
Barrenjoey Point and less than 3 nm offshore south of
Barrenjoey Point, fish trawling is under the jurisdiction of
New South Wales Fisheries. South of Barrenjoey Point,
excluding State waters inside 3 nm, fish trawling occurs
within the South East Fishery (SEF) and is managed by the
Commonwealth. Figure 1 identifies the major fish trawl ports

~on the NSW coast, north and south of Barrenjoey Point. The SEF

extends further southward, around Victoria and Tasmania and
westward to Cape Jervis in South Australia (excluding State
waters). '

Both the NSW-managed trawl fishery and the SEF catch multiple
species across a range of habitats on the continental shelf
and slope. In the SEF, a regime of total allowable catches
(TACs) and individual transferable quotas (ITQs) exists for 16
species (or species groupings) (see also Tilzey, 1994;
Chesson, 1996). In the NSW-managed fishery the only catch
regulation is by way of "trip limits'" for some of the species
subject to TACs in the SEF. Not only is the management of
stocks complicated by this regime of dual management, but the
catch and effort data routinely collected by NSW Fisheries and
the Australian Fisheries Management Authority (AFMA) cannot be
easily reconciled or integrated.

In 1993, 67 fish trawlers operating in the NSW-managed fishery
reported a minimum of 50 days fished (NSW Fishers’ monthly
returns database, "Form 19"). Of these vessels, 39 were also
endorsed to fish in the SEF and 28 were restricted to the NSW

~ fish trawl fishery. Of the 28 vessels restricted to the NSW

trawl fishery, 20 vessels fished mostly in waters to the north
of Sydney. Many of these vessels were also licensed to fish in
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the offshore prawn trawl fishery. In the same year, 1993, 44
trawlers operating in the SEF and landing catch into NSW ports
reported a minimum of 50 days fished (AFMA SEF-2 database).
Therefore, approximately 70 fish trawlers worked off the NSW
coast in 1993.

Catch and effort data are routinely collected from fishers

-operating in the NSW trawl fishery via mandatory monthly catch

returns. However, several problems limit the practical use of
these data, particularly with respect to fish trawling: (i) it
is generally impossible to isolate catches from the NSW-
managed section of the fishery and the SEF; (ii) for fishers
who use more than one fishing method in a month, it is not
possible to partition catch among methods; (iii) for SEF-
endorsed fishers, landings of many species may not be reported
individually but combined and reported as 'Finfish -
unspecified"; (iv) no independent landings data exist for
validation of reported catches (Pease and Grindberg, 1995;

- Scribner and Kathuria, 1996).

Fishers operating in the SEF are reguired to submit details of
catch and effort on a shot-by-shot basis ("SEF-1" logbook
returns). However, the accuracy of logbook data since the
introduction of quotas in 1992, is questionable. Misreporting
of where quota species have been caught has occurred off NSW
because of jurisdictional arrangements (Tilzey, 1994; Chesson,
1996). Fishers in the SEF are also required to submit details
of weights of quota species landed at the completion of each
fishing trip ("SEF-2", Quota monitoring system returns).
Catches of quota species in NSW waters (inside 3 nm) are also
reported on SEF-2 returns but are recorded separately as
State—waters catches. For the same reasons that logbook data
was corrupted, it is very likely that some catches taken in
the SEF have been reported as State catches on SEF-2 returns.

The problems associated with the reporting of catch through
the NSW monthly catch returns mean that very little is known
about the composition of catches taken by fish trawlers
operating in the NSW fishery, north of Barrenjoey. To the
south of Barrenjoey, where most fishing occurs within the SEF,

~retained catch and effort data is available for quota species.

However, little is known about the catches of other commercial
species. No data is available for the discarded components of
catch for either component of the fishery. ‘

Consequently, in 1992, we were in the position in NSW of: (i)
knowing nothing about quantities and sizes of fish in ‘
discarded catches of fish trawlers; (ii) having no reliable
information about the quantities and sizes of fish in retained
catches north of Barrenjoey; and (iii) having no reliable
information about the quantities and sizes of fish in retained

“catches of non-quota species in SEF (the main component of the

fishery south of Barrenjoey). This situation was obviously
unsatisfactory and effectively precluded sound management of
these fisheries (and also interacting fisheries).
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2.3 Interacting fisheries

In NSW, many species are caught (as targeted catch or by-
catch) by a variety of commercial methods and by recreational
anglers. During the year 1992/93, catches of 265 species (or
species groupings), by 44 fishing methods, from 84 estuaries
and 55 ports were reported to NSW fisheries by commercial

. fishers (Scribner and Kathurla, 1996; see also Pease and
Grindberg, 1995)..

The accuracy of stock assessment for any species depends,
among other things, on obtaining reliable estimates of total
catches (both retained and discarded components) by all
methods. Estimates of retained and discarded catches are
therefore essential for commercially important species that
are caught by fish trawlers or by any other commercial or
recreational fishery.

Of major concern in NSW have been complaints regarding prawn
and fish trawlers catching and discarding large numbers of
juvenile fish that, when larger, are targeted in other
commercial and recreational fisheries. Over recent years, this
issue has become of increasing concern to commercial and
recreational fishers, fisheries scientists and managers,
conservationists and State and Commonwealth governments (Green
et. al., 1991; Kennelly, 1995).

2.4 Research need

Estimates of the quantities and sizes of fish discarded by
fish trawlers on the NSW coast are necessary for the long-term
sustainable management of the South East Fishery (SEF), the
NSW-managed trawl fishery and other interacting fisheries.

Stock assessments for species caught in these fisheries
depend, among other things, on accurate determinations of
total catches (both retained and discarded components) and
length (and age) distributions of these catches. If discards
represent a significant proportion of the total catch of a
particular species, then any stock assessment that ignores the
magnitude and size distribution of the discarded component of
catch is llkely to be erroneous. Levels of discarding and
high—-grading in the SEF are issues of particular concern given
the management regime of total allowable catches (TACs) and
individual transferable quotas (ITQs), introduced in 1992.
High—-grading refers to the practice of discarding certain
sizes of fish while retaining sizes that receive higher
prices.

Qualitative information from fishers, researchers and managers
and preliminary surveys of the retained and discarded catches
of fish trawlers based in Port Stephens, Ulladulla and Eden
(in 1992) provided some information about the discarded catch
of fish trawling. These data suggested that: (i) discards
represented a significant proportion of total catches; and
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(ii) catches contained large quantities of by-catch (non-
target species) and juveniles of commercially and/or
recreationally-important species.

Consequently, there was a need to'estimate the magnitude and
size compositions of retained and discarded catches by fish
trawlers along the NSW coast and to determine if there are any

‘significant spatial and temporal patterns in these variables.

Associated with this was the need to maximise the precision
and assess the accuracy of estimates of these components of
catch.
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OBJECTIVES

Origiﬁal objectives

1. To provide the first detailed description of the

catch and by-catch (retained and discarded components),
and species composition from fish trawling outside the
South East Fishery (SEF) in NSW (north of Barrenjoey).

2. To provided the first detailed description of the by-
catch (in particular, the discarded catch) of fish
trawling inside the SEF.

3. To assess the importance of by-catch (in particular,
the discarded catch), inside and outside the SEF, in the
total impact of fish trawling on other commercial and
recreational fisheries.

4. To assess the impact of trawling in inshore (nursery)
areas on commercial fisheries outside these areas, in
particular the SEF. '

Auxiliary objectives

5. To determine the relative accuracy and precision of
alternative methods of estimating annual retained and
discarded catches by trawl fleets.

6. To assess the accuracy of observer-based estimates of
catch. Does the presence of an observer influence fishing
practices and so bias observer-based estimates of catch?
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4.0 RESEARCH METHODOLOGY
There were 2 basic components to this research.

(i) An observer-based survey, in which catch data were
collected onboard fishing vessels during normal commercial
fishing, was used to study the species composition of catches
and estimate quantities and size-distributions of retained and
discarded catches taken by fish trawlers on the NSW coast.

(ii) The NSW Fisheries research vessel "Kapala' completed a
stratified randomised survey of the abundances and size
distributions of commercial fish species on the contlnental
shelf off NSW. This survey prov1ded data about the
distributions, abundances and size—compositions of fish across
several spatial and temporal scales: depths, locations, years,
quarters and day—-time versus night-time. :

4.1 Observer survey

4.1.1 Design and execution

Retained and discarded catches of fish trawlers were surveyed
on approximately 24 fisher—days during each quarter (Jan-Mar,
Apr—Jun, Jul-Sep, Oct-Dec) of each of 3 years (1993, 1994,
1995) in each of 3 regions of the NSW coast: fleets based in
"North' (Newcastle and Tuncurry); Ulladulla; and Eden (see
Figures 1 and 2). These regions were selected to cover the’
geographic range of the fishery in NSW. On the south coast,

the Eden and Ulladulla fleets were selected because they were
the largest. The original survey methodology included sampling
of the 3 largest fleets on the north coast (Newcastle, Port
Stephens and Tuncurry) but the owners and skippers of trawlers
at Port Stephens did not wish to participate in the survey.
Fishing trips out of Eden, of intended duration of more than 3
days were excluded from the sampled population of the survey
because fishing generally took place far to the south of the
study area. Fishing trips targeting royal red prawns,
Haliporoides sibogae, were also excluded from the sampled
population because the survey was designed to estimate catches
from fish trawling.

In each region, we attempted to select fisher-days at random
for inclusion in the survey. At Eden, where fishing trips were
between 1 and 3 days duration, we attempted to select fishing
trips randomly until the targeted number of fisher—days had
been observed. We assumed that fisher—-days on multi-day trips
at Eden were independent because trawlers generally stayed out
for the pre-planned number of days and there was no obvious
relationship between catch rates and decisions to reduce or
extend the duration of trips.

The number of fisher—days sampled during each quarter, in each
year, averaged 23.2 for North, 23.8 for Ulladulla and 23.8 for
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Eden (Figure 2). During the 3 years surveyed,; 88, 93 and 97
fisher—-days were observed at Newcastle/Tuncurry These
represented sampling fractions of 5.5%, 5.8% and 6.1%
respectively, of the estimated total number of flsher —days
completed by the Newcastle/Tuncurry fleets (see Section
4.1.2.1). At Ulladulla, 97, 93 and 96 fisher—days were
observed, with sampling fractions of 7.5%, 7.5% and 8.8%,
respectively. At Eden, 96, 94 and 96 fisher-days were surveyed
during the 3 years, with sampling fractions of 4.6%, 4.6% and
4.5%, respectively.

For each tow of each fisher-day sampled, observers recorded
weights and numbers of the retained and discarded catches of
each commercial species and size—distributions for each
commercial species present in the discards. Commercial species
are identified in the list of taxa in Appendix B. Size-—
distributions of retained catches were recorded
opportunistically as time permitted. Operational data
(location, depth, time, duration of tow) and a list of non—
commercial species present in the catch were also recorded.

Retained weights of each species were estimated by weighing
each box of fish or a subsample of boxes and counting the
total number of boxes. On occasions when fishers graded
species into separate size-classes for marketing purposes, the
average weight of fish was estimated from a subsample of each
grade of each species (usually a 30 - 40 kg box of fish) and
used to estimate the total number of each species of each
grade, and consequently, the total number of each species
retained. The total weight of discards was estimated using one
of two methods. If the catch was relatively small, total
weight of discards was estimated from the catch remaining on
deck after the crew had sorted out the fish to be retained. If
the catch was relatively large, the crew discarded fish as the
catch was sorted. In these circumstances, the weight of total
catch was estimated and an estimate of total discards was
calculated by subtracting the estimated total weight of
retained catch from estimated welght of total catch.
Composition and abundances of species and size-distributions
were estimated from a subsample of discards (usually a 30-40
kg box) and an estimate of the sampling fraction. All species
present in the discards were recorded.

4.1.2 Observer-based estimates of catch rates

Estimates of mean retained and discarded catches per fisher-
day and estimates of annual retained and discarded catches by
whole fleets required auxiliary data about effort (in units of
fisher—days) and/or retained (landed) catches by fleets, in
each region, year and quarter.

4.1.2.1 Reported catch and effort data

All fishers in the SEF are required to report landed catches
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of quota species and the duration of each fishing trip (dates
of departure and return to port) to the Australian Fisheries
Management Authority (on "SEF-2'", '"Quota monitoring system"
returns). Only those fishing trips that conformed to the
criteria for the sampled population of the observer survey.
were included in calculations of fishing effort and landed
catch (i.e. trips of less than 3 days’ duration and trips not
targeting royal red prawns). Number of fisher—days and total
landings of each SEF quota species were calculated for the’
Ulladulla and Eden-based fleets, in each quarter of each year.

Quarterly fishing effort (in units of fisher-days), for the
ports of Ulladulla and Eden, was calculated as follows: (1)
trips for which the reported dates of departure and return to
port were identical each contributed 1 fisher-day of effort;
(ii) trips for which the dates of departure and return to port
differed by d days contributed an estimated d — 0.5 fisher-
days. o

Annual weights of landed catches of each quota species were
calculated from the data reported by fishers making landings
into Ulladulla and Eden. Landed weights that were reported
for "processed" fish (gutted, or headed and gutted) were
converted to '"whole' weights using approximate conversion
factors (1.1 for pink ling, 1.25 for gemfish, 1.5 for blue
grenadier).

Obtaining landed catch and effort data for the northern sector
of the fishery was more problematic. Due to time delays with
entry of data into the NSW fishers’ monthly returns database,
complete statistics were only available for 1993 (not 1994 or
1995). Furthermore, limitations of the data collected on NSW
fishers’ monthly returns meant that it was not generally
possible to obtain reliable data for landed catches,
specifically from fish trawling, for the North region
(Newcastle and Tuncurry). Newcastle and Tuncurry fishers
reported an effort of 2,426 fisher-days in 1993. This figure
is not considered reliable and it almost certainly
overestimates true effort. During the 3 years of observer work
at Newcastle and Tuncurry we consistently worked on 8 trawlers
and occasionally on several others that trawled for fish part-
time. Assuming that an average of 8 trawlers worked for an
average of 17 fisher-days each month, fishing effort would be
approximately 400 days per quarter. All observer-based
estimates of retained and discarded catches by fish trawlers
in region '"North'" are based on the assumption that the fleet
completes 400 fisher-days per quarter, a total of 1600 fisher-—
days per year. The consequences of making this assumption are
discussed in Section 5.1.6.
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4.1.2.2 Components of catch

Estimates of mean catches per fisher-day were calculated

“annually (1993, 1994, 1995) for each region (North, Ulladulla,

Eden), for total catch and 7 partitions of total catch, each
comprising multiple species:

— total catch
— retained catches of all species combined
— retained SEF quota species
— retained non-quota commercial species
— discards of all species combined
— discarded SEF quota species
— discarded non—-quota commercial species
— discarded non—commercial species

Estimates of mean retained and discarded catches per fisher—
day were also calculated for all individual commercial spe01es
(SEF quota species and non—quota commercial species).

4.1.2.3 Relative accuracy and precision of alternative
estimators of catch

The relative accuracy and precision of stratified mean-per-—
unit, combined ratio and combined regression estimators of
catch were compared in an auxilliary study. The rationale,
methods, results and conclusions from this study are described
in the manuscript "Observer-based estimates of discarded and
total catch: relative reliability of mean—-per—unit, ratio and
regression estimators' (in Appendix C).

Based on the study described above, 'stratified mean-per—unit"
estimators were used to estimate catch rates and annual
retained and discarded catches of all components of catch with
2 exceptions: discards of tiger flathead and jackass morwong
at Ulladulla and Eden. The "combined ratio'" estimator produced
estimates with better precision (lower coefficients of
variation) than the stratified mean-per—unit estimator for
these species. Each of these estimators is described below and
in further detail in Appendix C.

4.1.2.4 Application of estimators
Stratified mean—-per—-unit estimator

(used to estimate catch per fisher-day and annual catches of
all components of catch except discards of tiger flathead and
jackass morwong at Ulladulla and Eden)

With a simple random sample of fisher-days taken in each
quarter of each year, the estimated mean catch (discarded
retained catch) per fisher—day (for a region), y, and its
estimated variance, s“(y), were calculated using the
stratified mean-per-unit (''SMPU") estimator as follows:
which can also be expressed in the form:
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in which W, = N./N is the relative size of the stratum,

the mean rétained or discarded catch), y,; is the retalneg or
discard catch taken on the i’th fisher-day, s (y ) is the
variance of discarded catch, is the sample 51ze, N, is the
number of fisher- days by the f?e and f = n is "the
sampling fraction, in quarter g of the year Aﬁls the number
of fisher-days completed by the fleet in the year.

Combined Ratio estimator

(used to estimate catch per fisher-day and annual catches of
discarded tiger flathead and jackass morwong at Ulladulla and
Eden)

The combined ratio estimator, Rc uses the ratio of the SMPU
estimate of discarded catch to an auxilliary variable (the
SMPU estimate of the retained catch of that species), R, to
estimate mean discarded catch per fisher- day, Ygper and its -
estimated variance, SZ(YRC), by:
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which can also be expressed as:

— L Wi (1-f | : A 7
82 (Vre) = Y Mg (171g) [s2(yy) + R%.s2(x) - 2.R,.8(ygux,)] (M
g=1 g

in which y,; and x,; are catches taken on the 1’th fisher—day,
S2(Xq) is fhe variance of the retained catch and s(yq,xq) the
covariance of the sample in each quarter g. X is the mean
landed catch (per fisher—-day), obtained from SEF-2 returns,
for the species.

Estimates of mean catches (per fisher—day) for combinations of
years and regions

Mean catches (and associated variances) calculated for each
year, in each region, were used to calculate mean catches (i)
during the period 1993-95 for each region; (ii) for the
combined fleets of North, Ulladulla and Eden, in each year;
and (iii) for the 3 years and 3 regions combined. Using an
SMPU estimator, estimates of mean catch, y,, and variance,
sZ(Yh), in each year for each region were combined to estimate
mean catch, y, and associated variance, s2(y), over k strata,
as follows:

k
Y=Y Wy Yy (8)
= :
k _ , '
27 = Vw22 (F) (9)
h=1

in which W, is the proportion of fishing effort contributed to
the total by stratum h. For estimates of mean catch across the
3 years for each region and across the 3 regions for each
year, k = 3. For estimates of mean catch across the 3 regions
and the 3 years, k = 9.

Estimates of retained and discarded catches by whole—fleets
Estimates of catch per fisher—day were scaled to provide
annual estimates of catch by whole-fleets using the known
total effort (in units of fisher—days) by the fleet in each
year.

Estimates of size-distributions of annual catches

Quarterly size—-distributions of retained and discarded catches
of each commercial species were calculated for each region
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after weighting the size-frequency distributions (relative
frequencies) obtained from each observed tow by the relative
catch (relative number of fish) of each tow.

Annual size—-distributions (relative frequencies) for each
region were calculated by weighting quarterly size-
distributions (relative frequencies) by the relative catches
(estimated number of fish caught) taken by fleets in each
quarter.

Annual size—-distributions (relative frequencies) for each
region and year were combined to produce size—distributions:
(i) across the 3 regions for each year; (ii) across the 3
years for each region; and, (iii) across the 3 regions and the
3 years. In each case, annual size-distributions (relative
frequencies) were weighted by the relative catches (number of
fish caught) in each region/year.

4.1.3 Comparisohs of catch rates among regions, years and
gquarters

Analyses of variance (ANOVA), followed by Student-Newman-Keuls
multiple comparisons when appropriate, were used to detect
significant differences in mean catch rates (per fisher-—day).
These differences were tested between regions (North,
Ulladulla, Eden; fixed factor), years (1993, 1994, 1995; fixed
factor) and quarters (Jan-Mar, Apr—Jun, Jul-Sep, Oct-Dec;
fixed factor). To provide balanced ANOVAs, 21 fisher—days were
selected randomly from the fisher—days surveyed in each
quarter of each year in each region. Catch data were
transformed by log,(x+7) to normalise the data and stabilise
variances.

4.1.4 Accuracy of observer-based estimates of catch

Observer—-based estimates of quantities and size-distributions
of by-catches and discarded catches may be biased by non-
representative selection of sampling units (fisher-days) or by
changes in fishing practices onboard trawlers when observers
are present. In an auxiliary study, the accuracy of observer-
based estimates of catch was examined for the fleets of
Ulladulla and Eden. Observer-based estimates of magnitudes and
size—-distributions of retained catches were compared with
independent, unbiased estimates that were available for a
subset of species (SEF quota species) caught in the fishery.
Weights of landed catches of SEF quota species were calculated
from SEF-2 returns. An auxiliary survey of the size-
distributions of catches landed at Ulladulla and Eden was
completed during May/June and September/October of 1994 and
1995 at fishing co-operatives in Ulladulla and Eden.
Conclusions about bias in estimates of other components of
catch (especially discards) are based on the premise that bias
is unlikely to affect these estimates without also affecting
estimates of retained catches of quota species.
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Further background to this study and a detailed description of
the methods used are provided in the manuscript ''Detection of
bias in observer-based estimates of retained and discarded
catches from a multi-species trawl fishery' (in Appendix D).

4.2 Fishery-independent survey

During 1993 and 1994 the NSW Fisheries research vessel
"Kapala' conducted a stratified randomised survey of the
abundances and size distributions of commercial fish species
on the continental shelf off the NSW coast between Newcastle
and Eden. Quarterly surveys were completed in each of the two
years (1993, 1994), in each of 3 depth strata (30-60m, 90-
125m, 125-160m). Three locations were chosen from the
trawlable ground within each depth stratum for inclusion in
the survey. Two tows of 60 minutes duration were completed
during pre-dawn (night) and post-dawn (day) periods on each of
2 days during each quarter, in each year, at each location, in
each depth stratum. The starting position and direction of
each tow were selected at random within the defined location
on each day of the survey.

Gear configuration was similar to that used by many of the
large commercial trawlers operating in the fishery, with the
exception of a 45 mm cod-end liner. The cod-end liner was
included to retain smaller sizes of fish than would have been
retained using the standard 90 mm cod-end mesh.

Data collected from each tow included weights, numbers and
size—distributions of each commercial finfish species present
in the catch. Operational data recorded included the depth:
range of the tow and ambient sea and weather conditions.

Prior to the commencement of this survey some preliminary
survey work was completed to: (i) measure the fishing
dimensions of the trawling gear; and, (ii) test the
feasibility of the sampling procedures, in different depths.
It was important to conduct such preliminary trials to
determine appropriate operational factors (warp lengths, warp
length : depth ratios) so that the spread of the gear could be
standardised across the depths. The trials and subsequent
doorspread estimates indicated that the spread of the gear in
depths of 30 m and 120 m were within 5-10% (see Kapala Cruise
Report No. 113).

Further details about the execution of the survey are
contained in the cruise reports for the 1993 and 1994 surveys
(Kapala Cruise Reports, No. 114 and 115).
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5.0 RESULTS
5.1 Observer survey
5.1.1 Catch rates - Major partitions of catch

Mean catch (kg) per fisher—day did not vary significantly
among the 3 years surveyed (1993, 1994 and 1995) for any of
the 3 fleets (North, Ulladulla and Eden). There was, however,
a significant difference among the catch rates taken by the
fleets of North, Ulladulla and Eden. Mean catch per fisher-—day
(+/- 1 se) 1ncreased with latitude: 632 +/— 33 kg for North,
2,205 +/— 98 kg for Ulladulla and 4,175 +/- 139 kg per flsher—
day for Eden trawlers (Figure 3.1, Table 1). Regardless of
region or year, catch rate was maXimal in the 3rd quarter of
the year, July - September (Figure 4.1, Table 1). Mean catch
per fisher—-day for the combined fleets of these regions was
2,528 +/— 65 kg.

Retalned catches (mean kg per flsher —day, +/- 1 se) increased
with latitude (376 +/- 20 kg for North; 1,377 +/- 16 kg for
Ulladulla; 1,856 +/— 39 kg for Eden trawlers) Quantities of
retained catch were similar from year to year (Figure 3.2,
Table 1). Retained catches were usually lowest during the
first quarter of each year and highest in the 3rd quarter.
Catches during the 2nd and 4th quarters of each year were
generally between these extremes (Figure 4.2, Table 1).

The quantities of fish discarded (mean kg per fisher-day) also
increased with latitude (257 +/—- 18 kg for North; 828 +/— 97
kg for Ulladulla; 2,319 +/— 134 kg per fisher—day for Eden).
Discarded catches were significantly greater during the 3rd
guarter of each year in each region (Figure 4.2, Table 1).

The retained catch of SEF quota species, by the Ulladulla
fleet, was less in 1994 (997 kg) and 1995 (967 kg) than in
1993 (1,280 kg). Retained catches of SEF quota species were
similar ‘in each year for the North and Eden fleets (Figure
3.3). Retained catches of SEF quota species by the Ulladulla
fleet were lower during January-March than during the other 3
quarters. At Eden, catches were greater during April-June and
July-September than during January-March and October-December
(Figure 4.3). . :

Various interactions between the factors Region, Year and
Quarter were significant in ANOVAs for discarded catches of
SEF quota species (Figures 3.3 and 4.3, Table 1), retained and
discarded catches of non-quota commercial species (Figures 3.4
and 4.4, Table 1) and discarded catches of non-commercial
species (Figures 3.5 and 4.5, Table 1). Catch per fisher—day
for these partitions of catch generally increased with
latitude and were similar from year to year. Patterns of catch
across the 4 quarters of each year were less consistent.

Figure 5 depicts the proportional contribution of the major
partitions of catch to total catch: in each region in each
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year; for the combined regions in each year; for the 3 years
combined for each region; and for the 3 years and 3 regions
combined. As described in the paragraphs above, catch
compositions differed between regions but were generally
similar .among years within each region. Eden trawlers
discarded a greater proportion of their catch (56% discarded)
than North and Ulladulla trawlers.(41% and 38% respectively).
The retained catch of SEF quota species represented a greater
proportion of the total catch at Ulladulla (49%) than at North
(26%) or Eden (30%).

Contributions of the major partitions of catch to total catch
varied across the spatial and temporal scales examined in this
survey (regions, years, quarters). However, the summary
figures below, averaged across all regions and years, provide
an overview of the scale of retained and discarded catches by
fish trawlers on the NSW coast. Mean catch per fisher—day by
the combined fleets of North, Ulladulla and Eden, during the
period 1993-95 was 2,528 +/— 65 kg. This total catch
comprised:

TOTAL CATCH: 2,528 +/- 65 kg

Retained catch: 1,253 +/— 18 (50%)
SEF quota species:' 858 +/— 4 (34%)
non—quota species: 394 +/- 18 (16%)
Discarded catch: 1,275.+/— 62 (50%)
SEF quota species: 372 +/— 39 (15%)

non—quota commercial spp: 207 +/— 18 (8%)

non—commercial spp: 697 +/— 34 (28%)

5.1.2 Species composition of catches

A total of 365 taxa (species or higher taxonomic groups) were
identified during the observer survey and 145 of these were
defined as "commercial' species (see Appendix B).

Of the 309 finfish species identified, 121 were classified as
"oommercial'' (ie. species often retained in this fishery or in
other commercial fisheries). Thirty—-four crustacean taxa were
identified, of which 17 were classed as ''commercial'. Of the
12 mollusc taxa identified, 7 were "commercial'. Four
echinoderm, 3 cnidarian, 1 annelid, 1 mammal and 1 reptile
taxa were also identified.

A complete taxonomic listing is contained in Appendix B. this
list contains family, scientific and common names of .
species/taxa identified in catches during the observer survey.




23

5.1.3 Catch rates, retained and discarded - individual
species ‘

Detailed information about retained and discarded catch rates
(per fisher-day) and variations among regions, years and
guarters are provided in Appendix A for each of 35 commercial
species.

Figure 6 provides a summary of retained and discarded catches
(per fisher—day) for the combined fleets of North, Ulladulla
and Eden across the 3 year period 1993-95 and across all
guarters. There is wide variation among species in both (i)
the guantities of retained and discarded catches and (ii) the
proportion of total catch discarded. Of the species with total
catches in excess of 20 kg per fisher day (those shown on page
1 of Figure 6), in excess of 25% of the total catch (by
weight) was discarded for redfish (52%), barracouta (44%),
southern frostfish (59%), piked dogshark (55%), velvet
leatherjacket (57%), gemfish (72%), jack mackerel (80%), »
mirror dory (44%), "offshore' ocean perch (40%) and '"inshore
ocean perch'" (85%). Between 10% and 25% of catches of tiger
flathead (13%) and blue warehou (15%) were discarded. Less
than 10% of the total catches of spotted trevalla, silver
trevally, pink ling, arrow squid, jackass morwong, john dory,
Deania spp. dogsharks and angel shark were discarded.

In the northern region, the 10 commercial species retained in
greatest quantities by trawlers contributed 67% of the
retained catch weight of all species combined (ie. 67% of 376
+/— 20 kg per fisher—-day): silver trevally (29%), tiger
flathead (6%), shovelnose ray (6%), piked dogshark (6%),
redfish (4%), john dory (4%), angel shark (3%), sawsharks
(3%), long-nosed whaler (3%). The 10 species discarded in
greatest quantities contributed 70% of the total weight of
discarded commercial species (ie. 70% of 44 +/— 5 kg per
fisher—day): redfish (27%), tiger flathead (10%), snapper
(7%), piked dogshark (6%), eastern blue-spot flathead (4%),
tailor (4%), whaler sharks (3%), rubberlip morwong (3%),
"inshore'" ocean perch (3%) and eagle ray (3%).

At Ulladulla, the 10 commercial species retained in greatest
guantities contributed 86% of the total retained catch of
commercial species (ie. 86% of 1,377 +/— 16 kg per fisher
day): redfish (47%), tiger flathead (9%), pink ling (6%),
piked dogshark (4%), silver trevally (4%), mirror dory (4%),
angel shark (3%), "offshore' océan perch (3%), Jjohn dory (3%),
arrow squid (2%). The 10 commercial species discarded in
greatest quantities contributed 98% of the discarded catch of
commercial species (98% of 413 +/— 75 kg per fisher-day):
redfish (74%), gemfish (13%), tiger flathead (3%), southern
frostfish (3%), '"inshore' ocean perch (1%), mirror dory (1%),
"offshore'" ocean perch (1%), silver dory (< 1%), rubberlip
morwong (< 1%) and barracouta (< 1%).

At Eden, the 10 commercial species retained in greatest
guantities contributed 77% to the total retained catch of
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commercial species (ie. 77% of 1856 +/— 39 kg per fisher-day):
spotted trevalla (19%), tiger flathead (10%), redfish (8%),
pink ling (7%), barracouta (7%), jackass morwong (6%), blue
warehou (6%), arrow squid (6%), silver trevally (4%), Deania
spp. dogshark (3%). The 10 commercial species discarded in
greatest quantities contributed 87% of the weight of discarded
commercial species (ie. 87% of 1087 +/- 96 kg per fisher-day):
redfish (35%), barracouta (9%), southern frostfish (8%), piked
dogshark (7%), jack mackerel (7%), velvet leatherjacket (5%),
"inshore" ocean perch (5%), gemfish(4%), mirror dory (3%) and
"offshore'" ocean perch (3%).

For the combined fleets of North, Ulladulla and Eden, the 10
commercial species retained in greatest quantities contributed
71% to the total retained catch of commercial species (ie. 71%
of 1253 +/— 18). The top 20 species contributed 86% of 1,253
+/— 18 kg per fisher-day: redfish (18%), spotted trevalla
(12%); tiger flathead (10%), silver trevally (6%), pink ling
(6%), arrow squid (4%), barracouta (4%), jackass morwong (4%),
blue warehou (4%), piked dogshark (2%), john dory (2%),
southern frostfish (2%), Deania spp. dogshark (2%), offshore
ocean perch (2%), mirror dory (2%), angel shark (2%), velvet
leatherjacket (2%), blue grenadier (1%), octopus (1%), gemfish
(1%). The 10 commercial species discarded in greatest
quantities contributed 88% to the total discarded weight of
commercial species (ie. 88% of 579 +/- 45 kg per fisher-day):
redfish (42%), barracouta (7%), southern frostfish (7%), piked
dogshark (6%), jack mackerel (5%), gemfish (5%), velvet
leatherjacket (4%), "inshore" ocean perch (4%), tiger flathead
(3%), mirror dory (3%).

Figure 7 provides a summary of quarterly retained and
discarded catches (per fisher-day) of 20 species, for the
combined fleets of North, Ulladulla and Eden for the period
1993-95. Differences in the quantities of fish retained during
each quarter were species—dependent. Similarly, the patterns
of discarded gquantities across quarters were species
dependent. (Figure 7, Table 2, Appendix A).

Note that references in the above paragraphs to proportions or
percentages of catches discarded were all in units of weight.
For most species, the proportion of catch discarded in units
of number of fish exceeds the proportion of catch discarded in
units of weight (see Appendix A). This occurs because sizes of
fish discarded are generally smaller than the sizes of fish
retained. '

5.1.4 Size disﬁributions of retained and discarded catches
Size-~distributions of retained and discarded catches of
individual species, by the fleets of North, Ulladulla and

Eden, in each year surveyed, are provided in Appendix A.

Figure 8 provides a summary of sizes of fish discarded by the
combined fleets of North, Ulladulla and Eden during the 3 year
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period 1993-95. Sizes of fish discarded were generally smaller
than the sizes of fish retained for each of the 18 species
shown in this figure, except gemfish. This is indicative of
size—-selective sorting and, depending on the species, results
from the existence of a minimum legal length (MLL) for the
species (tiger flathead, jackass morwong, rubberlip morwong,
eastern blue-spot flathead, yellowfin bream, tarwhine and
snapper) or the practice of high—grading (discussed in Section
6.3). Note that fork lengths were measured in this study (for
species with forked caudal fins) and minimum legal lengths
refer to total lengths. Consequently, the length at which fish
subject to MLLs are retained (as shown in Figure 8 and
Appendix A) may be less than the MLL because of the difference
between fork length and total length for some species (e.g.
morwongs, yellowfin bream, tarwhine and snapper).

Discards make a major contribution to the size distribution of
the total catch (retained and discarded) for many of these
species (redfish, tiger flathead, gemfish, mirror dory,
"offshore'" and '"inshore' ocean perch, rubberlip morwong,
eastern blue-spot flathead and snapper. For these species, the
size—frequency distribution of retained catch alone is a poor
representation of the size-frequency distribution of the total
catch.

5.1.5 Estimates of annual retained and discarded catches

Estimates of annual catches, for each of the major partitions
of catch, by survey region and year, are shown in Tables 3 and
4. ‘

For individual species, estimates of annual catches (total,
retained, discarded; by weight and by number) by the fleets of
North, Ulladulla and Eden for 1993, 1994 and 1995 are provided
in Appendix A. : '

Tables 5 — 8, summarise mean annual catches of individual
species for the combined fleets of the 3 reglons (Table 5) and
for each region separately.

5.1.6 Accuracy of observer-based estimates of catch

It was concluded that estimates of catch, based on the 3-year
period 1993-95, were unaffected by significant bias (Appendix
D). Observer-— based estimates of magnitudes of retained catches
did not differ significantly from reported landings for: 6 out
of 7 species and the combined catch of quota species (CQS) for
the Ulladulla fleet; 11 out of 11 species and CQS for the Eden
fleet; and 10 out of 11 species and CQS for the combined
fleets of Ulladulla and Eden. There was, however, some
evidence of bias in estimates of catch for each fleet in 1 of
the 3 years examined (1994 for Ulladulla, 1995 for Eden).
Observer—based size distributions were not significantly
biased. Further details about the results and conclusions
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derived from this analysis are provided in Appendix D.

Because of limitations associated with the catch and effort
data collected on NSW fishers’ monthly returns the same
validation procedure could not be used to validate estimates
of catches for North. Assumptions associated with the
calculation of estimates of catches for North must be noted.
Estimates of annual retained and discarded catches per fisher-
day assume that effort (in units of fisher-days) was the same
in each quarter of the year. If effort and catch rates
differed from quarter to quarter, estimates of mean catch per
fisher—day may be biased. If the assumed annual fishing effort
of 1600 fisher—-days (400 fisher-days per quarter) over- or
underestimates the true effort, estimates of annual catches by
the fleets of Newcastle and Tuncurry will be biased
accordingly. Thus, estimates of annual catches for North must
be considered less accurate than those derived for Ulladulla
and Eden.

5.2 Fishery-independent survey

Detailed descriptions of catch compositions, catch rates and
size—distributions of catches are contained in Kapala cruise
reports covering the 1993 and 1994 components of the survey
(Kapala Cruise Reports No. 114 and 115). A brief summary is
given here.

The total catch taken over the 2 years consisted of about
equal quantities of commercial and non-commercial species
(Kapala Cruise Report No. 115 — Table 5). The total catch of
commercial finfish species was 172 t and comprised 71 species.
Only 36 species each contributed more than 100 kg to the total
catch. Redfish (38%) and tiger flathead (22%) contributed the
bulk of the catch of commercial fish. Another 12 species each
contributed between 1 and 10% of the total catch of commercial
fish (Kapala Cruise Report No. 115 — Table 6). In addition,
11.5 t of cephalopods were caught: cuttlefish (36%), arrow
squid (34%), southern calamary (16%) and octopus (13%).

Distributions, abundances and size-distributions of many
important commercial species differed across the spatial and
temporal scales examined: years, seasons, day versus night,
depth and location (see Kapala Cruise Reports No. 114 and 115
for details). :

The occurrence, relative abundances and/or size compositions
of several species were related to depth. Redspot whiting,
eastern blue spot flathead, inshore angel sharks, banjo
sharks, eagle rays and southern calamary were caught almost
exclusively on inshore grounds. Over 80% of the catches of
barracouta, ocean perches and latchet (sharp-beaked gurnard)
were taken on outer—-shelf grounds. Abundances of redfish,
tiger flathead, offshore angel sharks, eastern sawsharks and
.arrow squid increased with depth. Abundances of velvet
leatherjacket and shovelnose rays decreased with depth. Sizes
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of redfish and silver trevally increased with depth. Further
details about the sizes of redfish in different depths are
provided in the manuscript '"Modelling the length-dependent

- offshore distribution of redfish, Centroberyx affinis' (in

Appendix E). The proposed model provides an approach to
incorporating a size—dependent offshore distribution of fish
into models of fish population dynamics and stock assessment.

For several species, there were differences in diurnal
catchabilities, especially on inshore grounds. On the inshore
grounds, night-time catches of redfish and redspot whiting
were greater than day-time catches during most survey periods.
In contrast, silver trevally were more abundant in day-time
tows on inshore grounds. On the deeper grounds, catchability
of pink ling was greater at night and john dory and barracouta
were more catchable during the day.

Relative abundances of commercial species also varied
seasonally. Commercial fish, redfish in particular, were most
abundant during winter. Barracouta, blue warehou and spotted
warehou (spotted trevalla) and jack mackerel were most
abundant in autumn and winter catches.

Catches of recreationally-important species were low. Sand
(eastern blue spot) flathead was the most abundant species and

‘the majority caught were greater than the minimal legal length

of 33 cm.
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6.0 DISCUSSION
6.1 Description of retained and discarded catches

Quantifying magnitudes and size-distributions of retained and
discarded catches is fundamental to examining issues
associated with by-catch and discarding. Fishery derived data
on catches and catch compositions underpins stock assessments
in the SEF and, prior to this project, little was known of the
quantities and size-distributions of: (i) retained and
discarded catches by fish trawlers operating in the NSW
fishery north of Barrenjoey; (ii) retained catches of non-
quota species and discarded catches of all species from the
SEF. This project has provided detailed descriptions of
retained and discarded catches in these areas and examined the
variability of catch rates, annual catches and size-
distributions across several spatial and temporal scales:
regions, years and quarters. The importance of running the
observer survey during each quarter of each of 3 years in each
of 3 regions cannot be over—emphasised. Recent reviews of the
international literature concerning issues of by-catch and
discarding have noted an increase in the use of observer-
surveys to collect catch data but point out that few datasets
are based on extended sampling over seasons and years
(Alverson et al., 1994). In our survey, quantities and size-
distributions of retained and discarded catches of numerous
individual species and partitions of catch varied considerably
among the 3 regions, the 3 years and the 4 quarters sampled.

The variation in catch rates (retained and discarded catches)
of individual species across these scales was species-
dependent. Although rates of catch and annual estimates of
retained and discarded catches differed across the 3 regions
examined in the survey, on average, 50% of the total catch of
fish trawlers was discarded (a discard ratio of 1:1). Similar
discard ratios have been observed in fish trawl fisheries
around the world and discard ratios are much higher in several
fisheries, for example: Northwest Atlantic fishtrawl, 5.3:1;
Bering Sea rock sole, 2.6:1; British Columbia cod trawl, 2.2:1
(Alverson et al., 1994).

Approximately 30% (by weight) of the catch of SEF quota
species and 34% (by weight) of the catch of non-—quota
commercial species were discarded by the fleets of North,
Ulladulla and Eden during the period 1993-95. There was wide
variation in the proportions of catches of individual
commercial species that were discarded. Discards exceeded 25%
of total catch (by weight) for the following species: redfish
(52% by wt, 66% by number), barracouta (44% by wt, 57% by
num), southern frostfish (59% by wt, 79% by num), piked
dogshark (55% by wt, 72% by num), velvet leatherjacket (57% by
wt, 69% by num), gemfish (72% by wt, 67% by num), jack
mackerel (80% by wt), mirror dory (44% by wt, 72% by num),
"offshore" ocean perch (40% by wt, 70% by num), "inshore"
ocean perch (85% by wt, 93% by num). Even for those species
with discard ratios between 10% and 25% (by weight),
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considerable proportions of the total catch in units of
numbers of fish were discarded: tiger flathead (13% by wt, 31%
by num) and blue warehou (15% by wt, 32% by num) .

Size—selective retention (and discarding) of catches occurred
for each of these species with the size of retained fish
being larger than discarded fish, with the single exception
being gemfish (see Section 6.3).

6.2 Expansion of estimates of catch to other regions of NSW

Assuming that the survey regions of North, Ulladulla and Eden
are generally representative of fish trawling along the NSW
coast; results of this project may be generally applied to
fish trawling on the coast of NSW. Furthermore, estimates of
annual retained and discarded catches may be expanded to
include catches by fleets in non-surveyed ports as follows.

Fishing effort by the Ulladulla and Eden fleets during the
period 1993-95 (excluding trips targeting royal red prawns and
trips > 3 days duration) totalled 9840 fisher-days (SEF-2
database). Fishing effort for all SEF trawlers landing catches
into NSW ports (excluding trips targeting royal red prawns and
trips > 3 days duration) totalled 15,586 fisher-—days (SEF-2
database). If catches by the Ulladulla and Eden fleets are
representative of catches by SEF trawlers in other ports then
estimates of annual catches for the combined fleets of
Ulladulla and Eden may be scaled to estimate the SEF catches
across all ports using the multiplier 1.6 (ie. 15,586 / 9840).

Of course, this procedure is not necessary for estimating
retained catches of quota species as this data is known from
SEF-2 returns. Table 9 shows that the combined fleets of
Ulladulla and Eden caught 68% of the total retained catch of
guota species by SEF trawlers in NSW during the period 1993-
95. Note that this suggests an expansion factor of 1.5 (100%
68%) for estimating catches by SEF trawlers across all ports -
very close to the expansion factor .of 1.6 described in the
paragraph above. For individual quota species, the percentage
of the total retained catch by SEF trawlers in NSW that was
contributed by the fleets of Ulladulla and Eden varied between
54% (gemfish) and 96% (spotted trevalla). Estimates of
discards of SEF quota species, across all SEF trawlers, may
also be made using the observed ratio of discards to retained
catch of each species and applying this ratio to known landed
catch.

~

Retained and discarded catches of all fish trawlers north of
Barrenjoey may be estimated as follows. Estimates of annual
catches by Newcastle and Tuncurry trawlers were based on an
assumed annual effort of 1600 fisher—-days. In 1993, the total
number of fisher—days reported for fish trawling by trawlers
landing catches into ports north of Sydney was 3375. Assuming
catches by Tuncurry and Newcastle trawlers were representative
of catches by all fish trawlers north of Sydney, estimates of
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annual catches for survey region North may be scaled to
estimate annual catches by all trawlers using the multiplier
2.1 (die. 3375 / 1600).

Use of the expansion factors, described above, to estimate
catches by fish trawlers across all NSW ports are approximate
and assume that estimated catch rates for the 3 regions
surveyed are broadly representative of catch rates in non-
surveyed regions. Note that these calculations do not include
catches by non-SEF fish trawlers fishing south of Barrenjoey
(relatively few operators). Results of the calculations
described above are not included in this report. They are
described here simply to demonstrate that, with several
assumptions, estimates of catch for the entire coast of NSW
can be calculated.

6.3 Reasons for discarding

It is convenient to consider reasons for discarding with
respect to the different partitions of catch: non—commercial
species; non-quota commercial species; and, SEF quota species.
By definition, discarding of non-commercial species occurs
because there is no market for these components of catch.
These species are a by—catch of the fishery targeted at other
species and are 100% discarded.

Discarding of non-quota commercial species in the SEF, and SEF
quota species in the northern sector of the fishery (north of
Barrenjoey where SEF quotas do not apply) is primarily driven
by market and economic considerations. Discarding of several
species in this category is driven by minimum legal length
legislation (e.g. eastern blue spot flathead, snapper,
yellowfin bream and tarwhine). Note that, south of Barrenjoey
in the SEF, catches of all species of flathead are subject to
a TAC. However, catches of eastern blue spot flathead at
Ulladulla and Eden were inconsequential (see Appendix A) —
hence, the discussion of this species in this paragraph.

It is not trivial to analyse the reasons behind discarding of
quota species in the SEF. For most of the survey period, the
existence of the so-called "3 nm loophole' meant that ITQs
could not practically be enforced in NSW. It is recognised
that many fishers reported catches that were actually taken in
SEF waters (outside 3 nm) as having been taken in NSW waters
(inside 3 nm). These fish were not subtracted from the ITQ
held by these fishers. In general it is believed that ITQs did
not limit landings during this period. Minimum legal lengths
are legislated for 2 quota species in NSW (tiger flathead and
jackass morwong) and discarding of these species is explained
by this alone — fish were only discarded if they were below
legal length. Discarding of gemfish occurred when in excess of
the trip limit (which varied between 100 kg and 300 kg during
the period 1993-95) was caught. Because of the existence of
the "3 nm loophole", it is likely that discarding of the other
quota species was mainly driven by market/economic factors
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rather than by the direct effects of TACs/ITQs limiting
retained catches. There may, however, be an exception.

In 1993, at Ulladulla, the mean catch of redfish was 980 +/—
46 kg per fisher—day of which 839 kg was retained and 141 +/-
46 kg was discarded. In 1994, NSW Fisheries introduced a trip
limit for redfish caught inside 3 nm. This trip limit
(initially 300 kg per day then 500 kg per day) reduced the
capacity of fishers to exploit the "3 nm loophole'. Mean catch
rate for redfish in 1994 was 929 +/— 160 kg per fisher-day
(similar to 1993) but the retained catch of 522 kg was lower
than in 1993 and the discarded catch of 407 +/- 160 kg per
fisher—day was higher than 1993 (see Appendix A, Figure 1.17).
Furthermore, there was an increase in the size at which
redfish were discarded (see Appendix A, Figure 1.4). These
observations are consistent with the following explanation:
(i) catches of redfish were not limited by TACs/ITQs in 1993
because of the "3 nm loophole'"; (ii) the combination of
TAC/ITQs and the NSW trip limit effectively limited the
retained catch of redfish at Ulladulla in 1994; and (iii)
resulted in a decrease in the proportion of catch retained and
an increase in the proportion of catch discarded and a
consequent increase in the sizes of discarded fish. This then,
may be an example of a direct influence of TACs/ITQs on
discarding practices.

In addition to the reasons for discarding discussed above,
discarding also occurs for a much broader reason — because the
unwanted fish are caught in the first place. While this
statement may seem obvious, it does emphasise the influence of
gear selectivity on the quantities and sizes of fish caught
and subsequently, the quantities and sizes of fish retained
and discarded. :

6.4 Impacts of discarding and stock assessment

It is simplistic to assume that because estimates of weights
or numbers of fish discarded appear high, that discarding is
having a significant effect on the stock being fished.
Assessment of the impact on fish stocks must take into account
the quantities and sizes (and ages) of fish discarded, the
survival of discarded fish, and measure the loss to the stock
from discarding against: (i) losses resulting from retained
catches; (ii) losses from natural mortality; (iii) the biomass
of the stock; and (iv) the positive effects of growth and
recruitment on stock biomass (e.g. Hilborn and Walters, 1992).
It has been demonstrated that the inclusion of data about
discards in stock assessments can, in some cases, drastically
alter perceptions of the status of exploited stocks and, in
particular, changes in yields that could potentially result
from changes in regulations (e.g. Saila, 1983; Pikitch, 1991;
Alverson et al., 1994).

Retrospective aésessments that combine estimates of catch at
age (or length) with relative indices of stock abundance (from
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fishing vessels or research vessels) produce trends in stock
size and fishing mortality rates. If discards are primarily
juveniles and are not included in assessments of this type,
fishing mortality will be underestimated, as will the stock
size of small fish. Inclusion of discards of adult fish will
have positive effects on estimates of stock biomass and stock
numbers—at—-age. The importance of discards to model-based
predictions for a fishery depends on the types of predictions
being made. Long term calculations such as equilibrium yield
or yield per recruit, particularly under conditions of
variable discard proportions, are the most sensitive to the
inclusion of accurate estimates of discarded catches in
assessments. Furthermore, lack of data about discards is
particularly serious when attempting to assess impacts of
changes in gear selectivity on yields (ICES, 1986).

6.5 Interaction with other commercial fisheries

Many of the species caught by fish trawlers in NSW are also
caught (as targeted catch or by-catch) in sectors of the SEF
off Victoria and Tasmania and in other commercial fisheries in
south eastern Australia (e.g. Commonwealth and State trap,
drop line, longline and gill net fisheries) (Kialola et al.,
1993; Chesson, 1996). This project has provided the necessary
data for agencies responsible for these interacting fisheries
to assess the relative importance of catches by NSW fish
trawlers to stock assessments and subsequent management in
these fisheries. Furthermore, this study underlines the need
for similar assessments in these other fisheries.

6.6 Interaction with recreational fisheries

Several of the major target species of the fish trawl fishery
are also taken by récreational anglers (redfish, tiger
flathead, silver trevally, jackass morwong, ocean perches and
john dory) (Steffe, In prep.). However, in recent years, the
major conflict between the recreational sector and commercial
sector concerns the capture and discard by trawlers of
juveniles of inshore species targeted by recreational anglers.
Species in this category include: eastern blue spot flathead,
yellowfin bream, tarwhine, snapper, tailor, mulloway and
rubberlip morwong.

With the exception of rubberlip morwong, discarded catches of
these species were confined to the northern survey ports
(Newcastle and Tuncurry). Estimates of mean annual discards of
these species by the combined fleets of Newcastle and Tuncurry
were: snapper, 5 +/— 1 t, 31,000 +/—~ 4,000 fish; eastern blue
spot flathead, 3 +/- 0 t, 17,000 +/- 3,000 fish; tailor, 3 +/-
1 t, 22,000 +/— 7,000 fish; tarwhine, 2 +/- 0 t, 12,000 +/-
4,000 fish; mulloway, 2 +/— 1 t; and yellowfin bream, 0.5 +/—
0 t, approx. 2000 fish (see Table 6). These estimates may be
scaled to estimate discarded catches by all fish trawlers
north of Barrenjoey using an expansion factor of 2.1
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(discussed in Section 6.2). Regardless of the accuracy of this
calculation, it is concluded that fishing mortality on these
species due to discarding by fish trawlers is inconsequential
compared with other sources of fishing mortality (see below).

Reported commercial landings of each of these species in NSW
are of the order of hundreds of tonnes annually (Pease and
Grinberg, 1995). For the most recent year for which NSW catch
statistics have been published, 1992/93, landed catches by the
commercial sector were as follows: snapper, 610 t; eastern '
blue spot flathead, 137 t; tailor, 102 t; tarwhine, 61 t;
mulloway, 154 t; and yellowfin bream, 623 t (Scribner and
Kathuria, 1996). Of course, large quantities of these species
are also taken by recreational anglers (see West and Gordon,
1994; Steffe et al., 1996; Steffe, In prep.). Moreover, by-
catches (and discards) of these species by prawn trawlers
(Kennelly et al., 1992; Kennelly, 1993; Liggins and Kennelly,
1996; Liggins et al., In press) exceed, generally by an order
of magnitude, the estimated discarded catches of fish trawlers
in NSW.

6.7 Consequences for stock assessment and impacts of
discarding in the SEF and NSW fish trawl fishery

This project has demonstrated that fish trawlers operating
along the NSW coast discard large quantities of commercial
species (30% of catches of SEF quota species and 34% of non-
quota commercial species). Discards of several SEF quota
species (redfish, gemfish, mirror dory, "offshore" ocean
perch, "inshore'" ocean perch, tiger flathead and blue warehou)
exceeded 15% (by weight) and 30% (by number of fish) of total
catch. :

The stock assessment techniques currently used for these
species rely on analysis of CPUE trends and size/age structure
(Chesson, 1996). Each of the analyses is very dependent on the
quality of catch, CPUE and size-distribution data collected
from the fishery. It is clear from this project (see Figures 6
and 8; and Appendix A for further detail) that discarded
catches of these species represent a significant proportion of
the total catch, CPUE and size (and age) distributions for
these species. The stock assessment techniques currently used
for these species are based on the assumption that CPUE is
indicative of abundance of fish and that shifts in CPUE or
size—distributions are indicative of changes in abundance and
changes in size-structures of stocks. If, for any reason (e.g.
market forces, alteration of TAC, imposition or removal of
trip limits), there is a change in the relative quantities of
fish retained and discarded, the relationship between CPUE and
abundance is corrupted. With a combination of catch statistics
obtained from landed (retained) catches and observer-based
estimates of quantities and sizes of fish discarded at sea,
CPUE and size-distributions of the total (actual) catch by
trawlers can be estimated. Without estimates of the discarded
component of catch, changes in CPUE and size-distributions may
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be interpreted as changes in abundances or size-distributions
of fish when these changes actually result from changes in
discarding practices. Hence, there is an important need for
data about discarded catches.

Of the species mentioned above (first paragraph), the status
of the stocks of mirror dory, tiger flathead and ocean perch
are considered '"fully exploited - with a high degree of
uncertainty". The status of the stock of gemfish (eastern
gemfish) is classified as 'overexploited - with a moderate
degree of uncertainty'. The stocks of redfish and blue warehou
are classified as "status uncertain" (Chesson, 1996). Assuming
that these classifications are accurate, or approximately so,
and given that significant proportions of the catches of these
species are discarded in the fishery, it is likely that yields
from these stocks would be increased if the mortality due to
capture and discard was decreased. The fish currently
discarded could be caught at larger size. Gains in yields
would, of course, be dependent on natural mortalities (and
fishing mortalities by other methods) during the time taken
for these fish to grow to sizes that would be retained.

These concepts underline the importance of several lines of
future research: (i) model-based assessment of the benefits of
reducing the discards of these species; (ii) a comparative
study of selectivities of existing trawl gears and modified
gears (different mesh sizes, codend designs, etc); and,
thereafter, (iii) an assessment of the positive and negative
effects of alternative trawl gears on quantities and size—
distributions of catches. Research along these lines, with the
cooperation of the fishing industry, may also provide a means
of reducing discards of non-quota commercial species and non-—
commercial components of catch.

The results of Kapala'’s fishery-independent survey of
variations in abundances and sizes of commercial species
across depths, locations, seasons and time of day also have
consequences for stock assessment. These results suggest that
CPUE and size composition data collected from the commercial
fishery will be altered whenever the commercial fleet shifts
its effort across these spatial and temporal scales.
Consequently, there is a danger that changes in fishery-
derived catch, CPUE or size compositions may be attributed to
changes in fish stocks when, in reality, the changes result
from distribution of effort. Without data describing the
distribution of fishing effort across such spatial and
temporal scales (as could be gained from reliable logbook
data) changes in commercial catch statistics may be
misinterpreted as reflecting changes in abundances and size-
distributions of stocks.
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7.0 RECOMMENDATIONS

1. There is a need for model-based assessments of the
consequences of discarding SEF quota species on long—term
yields for the SEF (and the NSW trawl fishery).

Assessment of impacts of discarding on fish stocks must take
into account the relative magnitudes of losses resulting from
retained catches, losses from natural mortality, stock biomass
and the positive effects of growth and recruitment on stock
biomass (see Section 6.4). This study has provided estimates
of discards for trawlers operating off NSW. In conjunction
with similar data from the Scientific Monitoring Program (for
Victoria and Tasmania), there is a need to assess the
significance of discarding in the calculation of yields for
trawled species and to incorporate data on discards into
current stock assessments.

2. Substantial benefits are likely to be gained from research
into the selectivity of existing gears and gear modifications
that seek to reduce the catches of unwanted sizes of
commercial species (and unwanted species). A fundamental
component of such research must be an analysis of the costs
and benefits to the fishery of alternative trawl designs.

Such a research program would identify the feasibility of
reducing the catch of unwanted fish using modified trawl
designs (in particular, codend designs). Of course, the
benefits of reducing the capture of unwanted species and sizes
of fish would need to be measured against any costs to the
fishery by way of reduced catches of wanted species.

3. Provision should be made for the future collection of data
about quantities and sizes of discards (off the coast of NSW
and other States).

It is likely that management interventions (e.g. changes to
TACs/ITQs or tr1p limits) may cause temporal changes in
quantities and sizes of retained and discarded components of
catches. In the absence of data about discards, there will be
difficulty in determining whether post—intervention changes in
retained catches, retained CPUEs or size—distributions of
retained catches result from changes in discarding practices
or changes in total catches by the commercial fleet.

4. The potential for increased usage of components of catches
that are currently discarded should be evaluated.

The opportunity to increase the use of components of catch
currently discarded is dependent on expanding existing, or
establishing new markets for these components of catch.
Analysis of the economics of landing and marketing these
components of catch is of obvious importance.
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5. The problems associated with the accuracy of SEF logbook
(SEF—-1) data should be addressed urgently.

Kapala’s fishery-independent survey demonstrated that
abundances and size-distributions of important commercial
species (on trawl grounds) were dependent on season, time of
day (day versus night), depth and location. Consequently, any
change in the pattern of commercial fishing effort across
these scales, may result in changes in catch, CPUE and size-
distribution data derived from the commercial catch. Without
accurate data describing the distribution of effort across
such spatial and temporal scales (as could be gained from
reliable logbook data) changes in commercial catch statistics
may be misinterpreted as reflecting changes in abundances and
size—-distributions of stocks.
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Figure 1
Fish trawl ports in NSW
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Figure 2
Quarterly sampling effort and fishing effort, by region
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Figure 3.1

Total catches (kg per fisher-day)
by Year, by Region

(mean kg. per fisher-day, +/-1 se)
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Figure 3.2

Retained and discarded catches (kg per fisher day)

by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 3.3

Retained and discarded catches of SEF quota species (kg per fisher-day)

by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 3.4

Retained and discarded catches of non-quota commercial species
(kg per fisher-day) by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 3.5

Discarded catches of non-commercial species (kg per fisher-day)

by Year, by Region

(mean kg. per fisher-day, +/-1 se)
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Figures 4.1 and 4.2

Quarterly mean catch rate (kg per fisher-day, +/- 1 se) of partitions of total catch
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Figure 4.2

Retained and discarded catch
black: retained, white: discarded catch
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Figures 4.3 and 4.4

Quarterly mean catch rate (kg per fisher-day, +/- 1 se) of partitions of total catch
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Figure 4.3

Retained and discarded quota species
biack: retained, white: discarded catch
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Figure 4.4
Retained and discarded non-quota
commercial spp.
black: retained, white: discarded catch
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Figure 4.5

Quarterly mean catch rate (kg per fisher-day, +/- 1 se) of partitions of total catch
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Figure 5, page 1

Retained and discarded components of annual catches (% of total catch welght), by reglon, by year

black: SEF quota species;
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Figure 5, page 2
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Catch per fisher-day (kg)

Figure 6, page 1

Estimates of mean-catch rates (per fisher-day, +/- 1 SE) - retained and discarded catches,
for the combined fleets of North, Ulladulla and Eden, during 1993-95,
40 specles (or specles groups)

% of catch discarded shown above each graph,  species ordered by decreasing total catch
(black bars: retained catch, white bars: discarded catch)
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Figure 7, page1

Estimates of mean catch rates (per fisher-day, +/- 1 SE), by quarter,
retained and discarded catches, for the combined fieets of
North, Ulladulla and Eden, during 1993-95,

20 species (or species groups)

species ordered by decreasing total catch
(black bars: retained catch, white bars: discarded catch)
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Figure 7,
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Figure 8, page 1

Length-frequency distributions of - retained and discarded catches,
for the combined fleets of North, Ulladulla and Eden during 1993-95,
18 species

(black bars: retained catch, white bars: discarded catch)’
Sample sizes: x(y) denotes a total sample of x fish from y shots (cbserver survey), or from y landings (co-op. survey)
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Figure 8, page 2
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Figure 8, page 3
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Retalned catch of
non-quota specles

Comparisons of catches (per fisher-day) across Reglons, Years and Quarters: ANOVAs and SNK multiple comparisons
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Comparison of catch rates (per fisher-day) across reglons, Years and Quarters: ANOVAs and SNK multiple comparisons
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Table 3

Annual total,retained and discarded catches (tonnes, +/- 1 se) - all species combined

Total catch Retained Discarded % discarded

North 1993 905 +/- 74 590 +/- 53 316 +/- 47 35
1994 961 1086 556 64 405 51 42

1995 1,171 o1 657 52 513 55 44

Mean 1993-95 1,012 53 "601 33 411 29 41
Ulladulla 1993 2,902 176 1,987 26 915 174 32
1994 2,741 290 1,605 42 1,136 287 41

1995 2,316 103 1,380 30 936 08 40

Mean 1993-95 2,653 118 1,657 19 996 17 38

Eden 1993 8,965 - 616 3,842 110 5,123 606 57
1994 8,595 453 3,781 140 4814 431 56

1995 8,453 407 3,942 162 4,511 373 53

Mean 1993-95 8,671 289 3,855 80 4,816 277 56
N+U+E 1993 12,772 645 6,41 9v 125 6,353 633 50
1994 12,297 548 5,942 160 6,355 520 52

1995 11,939 429 5,979 173 5,961 390 50

Mean 1993-95 12,336 316 6,113 89 6,223 302 50




North 1993
1994
1995

Mean 1993-95
Ulladulla 1993
1994

1995

Mean 1993-95

Eden 1993
1994

1995

Mean 1993-95

N+U+E 1993
1994

1995

Mean 1993-95

Table 4

Annual retained and discarded catches (tonnes, +/- 1 se) - categories of species

Non-quota commercial species

SEF quota species Non-commercial species
Retained Discarded % discarded Retained Discarded % discarded Discarded
313 +/- 38 13 +/- 3 4 277 +/- 39 22 +/- 3 7 281 +/- 44
245 37 39 13 14 311 45 48 1 13 318 40
231 28 44 9 16 426 42 44 6 9 424 49
263 20 32 5 11 338 24 38 4 10 341 26
1,646 ] 378 160 19 341 26 12 3 4 524 51
1,231 0 569 199 32 374 42 50 21 12 518 101
1,054 ] 451 82 30 326 30 31 9 9 454 37
1,310 0 466 89 26 347 19 31 8 8 498 40
2,536 0 1,653 428 39 1,306 110 858 190 40 2,612 345
2,679 0 1,102 169 29 1,102 140 894 105 45 2,818 276
2,634 ] 1,197 199 31 1,308 162 1,067 154 45 2,248 193
2,616 0 1,317 167 33 1,239 80 939 89 43 2,559 161
4,495 38 2,044 457 31 1,924 120 892 190 32 3,417 351
4,154 37 1,710 261 29 1,788 153 992 107 36 3,654 297
3,919 28 1,692 216 30 2,060 170 1,142 154 36 3,127 202
4,189 20 1,815 190 30 1,924 86 1,009 89 34 3,399 167




Table 5

Estimates of annual retained, discarded and total catches (estimates +/- 1 se) of commercial species
Combined catches of North, Ultaduila and Eden

Retatlve catch magnitude

Total catch (t) Retained catch (t) Discarded catch () % Discarded Total Retained Discarded

Redfish 2,303 +- 174 1,416 +/- 5 1,187 +/- 173 52 1 1 1

Spotted trevalla 7688 1 745 0 43 1" & 2 2 13
Tiger flathead 674 12 582 4 89 i1 13 3 3 9

Barracouta 463 70 261 47 202 47 4 4 7 2

Sliver trevally 388 19 386 19 2 1 1 5 4 28
Pink ling 359 0 357 0 2 0 1 6 5 30
Southem frostfish 333 69 135 28 198 56 &9 7 12 3

Piked dogfish 313 khl 140 18 174 23 56 8 10 4

Blue warehou 294 14 249 0 45 14 16 9 9 12
Arrow squid 280 30 274 30 6 1 2 10 8 20
Jackass morwong 270 2 260 0 10 2 4 11 8 17
Velvet leatherjacket 216 n 92 9 124 18 &§7 12 17 7

Gemfish 203 kAl 58 0 146 71 72 13 20 8

Jack mackerel 195 28 39 7 156 25 80 14 24 5

Mirror dory 177 28 99 0 78 28 4 15 15 10
Offshore ocean perch 176 17 105 1 7" 11 40 18 14 11

Inshore ocean perch 145 17 2 3 123 16 86 17 30 8

John dory 143 3 138 3 5 1 3 18 11 21

Deanla spp. dogfish 123 40 123 40 0 0 [/} 19 13 52
Angel shark 93 7 a3 7 0 0 1 20 18 48
Blue grenadier 78 1 75 0 4 1 4 21 18 23
Cuttlefish 75 4 57 4 i8 2 24 n 21 16
Siiver dory 74 8 33 2 42 4 &6 23 26 14
Octopus 62 5 62 5 0 0 [ 24 19 57
Common sawshark 49 4 48 4 1 0 1 25 3 45
Rubberiip morwong 48 4 18 1 30 4 63 26 32 15
Red gumard 47 4 44 4 3 0 7 27 23 24
Shovelnose ray a8 7 36 7 1 0 3 28 25 37
Sharp-beaked gurnard 29 4 29 4 1 0 2 29 27 44
Eagle ray 27 3 25 3 2 1 8 30 28 20
Gummy shark 25 2 24 2 1 1 4 31 29 41
Centrophorus spp. dogfish 20 3 20 3 0 0 0 32 31 64
Long-nosed whaler 18 10 18 10 0 0 [ 33 a3 69
Banjo shark 17 2 15 2 2 0 11 34 34 32
Splendid perch 15 6 14 5 0 0 2 35 35 49
Splky oreo 14 8 14 6 0 0 0 35 38 68
Eastern blue-spot flathead 14 1 1 1 3 0 19 37 39 25
Yellowfin bream 13 3 13 2 0 0 3 38 37 a7
Whaler shark 13 4 6 2 6 3 50 39 45 19
Southemn calamary 12 2 12 1 0 0 3 40 38 48
Tarwhine 12 2 i1 2 2 0 12 41 40 38
Red spot whiting 11 2 10 1 2 1 14 42 42 35
Ribaldo 11 4 10 4 0 0 2 43 41 55
Snapper 9 1 4 1 5 1 51 44 51 2
Ogliby's ghost shark 9 2 [ 1 3 1 29 45 48 27
Thintail thresher 8 s 1 1 7 s 86 48 77 18
orange roughy 8 1 6 0 2 1 21 47 48 34
Smooth hammerhead 8 1 8 1 0 0 [/} 48 43 70
Mosalc leatherjacket 8 2 7 1 0 0 5 49 44 51
Green-eyed dogfish 7 5 6 4 1 1 16 50 a7 39
Tallor 7 1 4 1 3 1 38 51 52 26
Blue-eye trevalla 6 0 [ 0 0 0 [/} 52 49 1
Rudderfish 5 2 5 2 0 0 [/} 53 50 72
Mulloway 4 2 3 1 2 1 39 54 59 3
Blue swimmer crab 4 1 3 1 1 0 24 55 57 40
Spotted wobbegong 4 1 4 1 0 0 2 56 53 60
Pink tilefish 3 1 3 1 0 0 [ 57 54 73
Hapuku 3 1 3 1 0 0 [ 68 56 74
Spotted gumard 3 1 1 1 2 1 60 59 75 31
Glant boarfish 3 0 3 0 0 0 1 60 56 s
Herbst's nurse shark 3 2 2 1 1 1 29 61 63 42
Deepwater bug 3 1 3 1 0 0 3 62 58 59
School shark 2 1 2 1 0 0 [ 63 60 75
Australlan salmon 2 2 2 2 0 0 [ 64 61 76
Bastard trumpeter 2 0 2 0 0 0 0 a5 62 k4
Chinaman leatherjacket 2 0 2 0 ] 0 10 88 85 53
White shark 2 1 1 1 1 1 38 67 76 43
Large-toothed fiounder 2 0 2 0 0 0 5 88 88 58
Broadbill swordfish 2 1 2 1 0 0 [ 69 64 78
Dusky flathead 2 0 2 0 0 0 1 70 87 66
Red mullet 2 0 1 0 0 0 13 71 1 54
Seal shark 2 1 2 1 0 0 3 72 69 63
Goblin shark 2 2 2 2 0 0 0 73 68 79
Balmalin bug 2 0 1 0 0 0 4 74 70 62
Slender squid 1 0 1 0 0 0 12 75 74 56
Yellowfin leatherjacket 1 0 1 0 1] 0 1 76 72 67
Tasmanian trumpeter 1 0 1 0 0 0 0 77 73 80
Red cod 1 1 0 0 1 1 82 78 80 38
King dory 1 0 1 0 0 0 29 79 79 50
Smooth small-toothed flounder 1 0 1 0 0 0 [ 80 78 61




Table 6

Estimates of annual retained, discarded and total catches (estimates +/- 1 se) of commerciai species

North
Relatlve catch magnitude
Total catch (t) Retained catch (t} Discarded catch (t} % Discarded Total Retalned Discarded

Stiver trevally 174 19 173 19 2 1 1 1 1 15
Tiger fiathead 46 5 39 4 7 1 15 2 2 2

Redfish 44 10 25 5 19 5 4“ 3 5 1

Shovelnose ray 36 7 35 7 1 0 3 4 3 18
Piked dogfish 36 14 32 12 4 2 11 5 4 4

Eagle ray 23 3 21 3 2 1 9 6 7 10
John dory 22 3 22 3 0 0 2 7 6 25
Ange! shark 18 4 18 4 0 0 1 8 8 26
Sawsharks 18 3 18 3 0 0 1 9 9 271
Long-nosed whaler 18 10 18 10 0 0 0 10 10 43
Cuttlefish 14 2 13 2 1 0 7 11 i1 19
Red gumard 14 2 12 1 2 0 12 12 13 12
Banjo shark 13 2 12 2 2 0 13 13 14 1"
Yellowfin bream 13 3 13 2 0 0 3 14 12 23
Eastern biue-spot fiathead 13 1 10 1 3 0 20 15 16 5

Tarwhine 12 2 1 2 2 0 12 16 15 16
Smooth hammerhead 7 1 7 1 1] 0 0 17 17 44
Southem calamary 7 1 7 1 0 0 1 18 18 3
Whaler shark 7 3 4 1 2 2 36 19 21 7

Talfor 7 1 4 1 3 1 38 20 2 6

Snapper 6 1 1 0 5 1 76 21 36 3

Rubberiip morwong 5 1 3 1 2 0 39 2 23 8

Velvet leatherjacket 5 1 5 1 0 0 8 23 19 24
Sharp-beaked gumard 5 1 5 1 0 0 3 24 20 30
Red spot whiting 4 2 3 1 1 1 32 25 28 17
Mulloway 4 2 3 1 2 1 39 26 . 29 13
Biue swimmer crab 4 1 3 1 1 0 24 27 27 20
Tilefish 3 1 3 1 0 0 0 28 24 45
Gummy shark 3 1 3 1 0 0 3 29 25 34
fnshore ocean perch 3 1 1 0 2 1 65 30 44 9

Spotted wobbegong 3 1 3 1 0 0 2 31 26 35
Armrow squid 2 0 2 0 0 0 7 32 3 28
Australlan salmon 2 2 2 2 0 0 0 33 30 46
White shark 2 1 1 1 1 1 38 34 42 2
Large-toothed fiounder 2 0 2 0 0 0 5 35 33 31
Giant boarfish 2 0 2 0 0 0 1 36 32 40
Spotted gumard 2 1 1] 0 2 1 93 37 47 14
Dusky fiathead 2 0 2 0 0 0 1 38 34 39
Balmain bug 2 0 1 0 0 0 4 39 35 37
Slender squid 1 0 1 0 0 0 12 40 41 29
Chinaman leatherjacket 1 0 1 0 0 0 7 41 39 32
Red muilet 1 0 1 0 0 0 3 42 38 38
Yellowfin leatherjacket 1 0 1 0 0 0 1 43 37 41
Herbst's nurse shark 1 1 1 1 1] 0 0 44 40 47
Centrophorus dogfish 1 1 1 1 0 0 [} 45 43 42
Smooth smali-toothed flounder 1 0 1 0 0 0 6 46 45 36
Ogliby's ghost shark 1 0 [} 0 1 0 88 47 46 21




Table 7

Estimates of annual retained, discarded and total catches (estimates +/- 1 se) of commercial species

Ulladulia
Relative catch magnitude
Total catch (t) Retalned catch (t) Discarded catch (t) % Discarded Total Retalned Discarded

Redfish 1,150 +- 74 782 +/- 0 368 +/- 74 32 1 1 1

Tiger flathead 170 3 152 0 17 3 10 2 2 3
Pink ling 96 0 96 0 0 0 0 3 3 26
Gemfish 84 51 20 0 65 51 77 4 13 2
Mimror dory 70 2 63 0 7 2 10 5 [ [
Piked dogfish 67 12 67 12 0 0 1 6 4 14
Sliver trevally 66 0 66 0 0 0 0 7 5 M4
Angel shark 56 5 56 5 0 0 0 8 7 24
Offshore ocean perch 56 8 52 8 4 1 7 9 8 7
John dory 50 0 50 0 0 0 1 10 9 20
Armrow squid 37 4 7 4 0 0 1 11 10 19
Southem frostfish 32 1 17 6 15 7 47 12 15 4
Sharp-beaked gurmard 2 4 23 4 0 0 2 13 11 16
Common saw shark 21 2 21 2 0 0 1 14 12 23
Cuttiefish 20 2 19 2 0 0 2 15 14 17
Jackass morwong 15 0 15 0 0 0 [ 16 16 kil
Splendld perch 15 6 14 5 0 0 2 17 17 18
Centrophorus spp. dogfish 12 3 12 3 0 0 0 18 18 28
Inshore ocean perch 12 2 5 1 7 1 58 19 25 5
Rubberlip morwong 10 1 8 1 2 0 18 20 19 9
Blue grenadier 7 0 6 0 1 0 8 21 2 13
Red gumard 7 2 7 2 0 0 4 2 20 21
Velvet leatherjacket 7 1 6 1 0 0 6 23 21 16
Jack mackerel 6 1 5 1 1 0 13 24 24 12
Octopus 5 2 5 2 0 0 1 25 23 27
Silver dory 5 1 3 0 2 0 © 39 2% 30 8
Blue warehou 5 0 5 0 0 0 [ 27 28 35
Gummy shark 5 1 5 1 0 0 ] 28 27 36
Rudderfish 4 1 4 1 0 0 0 29 28 37
Banjo shark 3 1 3 1 0 0 5 30 29 2
Eagle ray 3 1 3 1 0 0 3 31 31 25
Deanla spp. dogfish 2 1 2 1 0 0 0 32 32 32
Barracouta ' 2 1 1 0 1 1 72 33 39 10
Deepwater bug 2 0 2 0 0 0 1 M 33 30
Herbst's nurse shark 2 1 1 1 1 1 51 35 38 11
Shovelnose ray 1 0 1 0 0 0 2 36 34 29
Whaler shark 1 1 1 1 0 0 0 37 35 38
Spotted trevalla 1 0 1 0 0 0 0 38 36 a3
Broadblil swordfish 1 0 1 0 0 0 ] 39 37 39




Table 8

Estimates of annual retained, discarded and total catches (estimates +/- 1 se) of commercial species

Eden
Relative catch magnitude
Total catch (t) Retained catch (t) Discarded catch (t) % Discarded Total Retalned Discarded

Redfish 1108 +/- 157 308 +/- 0 800 +/- 157 . 72 1 3 1
Spotted trevaila 787 11 744 0 43 11 & 2 1 13
Barracouta : 461 70 261 47 201 47 4“ 3 5 2
Tiger flathead 455 10 390 0 64 10 14 4 2 11
Southemn frostfish 302 68 118 26 183 56 61 5 1" 3
Biue warehou 289 14 245 0 45 14 16 6 7 12
Pink ling 263 0 261 0 2 0 1 7 4 23
Jackass morwong 255 2 245 0 10 2 4 8 6 17
Arrow squid 240 30 235 30 6 1 2 ] 8 18
Piked dogfish 210 25 41 7 169 23 80 10 17 4
Velvet leatherjacket 204 x» 81 ] 128 18 60 1" 12 6
Jack mackerel 188 28 33 7 155 25 82 12 20 5
Sliver trevaily 147 0 146 0 1 0 1 13 9 20
tnshore ocean perch 130 17 16 2 114 16 88 - 14 28 7
Deanla spp. dogfish 121 40 121 40 0 0 o 15 10 2
Offshore ocean perch 120 15 53 7 67 11 &6 16 16 10
Gemfish 119 50 a8 0 81 50 88 17 18 8
Mirror dory 107 28 36 0 71 28 68 18 18 ]
Blue grenadier " 1 68 0 3 1 4 19 13 »
John dory 70 1 66 0 4 1 6 20 14 20
Siiver dory 69 8 30 2 40 4 67 21 21 14
Octopus 65 4 85 4 0 0 [ x» 15 40
Cuttlefish 41 3 25 2 17 2 40 23 23 16
Rubberlip morwong 32 4 6 1 26 4 82 24 35 15
Red gumanrd 27 3 25 3 1 0 5 25 2 26
Angel shark 18 2 18 2 0 0 1 28 24 37
Gummy shark 17 2 16 2 1 1 & 27 25 30
Splky oreo 14 6 14 6 0 0 0 28 27 43
Ribaldo 11 4 10 4 0 0 2 29 28 35
Sawsharks 10 2 10 1 0 0 2 30 29 38
Thintall thresher 8 5 (1] 0 7 5 94 3 52 18
Orange roughy 8 1 6 0 2 1 21 32 33 24
Ogilby’s ghost shark 8 2 6 1 1 1 20 33 32 25
Red spot whiting 7 0 6 0 0 0 2 34 A 38
Centrophorus spp. dogfish 7 2 7 2 0 0 [ 35 30 44
Mosalc {eatherjacket 6 2 6 1 (1] 0 & 38 34 3
Green-eyed dogfish 6 5 5 4 1 1 17 37 38 28
Whaler shark 5 3 1 0 4 2 82 38 50 2
Blue-eye trevatia 5 0 5 0 (1] 0 [} 38 37 45
Southemn calamary 5 1 4 1 4] 0 6 40 38 33
Hapuku 3 1 3 1 0 0 o 41 39 48
Snapper 2 1 2 1 0 0 0 42 40 47
Bastard trtumpeter 2 0 2 0 0 0 [ 43 41 48
School shark 2 1 2 1 0 0 [ 44 42 46
Sharp-beaked gumard 2 0 1 0 0 0 6 45 44 39
Goblin shark 2 2 2 2 0 0 o 46 43 50
Seal shark 1 1 1 1 0 0 3 47 45 42
Tasmanian trumpeter 1 0 1 0 0 0 0 48 48 51
Red cod 1 1 (1] 0 1 1 82 49 53 14
Spotted gumard 1 1 1 1 0 0 6 50 48 41
Eagle ray 1 1 1 1 0 0 [} 51 47 52
King dory 1 0 1 0 0 0 26 52 51 34
Rudderfish 1 1 1 1 0 0 0 83 49 83




Table 9

Contribution of Ulladulla and Eden fleets to mean annual landings (1993-95)
by all trawlers operating in the SEF in NSW

includes catches declared as being taken in SEF waters (outside 3 nm) and NSW waters (inside 3 nm)
excludes trips targeting Royal red prawns (catches of prawns > 50 kg) and trips > 3 days duration
Landings (t) into Landings (t) into
Ulladulla and Eden Ulladulla and Eden

as % of landings
into all NSW ports

Redfish 1,091 70
Spotted trevalla 745 96
Tiger flathead 543 69
Ling 357 73
Jackass morwong 260 90
Blue warehou 249 84
Silver frevally 213 55
John dory 116 55
Mirror dory 99 60
Blue grenadier 75 85
Gemfish 58 54

All quota species 3,926 68




A1
A2
A3
A4
Ab
Ab
AT
A8
A9
A10
A1
A12
AA13
A4
A15
A16
A7
A.18
AA19

A.20
A21
A.22
A.23
A.24
A.25
A.26
A27
A.28
A.29
A30
A.31
A.32
A33
A34
A.35

Appendix A

Species summaries (Observer survey)

Redfish

Spotted trevalla

Tiger flathead
Barracouta

Silver trevally

Pink ling

Southem frostfish
Piked dogfish

Blue warehou

Arrow squid

Jackass morwong
Velvet leatherjacket
Gemfish

Jack mackerel

Mirror dory

Ocean perch (Offshore)
Ocean perch (Inshore)
John dory

Brier shark +
Long-snouted dogfish
Angel sharks

Blue grenadier
Cuttlefish

Silver dory

Octopus

Sawsharks

Rubberiip morwong
Red gumard
Shovelnose ray
Sharp-beaked gumard
Eagle ray

Gummy shark
Centrophorus dogfishes
Eastern blue-spot flathead
Yellowfin bream
Snapper

Centroberyx affinis

Seriolella punctata
Neoplatycephalus richardsoni
Thyrsites atun

Pseudocaranx dentex

Genypterus blacodes

Lepidopus caudatus

Squalus megalops

Seriolella brama

Nototodarus gouldi

Nemadactylus macropterus
Meuschenia scaber

Rexea solandri

Trachurus declivis

Zenopsis nebulosis

Helicolenus percoides (offshore form)
Helicolenus percoides (inshore form)
Zeus faber

Deania spp.

Squatina spp.

Macruronus novaezelandiae
Sepia spp.

Cyttus australis

Order Octopoda
Pristiophorus spp.
Nemadactylus douglasi
Chelidonichthys kumu
Aptychotrema rostrata
Pterygotrigla polyommata
Myliobatis australis
Mustelus antarcticus
Centrophorus spp.
Platycephalus caeruleopunctatus
Acanthopagrus australis
Pagrus aurafus
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Appendix A.1

Redfish

Centroberyx affinis

: Figure 1.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 1.2

Retained and discarded catches (number of fish per fisher-day), by year, by region
4

Figure 1.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 1.1
Annual retained and discarded catches (t)

Table 1.2
Annual retained and discarded catches (number of fish)

Figure 1.4
Size distributions of retained and discarded catches
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Weight (kg)

Weight (kg)

Figure 1.1

Retained and discarded catches (kg per fisher-day) - Redfish

by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 1.2

Retained and discarded catches (number of fish per fisher-day) - Redfish
by Year, by Region

(mean number of fish per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 1.3

Retained and discarded catches (per fisher-day) - Redfish
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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North 1993
1994
1995

Mean 1993-95

Ulladulia 1993
1994

1985

Mean 1993-95

Eden 1993
1994
1995

Mean 1993-95
N+U+E 1993
1994

» 1995

Mean 1993-85

Table 1.1

Annual retained and discarded catches - Redfish (t)

Total (t)

24 +/-
66
43

44
1,260
1,147
1,044
1,150
1.477

984
864
1,108
2,761
2,196
1,951

2,303

26
11

10

59

1068

82

74

418

126

175

157

422

236

194

174

Retained (t)
17 +I- 5
37 14
20 8
25 5
1,078 0
644 0
625 0
782 0
365 0
338 0
222 0
308 0
1,461 5
1,020 14
867 8
1,116 -8

Table 1.2

Discarded (t)
7 +- 3
28 12
23 7
19 5
181 5¢
503 108
419 82
368 74
1,112 418
645 126
643 175
800 157
1,300 422
1177 235
1,085 184
1,187 173

Annual retained and discarded catches - (number of fish, x1000)

North 1993
1994
1995

Mean 199385

Ulladulla 1993

Eden 1993
1994
1895

Mean 1993-95
N+U+E 1993
1894

1995

Mean 1993-85

Total (x1000)

157 +I-
326
317

267

10,801
5,936
4,643

7,160
16,788
11,520
10,847

13,052

38
116
88

61

975

41

3,041
1,088
937

1121
3,075
1,464

1,17

1,185

Retained (x1000)
89 +/- 28
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Figure 1.4, page 1
Size distributions of retained and discarded catches of Redfish

Relained catch: black bars  Discarded catch: white bars
Sample sizes: x (y) denotes a total sample of x fish from y shots (observer survey), or from y landings (co-op survey)
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Appendix A.2

Spotted trevalla

Seriolella punctata

Figure 2.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 2.2

Retained and discarded catches (number of fish per fisher-day), by year, by region
I 4 .

Figure 2.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 2.1
Annual retained and discarded catches (t)

Table 2.2
Annual retained and discarded catches (number of fish)

Figure 2.4
Size distributions of retained and discarded catches



Figure 2.1

Retained and discarded catches (kg per fisher-day) - Spotted trevalla
by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 2.2

Retained and discarded catches (number of fish per fisher-day) - Spotted trevalla
by Year, by Region

(mean number of fish per fisher-day, +/-1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 2.3

Retained and discarded catches (per fisher-day) - Spotted trevalla
by Quarter, by Region

(mean weight and number per fisher-day, +/-1se; Black bars - Retained, White bars - Discarded catch)
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Table 2.1

Annual retained and discarded catches - Spotted trevalla (t)

Total (t) Retained () Discarded (t)
North 1993 0 +- 0 0 +- 0 0 +- 0
1994 0 0 0 0 0 0
1995 0 0 0 0 0 0
Mean 1993-95 0 0 0 ] 0 0
Ulladulla 1993 1 0 1 0 0 0
1994 0 0 0 0 0 0
1995 2 0 2 ] 0 0
Mean 1993-95 1 0 1 0 0 0
Eden 1993 583 2 514 ] 69 29
1994 852 2 848 0 4 2
1995 925 15 870 0 55 15
Mean 1993-95 787 11 744 0 43 11
N+U+E 1993 584 29 515 0 69 29
1994 852 2 848 0 4 2
- 1995 927 15 872 0 55 15
Mean 1993-95 788 1 745 0 43 1

Table 2.2

Annual retained and discarded catches - (number of fish, x1000)

Total (x1000) Retained (x1000) Discarded (x1000.)

North 1993 0 +/- 0 0 +- 0 0 #/- 0
1994 0 0 0 0 0 0
1995 0 0 0 0 0 0
Mean 1993-85 0 0 0 0 0 0
Ulladulla 1993 2 0 2 0 0 0
1994 0 0 0 0 0 0

1995 3 0 3 0 0 0 -
Mean 1993-85 2 0 2 0 0 0
Eden 1993 525 50 400 0 126 50
1994 808 4 798 0 10 4
1995 853 38 704 0 149 38
Mean 1993-95 729 21 634 0 85 21
N+U+E 1893 528 50 402 0 126 50
1994 808 4 798 0 10 4
1995 856 38 707 0 149 38

Mean 1893-85 731 21 636 0 95 21

% Discarded

[~ I~

% Discarded

QO =

24

17

13

24

17

13




Figure 2.4, page 1

Size distributions of retained and discarded catches of Spotted trevalla

Retained catch: black bars  Discarded catch: white bars
Sample sizes: x (y) denotes a total sample of x fish from y shots (observer survey), or from y landings (co-op survey)
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Figure 2.4, page 2
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Appendix A.3

Tiger flathead

Neoplatycephalus richardsoni

Figure 3.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 3.2

Retained and discarded catches (number of fish per fisher-day), by year, by region
”

Figure 3.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 3.1
Annual retained and discarded catches (f)

Table 3.2
Annual retained and discarded catches (number of fish)

Figure 3.4
Size distributions of retained and discarded catches
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Figure 3.1

Retained and discarded catches (kg per fisher-day) - Tiger flathead

by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 3.2

Retained and discarded catches (number of fish per fisher-day) - Tiger flathead

by Year, by Region

(mean number of fish per fisher-day, +/-1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 3.3

Retained and discarded catches (per fisher-day) - Tiger flathead
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 3.1

Annual retained and discarded catches - Tiger flathead (t)

Total (t) Retained (t) Discarded (t) % Discarded
North 1993 29 +/- 6 25 +/- 5 4 +/- 1 14
1994 39 7 32 7 6 2 16
1995 71 10 60 8 1" 2 15
Mean 1993-95 46 5 39 4 7 1 15
Ulladulla 1993 187 8 167 0 21 6 11
1994 201 2 181 0 21 2 10
1995 120 2 109 0 1" 2 9
Mean 1993-95 170 3 152 0 17 3 10
Eden 1993 530 16 463 0 67 16 13
1994 357 p<] 291 0 66 23 18
1995 478 14 4147 0 61 14 13
Mean 1993-95 455 10 390 0 64 10 14
N+U+E 1993 746 19 654 5 N 18 12
1994 596 24 504 7 92 px] 16
o~ 1995 670 17 587 8 83 14 12
Mean 1993-95 671 12 582 4 89 1" 13

Table 3.2

Annual retained and discarded catches - (number of fish, x1000)

Total (x1000) Retained (x1000) Discarded (x1000.) % Discarded

North 1993 82 +- 20 60 +- 14 22 - 8 27
1994 93 16 63 1 30 ] 33

1995 186 26 136 19 50 10 27

Mean 1893-95 120 12 86 ] 34 5 28
Ulladulla 1893 451 38 345 0 2106 36 23
1994 524 24 429 0 04 24 18

1995 294 10 250 0 45 10 16

Mean 1993-85 423 15 342 0 82 15 19

Eden 1993 1,334 143 880 0 454 143 34
1994 1,085 166 581 (] 504 166 46

1995 1,168 75 848 (] 310 75 27

Mean 1993-95 1,192 74 770 (] 422 a4 35
N+U+E 1893 1,867 149 1,285 14 582 148 31
1994 1,702 169 1,073 1" 629 168 37

1995 1,639 80 1,234 19 404 76 25

Mean 1993-95 1,736 80 1,197 0 538 79 K]




Figure 3.4, page 1

Size distributions of retained and discarded catches of Tiger flathead

Retained catch: black bars  Discarded catch: white bars
Sample sizes: x (y) denotes a total sample of x fish from y shots (observer survey), or from y landings (co-op survey)
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Appendix A.4

Barracouta

Thyrsites atun

Figure 4.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 4.2

Retained and discarded catches (number of fish per fisher-day), by year, by region
4

. Figure 4.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 4.1
Annual retained and discarded catches ()

Table 4.2
Annual retained and discarded catches (number of fish)
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Weight (kg)

Retained and discarded catches (kg per fisher-day) - Barracouta

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)

Figure 4.1
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Figure 4.3

Retained and discarded catches (per fisher-day) - Barracouta
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1se; Black bars - Retained, White bars - Discarded catch)
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Figure 4.2

Retained and discarded catches (number of fish per fisher-day) - Barracouta

by Year, by Region

(mean number of fish per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 4.1

Annual retained and discarded catches - Barracouta (t)

Total (t) Retained (t) Discarded (t) % Discarded

North 1993 0 +- ] 0 +- ] 0 +- 0

1994 0 0 0 0 0 0

1995 0 1} 0 1} 0 1}

Mean 1993-95 0 1} 0 0 0 0
Ulladulla 1993 2 1 1 1 1 1 36
1994 0 0 0 0 0 0 100
1995 3 2 0 0 3 2 99
Mean 1993-95 2 1 1 0 1 1 72
Eden 1993 473 78 273 47 200 65 42
1994 418 104 265 67 152 45 36
1995 494 168 244 115 250 118 51
Mean 1993-85 461 70 261 47 201 47 44
N+U+E 1993 475 78 274 47 201 65 42
1994 418 104 265 67 152 45 36
- 1995 497 168 244 115 252 118 51
Mean 1993-95 463 70 261 47 202 47 44

Table 4.2

Annual retained and discarded catches - (number of fish, x1000)

Total (x1000) Retained (x1000) Discarded (x1000.) % Discarded
North 1993 0 /- 0 0 +/- 0 0 #/- 0
1994 0 0 0 0 0 0
1995 0 0 0 0 0 0
Mean 1993-95 0 0 0 0 0 0
Ulladulla 1993 2 1 1 1 1 1 48
‘ 1994 0 0 0 0 0 0 100
1995 3 2 0 0 3 2 98
Mean 1993-95 2 1 0 0 1 1 79
Eden 1993 474 88 217 38 257 77 54
1994 386 84 199 48 186 49 48
1995 461 159 159 53 303 147 66
Mean 1993-85 440 67 192 27 249 58 56
N+U+E - 1993 476 88 218 33 258 77 54
1994 386 84 199 48 187 49 48
1995 464 159 159 53 306 147 66

Mean 1993-95 442 67 192 27 250 58 57




Appendix A.5

Silver trevally

Pseudocaranx dentex

Figure 5.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 5.2

Retained and discarded catches (number of fish per fisher-day), by year, by region
g

Figure 5.3
Retained and discarded catches (per fisher-day), by quarter, by region

: Table 5.1
Annual retained and discarded catches (t)

Table 5.2
Annual retained and discarded catches (number of fish)

Figure 5.4
Size distributions of retained and discarded catches



Figure 5.1

Retained and discarded catches (kg per fisher-day) - Silver trevally
by Year, by Region

(mean kg. per fisher-day, +/-1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 5.2

Retained and discarded catches (number of fish per fisher-day) - Silver trevally
by Year, by Region

(mean number of fish per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 5.3

Retained and discarded catches (per fisher-day) - Silver trevally
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 5.1

Annual retained and discarded catches - Silver trevally (f)

Total (t) Retained (t) Discarded (t)
North 1893 240 +/- 37 240 +/- 37 0 +- 0
1994 148 33 148 33 0 0
1985 136 29 131 28 4 2
Mean 1993-95 174 19 173 19 2 1
Ulladuila 1993 50 0 50 0 0 0
1994 76 0 76 0 0 0
1985 73 0 73 0 0 0
Mean 1993-95 66 (] 66 (] 0 ]
Eden 1993 166 0 165 0 0 0
1994 116 1 114 0 2 1
1995 160 0 160 0 0 0
Mean 1993-95 147 0 146 0 1 0
N+U+E 1993 455 37 454 37 0 0
1994 340 33 338 33 2 1
- 1995 369 29 365 28 4 2
Mean 1993-95 388 19 386 19 2 1

Table 5.2

Annual retained and discarded catches - {(number of fish, x1000)

Total (x1000) Retained (x1000)  Discarded (x1000.)
North 1993 40 +- 7 410 + 71 0+ o
1994 278 63 276 63 2 1

1885 289 63 269 61 20 9

Mean 1993-95 326 38 318 a7 7 3
Ulladulla ~* 1893 53 0 53 0 0 0.
1994 194 0 194 0 0 0’

1995 150 0 150 0 0 0

Mean 1993-95 132 0 132 0 0 0
Eden 1893 245 2 243 0 2 2
1994 135 4 129 0 6 4

1995 244 1 243 0 1 1

Mean 1993-95 208 2 205 0 3 2
N+U+E 1993 708 7 706 7 2 2
1994 607 63 599 63 8 4

1885 682 63 662 &1 21 0

Mean 1993-95 666 38 656 a7 10 R

% Discarded

Qoo W oo

ONO

% Discarded

Q0O

O =




Figure 5.4, page 1

Size distributions of retained and discarded catches of Silver trevally

Retained catch: black bars  Discarded catch: white bars
Sample sizes: x (y) denotes a total sample of x fish from y shots (observer survey), or from y fandings (co-op survey)
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Figure 5.4, page 2
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Appendix A.6

Ling

Genypterus blacodes

Figure 6.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 6.2
Retained and discarded catches (number of fish per fisher-day), by year, by region
[

Figure 6.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 6.1
Annual retained and discarded catches (t)

Table 6.2
Annual retained and discarded catches (number of fish)

Figure 6.4
Size distributions of retained and discarded catches
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Figure 6.1

Retained and discarded catches (kg per fisher-day) - Ling
by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 6.2

Retained and discarded catches (number of fish per fisher-day) - Ling
by Year, by Region

(mean number of fish per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 6.3

Retained and discarded catches (per fisher-day) - Ling
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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North 1993
1994
1985

Mean 1993-95
Ulladulla 1993
1994

1995

Mean 1993-95

Eden 1993
1994

1995

Mean 1993-95
N+U+E 1993
1994

» 1995

Mean 1893-95

Table 6.1

Annual retained and discarded catches - Ling (t)

Total (f)

[=N =N

o

96
104

96

[=]

(==

Retained (f)

[N =]

o

06

96

242
307

261

338
397

357

Table 6.2

+-

o

Discarded (t)
0 +- 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0
3 1
2 1
2 0
0
3 1
2 1
2 0

Annual retained and discarded catches - (number of fish, x1000)

North 1993
1994
1995

Mean 1993-85
Ultadulla 1693
1994

1995

Mean 1993-95

Eden 1993
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Mean 1993-95
N+U+E 1993
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- O
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o

Discarded (x1000.)
0 +- 0
0 0
0 0
0 0
0 o
1 ‘A
0 0
0 0
2 1

16 5
7 2
8 2
2 1

16 5
7 2

% Discarded

OO0

% Discarded

-




North, 1993

Figure 6.4, page 1

Size distributions of retained and discarded catches of Ling
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Figure 6.4, page 2
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Appendix A.7

Southern frostfish

Lepidopus caudatus

Figure 7.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 7.2
Retained and discarded catches (number of fish per fisher-day), by year, by region
4
Figure 7.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 7.1
Annual retained and discarded catches (f)

, Table 7.2
Annual retained and discarded catches (number of fish)




Retained and discarded catches (kg per fisher-day) - Southern frostfish
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(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 7.2

Retained and discarded catches (number of fish per fisher-day) - Southern frostfish
by Year, by Region

(mean number of fish per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 7.3

Retained and discarded catches (per fisher-day) - Southern frostfish
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 7.1

Annual retained and discarded catches - Southern frostfish (t)

North 1993
1994

1995

Mean 1993-85
Ulladulla 1993
1994

1995

Mean 1983-95

Eden 1993
1994

1995

Mean 1993-85

N+U+E 1993

Mean 1993-85

Total (t)

[«NeNal

o

25
12
32
443
172
290
302
468

230
302

Retained (t)
0 0 +/-
0 0
0 0
0 0
1 21
26
6 3
1 17
175 179
65 77
99
118
176 200
7 103
85 102
69 135
Table 7.2

61

3

5 B3R

Discarded (t)

oo

o

15

264
191
183
267
127
200

198

+/-

148
37
70

148

KAl

Annual retained and discarded catches - (number of fish, x1000)

North 1993
1994
1995

Mean 1893-95

Ulladulla 1993

Eden 1993
1994
1995

Mean 1993-85
N+U+E 1993
1994

1985

Mean 1893-85

Total (x1000) Retained (x1000)
0 +/- 0 0 +/- 0

0 0 0 0

0 0 0 0

0 0 0 0
22 10 11 5
107 65 13 8
17 9 1 1
49 2 8 3
476 214 101 38
140 45 39 18
298 87 58 17
305 78 66 15
498 214 11 37
247 79 52 20
316 88 60 17
353 81 74 15

Discarded (x1000.)

[l =]

o

11

16

375
101
240

239
386
195
256

279

+/-

o B~

21

79

74

70
79

76

% Discarded

% Discarded

78
81

79




Appendix A.8

Piked dogshark

Squalus megalops

Figure 8.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 8.2 :
Retained and discarded catches (number of fish per fisher-day), by year, by region
| 4

Figure 8.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 8.1
Annual retained and discarded catches (t)

Table 8.2
Annual retained and discarded catches (number of fish)




Weight (kg)

Weight (kg)

Weight (kg)

Weight (kg)

Figure 8.1

Retained and discarded catches (kg per fisher-day) - Piked dogshark
by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 8.2

Retained and discarded catches (number of fish per fisher-day) - Piked dogshark
by Year, by Region

(mean number of fish per fisher-day, +/-1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 8.3

Retained and discarded catches (per fisher-day) - Piked dogshark
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 8.1

Annual retained and discarded catches - Piked dogshark (f)

Total (t) Retained (t) Discarded (t) % Discarded
North 1993 23 +/- 16 21 +/- 15 1 +- 1 6
1994 44 37 37 30 7 7 16
1995 41 15 38 14 3 2 8
Mean 1993-95 36 14 32 12 4 2 11
Ulladulla 1993 48 9 47 9 1 0 1
1994 88 29 87 29 0 0 0
1995 65 16 65 16 0 0 1
Mean 1993-85 67 12 67 12 0 0 1
Eden 1993 233 49 44 14 189 45 81
1994 232 44 43 10 189 41 81
1995 166 36 37 9 129 29 78
Mean 1993-95 210 25 41 7 169 23 80
N+U+E 1993 304 52 112 23 192 45 63
1994 364 64 167 43 196 42 54
s 1995 272 42 140 23 133 29 49
Mean 1993-95 313 31 140 18 174 23 55

Table 8.2

, Annual retained and discarded catches - (humber of fish, x1000)

Total (x1000) Retained (x1000) Discarded (x1000.) % Discarded

North 1993 42 +/- 28 38 +- 24 4 +- 3 10
1994 48 37 34 24 14 14 29

1995 68 25 59 21 9 5 13

Mean 1893-85 53 17 44 13 9 5 17
Ulladulla 1993 69 15 67 15 2 1 2
1994 124 38 123 38 1 1 1

1995 89 20 88 20 1 1 1

Mean 1993-95 94 15 93 15 1 0 1

Eden 1993 576 134 49 18 527 131 91
1994 540 108 46 1 494 106 91

1995 430 92 42 10 388 88 90

Mean 19893-95 515 65 46 7 470 63 91
N+U+E 1993 687 138 154 32 533 131 78
1994 713 120 203 46 510 107 71

1995 587 88 189 31 397 88 68

Mean 1993-95 662 69 182 21 480 63 72




Appendix A.9

Blue warehou

Seriolella brama

Figure 9.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 9.2
Retained and discarded catches (number of fish per fisher-day), by year, by region
-4

Figure 9.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 9.1
Annual retained and discarded catches (f)

Table 9.2
Annual retained and discarded catches (number of fish)

Figure 9.4
Size distributions of retained and discarded catchesv
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Weight (kg)

Weight (kg)

Weight (kg)

Figure 9.1

Retained and discarded catches (kg per fisher-day) - Blue warehou
by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 9.2

Retained and discarded catches (number of fish per fisher-day) - Blue warehou
by Year, by Region

(mean number of fish per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 9.3

Retained and discarded catches (per fisher-day) - Blue warehou
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 9.1

Annual retained and discarded catches - Blue warehou (f)

Total (t) Retained (t) Discarded (t) % Discarded

North 1993 0 +/- 0 0 +- 0 0 +- 0

1994 0 0 0 0 0 0

1995 0 0 0 0 0 0

Mean 1993-95 0 0 0 0 0 0
Ulladulla 1993 2 ] 2 0 0 0 0
1994 0 0 0 0 0 0 0
1995 12 0 12 0 0 0 0
Mean 1993-95 5 0 5 0 0 0 0
Eden 1993 193 8 181 0 12 8 6
1994 343 21 301 0 42 21 12
1995 332 37 252 0 81 37 24
Mean 1993-85 289 14 245 0 45 14 16
N+U+E 1993 195 8 184 0 12 8 6
1994 343 21 301 0 42 21 12
. 1985 345 37 264 0 81 37 23
Mean 1993-95 294 14 249 0 45 14 15

Table 8.2

Annual retained and discarded catches - (number of fish, x1000)

Total (x1000) Retained (x1000) Discarded (x1000.) % Discarded
North 1993 0 +/- 0 0 +/- 0 0 +/- 0
1994 0 0 0 0 0 0 100
| 1995 0 0 0 0 0 0
Mean 199395 0 0 0 0 0 0 100
Ulladulia 1993 1 0 1 0 0 0 0
1994 0 0 0 0 0 0 0
1695 34 0 34 0 0 0 0
Mean 1993-65 12 0 12 0 0 0 0
Eden 1993 187 2 153 0 35 2 18
1994 471 56 353 0 118 56 25
1995 519 94 280 0 239 04 46
Mean 1993-95 393 37 262 0 131 a7 33
N+U+E 1993 189 23 154 0 35 23 18
1994 472 56 353 0 118 56 25
1895 5653 04 313 0 239 04 43

Mean 1893-95 404 a7 274 0 131 37 32




Figure 9.4, page 1

Size distributions of retained and discarded catches of Blue warehou

Retained catch: black bars  Discarded catch: white bars
Sample sizes: x (y) denotes a total sample of x fish from y shots (observer survey), or from y landings (co-op survey)
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Figure 9.5, page 2
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Appendix A.10

Arrow squid

Nototodarus gouldi

Figure 10.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 10.2
Retained and discarded catches (number of fish per fisher-day), by year, by region
&~
Figure 10.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 10.1
Annual retained and discarded catches (f)

Table 10.2
Annual retained and discarded catches (number of fish)



Figure 10.3

Retained and discarded catches (per fisher-day) - Arrow squid
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 10.1

Annual retained and discarded catches - Arrow squid (t)

Discarded (t)
0 +- 0
0 (]
0 0
0 0
0 (]
0 0
1 (]
0 (]
4 1
7 2
6 1
6 1
4 1
8 2
7 1
6 1

Total (t) Retained (t)
North 1993 2 4 0 2 +- 0
1994 2 1 1 1
1995 4 1 3 1
Mean 1993-95 2 () 2 0
Ulladulla 1993 39 5 39 5
1994 36 8 35 8
1995 37 6 36 6
Mean 1993-95 37 4 37 4
Eden 1993 260 45 256 45
1994 129 17 122 16
1995 332 76 326 78
Mean 1993-95 240 30 235 30
N+U+E 1993 301 45 297 45
1994 166 18 158 18
o 1995 373 76 366 76
Mean 1993-95 280 30 274 30
Table 10.2
Annual retained and discarded catches - (number of fish, x1000)
Total (x1000) Retained (x1000)
North 1893 13 +- 4 13 +/- 4
1994 9 3 3 1
1995 19 4 17 4
Mean 1993-65 14 2 11 2
Ulladulla 1993 135 23 135
1994 184 44 180 43
1995 141 19 134 19
Mean 1993-95 153 18 150 17
Eden 1993 523 g0 494 g0
1994 307 42 267 38
1995 867 235 808 234
Mean 1993-95 566 88 523 88
N+U+E 1993 671 102 642 101
1994 500 60 450 57
1995 1,027 235 959 235

Mean 1993-85 733 86 684 87

Discarded (x1000.)
1 +- 0
6 3
2 1
3 ]
0 Ni]
3 2
8 3
4 ]

28 8
41 12
69 19
43 8
29 8
50 13
68 19
49 8

% Discarded

NON

NG =

% Discarded

20

(& L~

N




Appendix A.11

Jackass morwong

Nemadactylus macropterus

Figure 11.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 11.2
Retained and discarded catches (number of fish per fisher-day), by year, by region
-~

Figure 11.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 11.1
Annual retained and discarded catches (f)

" Table 11.2
Annual retained and discarded catches (number of fish)

Figure 11.4
Size distributions of retained and discarded catches




Figure 11.1

Retained and discarded catches (kg per fisher-day) - Jackass morwong
by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 11.2

Retained and discarded catches (number of fish per fisher-day) - Jackass morwong
by Year, by Region

(mean number of fish per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 11.3

Retained and discarded catches (per fisher-day) - Jackass morwong
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)

North North
150 250 -
— 200 4
[=] | =
< 100 & 150 -
S E
2 5. E 100 -
= € 504
0 T T T 1 0 Ll ] T 1
Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-
Mar Jun Sep Dec Mar Jun Sep Dec
Ulladulla Ulladulla
150 - 250
= 200
£ 1004 g £
% e 150
@ 50 E 100
; 4
50
O M e | ~- 0 ——— _—
Jan- Apr- Jul- Oct- Jan- Apr- Jut- Oct-
Mar Jun Sep Dec Mar Jun Sep Dec
Eden Eden
150 - 250
B 1004 ; s 200
£ = 180
3 50- E 100
= | Z 5
.04 0
Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-
Mar Jun Sep Dec Mar Jun Sep
North + Ulladulla + Eden North + Ulladulla + Eden
150 e 250
g 100 P 200
£ = 150
£ :
g 50 - E 100
Z g
0 - 0
Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct-

Mar Jun Sep Dec Mar Jun Sep Dec



Table 11.1

Annual retained and discarded catches - Jackass morwong (t)

North 1993
1994

1995

Mean 1993-95

Ulladulla 1993
1994

1985

Mean 1993-85

Eden 1993
1994

19895

Mean 1993-95

N+U+E 1993
1994

s 1995

Mean 1993-85

Total (t)

0
0
0
0
14
17
15

15

257
226

255

270
240

270

+-

(==

Retained (t)

+-

0oOo0o

o

14
17
15

15
244
266
224

245

Table 11.2

[=]

Discarded (t)
0 +- 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
12 4
17 5
1 0
10 2
12 4
17 5
1 0
10 2

Annual retained and discarded catches - (number of fish, x1000)

North 1993
1894

1995
Mean 1893-95
1993

1894
1995

Ulladulla

Mean 1993-95

19893
1894
1885

Eden

Mean 1993-85

N+U+E 1893
1994

1895

Mean 1993-85

Total (x1000)

000

[«

16

19

19

517

430

420
537
389

449

+/-

o

15
18

15

18

Retained (x1000)

+/-

359
452

392

375
473

M1

o

o o

Discarded (x1000.)
0 +- 0
0 (]
0 0
0 (]
0 (]
0 0.
0 0
0 0
45 15
64 18
5 1
38 8
45 15
84 18
5 1
38 8

% Discarded
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Figure 11.4, page 1

Size distributions of retained and discarded catches of Jackass morwong

Retained catch: black bars  Discarded catch: white bars
Sample sizes: x (y) denotes a total sample of x fish from y shots (observer survey), or from y landings (co-op survey)
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Figure 11.4, page 2
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Appendix A.12

Velvet leatherjacket

Meuschenia scaber

Figure 12.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 12.2
Retained and discarded catches (number of fish per fisher-day), by year, by region

"~

'Figure 12.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 12.1
Annual retained and discarded catches (f)

Table 12.2
Annual retained and discarded catches (number of fish)




Figure 12.1

Retained and discarded catches (kg per fisher-day) - Velvet leatherjacket
by Year, by Region

(mean kg. per fisher-day, +/-1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 12.2

Retained and discarded catches (number of fish per fisher-day) - Velvet leatherjacket
by Year, by Region

(mean number of fish per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 12.3

Retained and discarded catches (per fisher-day) - Velvet leatherjacket
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 12.1

Annual retained and discarded catches - Velvet leatherjacket (t)

North 1993
1994
1995

Mean 1993-95

Ulladulla 1993
1994
1995

Mean 1893-95

Eden 1993
1994
1995

Mean 1993-95

N+U+E 1993
1994
o 1885

Mean 1993-95

Total (t)

0 +-
8
7

1
219
283

204
116
232
302

216

o

N

Retained (t)

+-

o NNOo

- oh

75

130

81

3868

92

Table 12.2

17
10

Discarded (t)

0 +- 0

1 1

0 0

0 0

0 0

0 0

1 0

0 0
36 7
181 38
183 38
123 18
36 7
182 36
154 38
124 18

Annual retained and discarded catches - {(number of fish, x1000)

North 1993
1994
1995

Mean 1993-85
Ulladulla 1993
1994

1995

Mean 1993-95

Eden 1993
1994

1995

Mean 1993-85
N+U+E 1993
1994

1995

Mean 1993-85

Total (x1000)
2 +- 1
63 24
46 9
37 8
24 7
27 9
62 11
a8 5
713 130
1,831 360
2,137 448
1,560 196
739 130
1,921 361
2,245 446
1,635 198

Retained (x1000)
2 +- 1
55 2
43 9
33 8
22 7
26 9
57 9
35 5
389 85
182 48
732 17
435 51
413 85
263 53
832 117
503 52

Discarded (x1000.)

1 +- 0

7 5

3 1

4 2

2 1

1 1

5 3

3 1
323 75
1,648 337
1,405 401
1,126 176
326 75
1,657 337
1,412 401
1,132 176

% Discarded

19
11
4

NAN

32
54

60

31
51

57

% Discarded

24
12
7

10

@t &




Appendix A.13

Gemfish

Rexea solandri

Figure 13.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 13.2

Retained and discarded catches (number of fish per fisher-day), by year, by region
~

Figure 13.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 13.1
Annual retained and discarded catches (t)

Table 13.2
Annual retained and discarded catches (number of fish)

Figure 13.4
Size distributions of retained and discarded catches
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Figure 13.1

Retained and discarded catches (kg per fisher-day) - Gemfish

by Year, by Region
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Figure 13.2

Retained and discarded catches (number of fish per fisher-day) - Gemfish
by Year, by Region

(mean number of fish per fisher-day, +/-1 se; Black bars - Retained, White bars - Discarded catch)
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(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Weight (kg)

Figure 13.3

Retained and discarded catches (per fisher-day) - Gemfish
by Quarter, by Region
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Table 13.1

Annual retained and discarded catches - Gemfish (t)

North 1993
1994
1985

Mean 1993-85
Ulladulla 19983
1994

1995

Mean 1993-85

Eden 1993
1994

1995

Mean 1993-95
N+U+E 1993
1994

o 1995

Mean 1993-95

Total (t)

[= RN

o

193

84

294

26

119

487

203

[=}

149

Retained (t)

0 +/- 0

0 0

0 0

0 0
36 0
15 0

8 0
20 0
53 0
36 0
25 0
38 0
90 0
51 0
33 0
58 0

Table 13.2

Discarded (t)

0 +- 0
0 0
0 0
0 0
157 152
36 2
1 1
65 51
240 149
1 1

2
81 50
397 213
37 2
3 1
146 71

Annual retained and discarded catches - (number of fish, x1000)

North 1993
1994
1995

Mean 1993-95
Ulladulia 1993
1994

1995

Mean 1993-95

Eden 1993
1994

1995

Mean 1993-85
N+U+E 1993
1994

1895

Mean 1893-95

0 +-
0
0

0

61
14
12
29

272

113

333

142

Total (x1000)

[=}

51

Retained (x1000)
04+ o
0 0
0 0
0 0

32 0
6 0
7 0

15 0

38 0

27 0

31 0

32 0

70 0

33 0

38 0

47 0

% Discarded

100

100

81
10

77

Discarded (x1000.) % Discarded

0 +/- 0

0 0

0 0

0 0
29 25 ;-
7 4.

5 4

14 [}

234 183

4 2

7 3

82 61

263 1585

1 4

12 &

95 52

100

47
42

47




Figure 13.4, page 1

Size distributions of retained and discarded catches of Gemfish

Retained catch; black bars  Discarded catch: white bars
Sample sizes: x (y) denotes a total sample of x fish from y shots (observer survey), or from y fandings (co-op survey)
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Figure 13.4, page 2
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Appendix A.14

Jack mackerel

Trachurus declivis

Figure 14.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 14.2
Retained and discarded catches (per fisher-day), by quarter, by region

~

Table 14.1
Annual retained and discarded catches (t)
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Weight (kg)

Figure 14.1

Retained and discarded catches (kg per fisher-day) - Jack mackerel
by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 14.2

Retained and discarded catches (per fisher-day) - Jack mackerel
by Quarter, by Region

(mean weight per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 14.1

Annual retained and discarded catches - Jack mackerel (t)

Total (t) Retained (t) Discarded (t)

North 1993 0 +- 1} 0 +/- 0 0 +- 0
1994 0 1} 0 0 0 0

1995 1 1 1 1 0 0

Mean 1993-95 0 (] 0 0 0 ]
Ulladulia 1993 6 3 6 3 0 0
1894 5 3 5 3 0 0

1985 8 2 5 2 2 1

Mean 1993-95 6 1 5 1 1 ]

Eden 1993 130 42 22 13 108 41
1994 168 37 17 7 151 36

1995 267 62 61 16 206 52

Mean 1993-95 188 28 33 7 155 25
N+U+E 1893 136 42 28 13 108 41
1994 173 37 22 8 151 36

1995 275 62 67 16 209 52

*

Mean 1993-95 195 28 39 7 156 25

% Discarded

83
77

82

80
76

80




Appendix A.15

Mirror dory

Zenopsis nebulosis

: Figure 15.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 15.2

Retained and discarded catches (number of fish per fisher-day), by year, by region
4

Figure 15.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 15.1
Annual retained and discarded catches (t)

Table 15.2
Annual retained and discarded catches (number of fish)

Figure 15.4
Size distributions of retained and discarded catches
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Figure 15.2

Retained and discarded catches (number of fish per fisher-day) - Mirror dory

by Year,

by Region

(mean number of fish per fisher-day, +/- 1 se: Black bars - Retained, White bars - Discarded catch)
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Figure 15.3

Retained and discarded catches (per fisher-day) - Mirror dory
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 15.1

Annual retained and discarded catches - Mirror dory (t)

1993
1994
1995

North

Mean 1993-95

1993
1994
1995

Ulladulla

Mean 1993-95

Eden 1993
1994

1995

Mean 1993-85

N+U+E 1993
1994
o 1995

Mean 1993-85

Total (t)

79
46

70

94
107
136
254
141

177

82
17

28

(4]

82
18

Retained (t)

+/-

[o NN ol

o

75
37

Bes

36

116

70

99

Table 15.2

Discarded (t)
0 +/- 0
0 0
0 0
0 0
2 1
9 4
9 3
7 2
19 5
131 82
62 17
71 28
21 5
141 82
4 18
78 28

Annual retained and discarded catches - (number of fish, x1000)

1993
1994
1995

North ‘

Mean 1993-95

Uiladulla 1993
1994

1695
Mean 1893-85
1693

1994
1995

Eden

Mean 1993-95

N+U+E 1993
1894

1995

Mean 1893-85

Total (x1000)
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102
493
355
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477

420
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o
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Retained (x1000)

0 +-
0
1

0

70
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8a8
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o

Discarded (x1000.)
0 +/- 1}
0 0
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1 0
11 4.
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46 12
33 7
63 15
440 268
303 87
269 04
74 15
484 268
350 88
303 94

% Discarded
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11
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g8a

% Discarded
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&7
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North, 1993

Rel froq.

Figure 15.4, page 1

Size distributions of retained and discarded catches of Mirror dory

Retained catch: black bars  Discarded catch: white bars
Sample sizes: x {y) denotes a total sample of x fish from y shots (observer survey), or from y landings (co-op survey)
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Appendix A.16

Ocean perch (offshore form)

Helicolenus percoides (offshore form)

Figure 16.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 16.2

Retained and discarded catches (number of fish per fisher-day), by year, by region
~

Figure 16.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 16.1
Annual retained and discarded catches (t)

Table 16.2
Annual retained and discarded catches (number of fish)

Figure 16.4
Size distributions of retained and discarded catches




Figure 16.1

Retained and discarded catches (kg per fisher-day) - Ocean perch (off.)
by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 16.2

Retained and discarded catches (number of fish per fisher-day) - Ocean perch (off.)
by Year, by Region

(mean number of fish per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 16.3

Retained and discarded catches (per fisher-day) - Ocean perch (off.)
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 16.1

Annual retained and discarded catches - Ocean perch (off.) (t)

North 1993
1994
1995

Mean 1993-95
Ulladulla 1993
1994

1995

Mean 1993-95

Eden 1993
1994

1995

Mean 1993-85
N+U+E 1993
1994

1995

Mean 1993-85

Total (t)

[~N =N

o

78
21
56
90
124
146
120
169
192
168

176

[=]

16
19

883

Retained (t)

+/-

(=N oMol

o

71
18

52

55
55
53
127
115
74

105

Table 16.2

[=]

16
18

1
15
1

19
24
12

1

Discarded (t)
0 +/- 0
0 0
0 0
0 ]
7 1
2 1
3
4 1

35 10
75 20
o1 22
67 1
42 10
77 20
93 2
71 1

Annual retained and discarded catches - (number of fish, x1000)

North 1993
1994
16885

Mean 1993-85
Ulladulla 1993
1994

1995

Mean 1993-95

Eden 1993
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1995

Mean 1993-85
N+U+E 1993
1994

1995

Mean 1993-95

Total (x1000)

(ol eNe]

(=

153
125

112

273

750

426
790

674

+/-

[=]

28
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14

61

172

165

82

67

174
165

Retained (x1000)
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000

o
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87

107
116
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221
163

203

o

o8 8
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17

32
47

21

Discarded (x1000.)
0 +/- 0
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0 0
0 0
40 7.
15 4
18 6"
24 3
166 p
549 157
625 148
447 74
205 48
565 157
643 148
471 74

% Discarded

39
62

56

§88
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Figure 16.4, page 1

Size distributions of retained and discarded catches of Ocean perch (off.)

Retained catch; black bars  Discarded catch; white bars

Sample sizes: x (y) denotes a total sample of x fish from y shots (observer survey), or from y landings (co-op survey)
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Appendix A.17

Ocean perch (inshore form)

Helicolenus percoides (inshore form)

Figure 17.1
Retained and discarded catches (kg per fisher-day), by year, by region

Figure 17.2
Retained and discarded catches (number of fish per fisher-day), by year, by region

=

Figure 17.3
Retained and discarded catches (per fisher-day), by quarter, by region

Table 17.1
Annual retained and discarded catches (t)

Table 17.2
Annual retained and discarded catches (number of fish)-

Figure 17.4
Size distributions of retained and discarded catches




Figure 17.1

Retained and discarded catches (kg per fisher-day) - Ocean perch (Ins.)
by Year, by Region

(mean kg. per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Figure 17.2

Retained and discarded catches (number of fish per fisher-day) - Ocean perch (Ins.)

by Year, by Region

(mean number of fish per fisher-day, +/-1se; Black bars - Retained, White bars - Discarded catch)
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Figure 17.3

Retained and discarded catches (per fisher-day) - Ocean perch (Ins.)
by Quarter, by Region

(mean weight and number per fisher-day, +/- 1 se; Black bars - Retained, White bars - Discarded catch)
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Table 17.1

Annual retained and discarded catches - Ocean perch (Ins.) (f)

North 1983
1994

1995
Mean 1993-85
1993

1994
1995

Ulladulla

Mean 1993-95

1993
1994
1995

Eden

Mean 1993-95

N+U+E 1993
1994

1985

Mean 1993-95

Total (t)

b=

w
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[N
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Retained (t)

+-

onN
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13
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Table 17.2

Discarded (t)

1 +- 0

3 2

2 1

2 1
10 2
2 1

9 2

7 1
70 18
80 17
193 40
114 16
80 18
85 17
205 40
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Annual retained and discarded catches - (number of fish, x1000)

North 1993
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Figure 17.4, page 1

Size distributions of retained and discarded catches of Ocean perch (Ins.)

Retained catch; black bars  Discarded catch: white bars
Sample sizes: x (y) denotes a total sample of  fish from y shots (observer survey), or from y landings (co-op survey)
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