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Impact of gillnet fishing on inshore temperate reef fishes, with particular reference to banded morwong

1 NON-TECHNICAL SUMMARY

95/145 Impact of gillnet fishing on inshore temperate reef fishes, with
particular reference to banded morwong

Principal Investigator: Dr Jeremy Lyle
Project Research Officer: Raymond Murphy
Address: Tasmanian Aquaculture and Fisheries Institute

Marine Research Laboratories

Taroona, Tasmania 7053

Telephone: (03) 6227 7277 Fax: (03) 6227 8035
E-mail: Ray.Murphy@dpiwe.tas.gov.au

Objectives:

(1) Describe life history and population parameters of the key commercial reef fish species.

(2) Determine gillnet mesh selectivity for commercial, and by-catch, reef species.

(3) Determine the size/age composition of banded morwong populations at different sites off the east
coast of Tasmania, with particular attention to the impact of differing levels of fishing pressure.

(4) Determine patterns of movement for banded morwong, wrasse and bastard trumpeter.

(5) Assess the level of by-catch and discarding in the inshore gillnet fishery.

(6) Conduct yield per recruit analyses to determine appropriate legal size limits.

Non-technical summary:

The ‘live fish’ fishery for banded morwong commenced in 1993, resulting in a dramatic increase in
catches. In its early development, many fishers showed considerable interest in the fishery and in an
attempt to limit catch and effort, management restrictions such as limited entry, minimum and
maximum size limits (33 and 43 cm, respectively) and a closed season were introduced. Since 1995,
landings have stabilised at approximately 80 tonne per annum.

Banded morwong are targeted using large mesh gillnets, set on inshore rocky reefs, on the east coast
of Tasmania, predominantly in depths of 5 to 25 m. The fishery is strongly weather dependant.

Banded morwong spawn on inshore rocky reefs between late February and early May. Both sexes
grow rapidly for the first 4 to 6 years but growth in females then slows dramatically, with the onset of
sexual maturity. Males grow faster and reach a larger maximum size than females. The maximum
size recorded for males is about 55 cm FL compared to 51 cm for females, although very few females
attain sizes larger than 45 cm. Growth rates were slightly faster in the Bicheno region, in the north,
compared to the Tasman Peninsula, in the south. Approximately 50% of females are mature at 32 cm
(4 years) and almost 100% are mature at 37 cm (8 years). Size at maturity in males is unknown.
Maximum recorded ages are 86 years for females and 81 years for males. Ageing protocols for
sectioned otoliths were validated using fluorochemical marking techniques. Estimates of natural
mortality are very low, ranging between 0.03 and 0.07.

Distinct size structuring of banded morwong was observed between individual reefs. Comparisons

between populations in a marine reserve (Governor Island) and adjacent exploited reefs provided no
clear evidence of different size structure that could be related to the effects of fishing.
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The size composition of commercial catches of banded morwong are largely determined by the
selectivity of the gillnets used in the fishery. In a effort to produce a representative population size
structure, selectivities for a range of mesh sizes were determined for banded morwong and applied to
commercial length frequency data. The size distribution of the commercial catch reflects the
population structure for females, but the number of males below 46 cm is over-represented and the
number over 46 cm is under-represented in commercial catches. Because of their slower growth rate
and generally smaller size, females dominate the retained catch, the fishery being regulated by
minimum and maximum size limits.

Yield per recruit and egg per recruit analyses demonstrated that the minimum and maximum size
limits that applied during the bulk of this study were inappropriate, effectively offering minimal
protection for females, the minimum size being only just above the size at 50% maturity and very few
females exceeding the maximum size. As a result of recommendations from this study, including a
workshop with industry, size limits were increased to 36 and 46 cm, respectively

The utility of commercial catch sampling, research and tagging data, collected from the live fish
fishery, was greatly enhanced by the use of a biopsy probe to determine the sex of banded morwong in
a non-destructive manner. The biopsy probe also proved successful in taking gonad samples to assess
the stage of maturity in live fish. This method may have an application for other studies examining
sex composition of catches in the field.

By-catch is minimal in the banded morwong fishery, the target species dominating the catch.
Draughtboard shark, marble fish and banded morwong (outside of legal size limits) comprise the bulk
of the by-catch and are generally returned to the water alive. The large mesh sizes used by banded
morwong fishers contributing largely to the limited by-catch. Smaller mesh sizes used by other
commercial gillnet and recreational fishers take a greater number of by-catch species.

Only a small number of other species are also available to the inshore gillnet fishery, including striped
trumpeter, bastard trumpeter and marble fish which dominated the catch in a range of mesh sizes.

During the course of this study, a large number of juvenile striped trumpeter and bastard trumpeter
recruited to inshore rocky reefs in southern Tasmania. Strong cohorts of both trumpeter species,
based on the 1993 spawning season, were recorded, as well as a relatively large cohort of the 1994
year class of striped trumpeter. Anecdotal evidence suggests that, prior to this time, very few striped
trumpeter had recruited to these reefs over the previous two decades. The strength of these cohorts
allowed growth in juveniles of both trumpeter species to be described.

Tag-recapture data showed that banded morwong and juveniles striped and bastard trumpeter are
predominantly residential rocky reef fish, most recaptures of all three species occurring within 5 km
of the tagging location. For each species, there was no obvious trend between the distance moved and
fish size or time at liberty, although for striped trumpeter the average distance moved tended to
increase as the time at liberty increased.

Keywords:

Gillnet, mesh selectivity, by-catch, rocky reef, Cheilodactylidae, Latridae, banded morwong,
trumpeter, growth, tagging.
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2 BACKGROUND

The community structure of Tasmania's inshore temperate reef fishes has been described in a
number of studies (Schaap and Green 1988; Edgar 1981, 1984; Barrett et al. 1994). A
number of scalefish species, including striped trumpeter (Latris lineata), bastard trumpeter
(Latridopsis forsteri), banded morwong (Cheilodactylus spectabilis) and several species of
wrasse (Family Labridae), are commonly found associated with inshore rocky reefs and are
the subject of intense fishing pressure by gillnet, hook and trap fishing methods. Concern
about the impact of gillnet fishing, in particular, on the reef fish communities has been
expressed for many years by fishers, scientists and the broader community (Schaap and Green
1988, Harries and Croome 1989).

Traditionally, bastard trumpeter was the primary scalefish species targeted by both
commercial and recreational gillnet fishers, the species being exploited since European
settlement. Concerns were first expressed about the status of the resource as early as the
1880s, resulting in a Royal Commission to investigate the problem. The commercial catch
history suggests at least two periods of major declines in abundance, in the late-1910s and
again in mid-1970s (Harries and Croome 1989). Recent commercial landings have been in
the order of 50 tonnes per annum (Lennon 1998).

In 1993, development of live fish markets for banded morwong, blue-throated wrasse
(Pseudolabrus tetricus) and purple wrasse (P. fucicola) resulted in a dramatic expansion in
fishing effort directed at these reef species, particularly banded morwong. Reported landings
of banded morwong increased from just 11 tonnes in 1992 to 105 t the following year (Fig.
2.1). By 1994, reported landings had peaked at over 150 t (Lennon 1998). However, it is
likely that these catches were overstated because fishers believed that the banded morwong
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Fig 2.1. Annual reported landings of banded morwong, 1981 - 97
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fishery was about to become a limited entry fishery, with access based on catch history. On
31% May 1994, a Ministerial statement was issued to all fishers indicating that catches prior to
this date would not be used in determining catch history in the scalefish fishery. Since 1995,
reported landings have been relatively stable, at approximately 80 t per annum. During the
same period, wrasse landings rose from 80 t to a peak of over 190 t in 1994 and have since
been maintained at about 100 t (Lennon 1998). Again, it is suspected that wrasse landings
were overstated in 1994,

Historically, banded morwong and wrasse had little commercial value and were used mainly
as rock lobster bait; a practice that continues despite their premium value as live fish. These
species currently command a beach price of between $7-12 per kg. Based on value, by 1995
banded morwong had become the most important species in the inshore scalefish fishery, with
an estimated annual value of approximately $0.8 million.

For the live fish market, banded morwong are targeted exclusively with large mesh gillnets
(130-140 mm stretched mesh) whereas wrasse are targeted with handlines and fish traps.
Some operators target both banded morwong and wrasse, using lines or traps for wrasse while
nets are set for banded morwong. In addition to targeted fishing, both banded morwong and
wrasse are taken as a bycatch in commercial and recreational gillnets targeting trumpeters and
blue warehou (Seriolella brama) set on inshore rocky reefs (Lyle 1998).

The banded morwong fishery is centred mainly along the east coast of Tasmania, between St
Helens in the north and the Tasman Peninsula in the south, with the largest catches coming
from the central east coast around Bicheno (Fig. 2.2). The primary markets for Tasmanian
banded morwong and wrasse are Asian restaurants in mainland Australia, with small
quantities exported to south-east Asia.

During its early development, all Tasmanian Fishing Boat Licence (TFBL) holders had
unrestricted access to the live fish fishery. Many small diversified fishers showed
considerable interest in the fishery and in 1993 over 130 licence holders reported landings of
banded morwong and/or wrasse (Murphy 1994). In an attempt to limit catch and effort in
these rapidly expanding fisheries, various management restrictions were introduced. In late
1994, minimum and maximum size limits were applied to banded morwong (33 and 43 cm
FL) and wrasse (28 and 43 cm TL). The rationale for these size limits was twofold, to
maintain adequate egg production by protecting large adults and to reflect market
requirements by restricting the size range to that of highest value. A closed season for banded
morwong (March and April inclusive) was introduced in early 1995 and was timed to coincide
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with the peak spawning period. The closed season was implemented to minimise wastage of
live fish at a time when post-capture rates of mortality are highest.

In 1996, an interim Live Fish Endorsement was introduced, with eligibility based on
demonstrated catch history. This effectively restricted the number of fishers with access to
both live banded morwong and wrasse to around 90. As part the recently released Scalefish
Management Plan, provision has been made to create two separate Fishing Licences, one for
the taking of live banded morwong and the other for live wrasse (Anon. 1998). The
introduction of these licences, planned for November 1998, will significantly reduce the
number of fishers able to market live banded morwong and wrasse because more stringent
qualification criteria will be applied.

Of particular concern to resource managers and industry is the ability of the target and
associated reef species to sustain the current or future levels of fishing pressure. Both banded
morwong and wrasse are generally considered to be residential on a particular reef
(McCormick 1989a; Barrett 1995), suggesting that they could be susceptible to localised
depletion. Anecdotal reports from fishers suggest that in some areas catch rates have already
declined markedly since the commencement of the fishery. For banded morwong, the risk of
overfishing is compounded by the reported slow growth rate and longevity (approx. 60 yrs) of
the species, as indicated in New Zealand studies (McCormick 1986). A preliminary

1995/96 1996/97
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Fig 2.2. Reported landings of banded morwong by ¥ degree fishing blocks for the 1995/96 and 1996/97
financial years
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evaluation of sectioned otoliths from banded morwong from Tasmania supported New
Zealand findings, with over 70 annuli present on some otoliths (Robertson and Green 1994).
However, as the frequency with which annuli are formed was not known, these ages were not
validated.

Age validation is essential for banded morwong and is feasible through tagging and the use of
fluoro-chemical markers such as oxytetracycline (OTC) to mark the otoliths. These
techniques would also appear feasible for age validation in bastard trumpeter. The suitability
of tagging banded morwong and bastard trumpeter had been confirmed prior to this study,
with each of these species undergoing handling and tagging trials during aquaria confinement,
resulting in minimal mortality (A. Ritar unpublished data, R. Murphy unpublished data). In
addition, tagging can provide information about movement, growth and, potentially, rates of
exploitation.

3 NEED

The rapid growth of the live fish trade has placed increasing pressure on Tasmania's inshore
reef fishes. The sustainability of the fishery at current or future levels of activity is uncertain
and a matter of considerable concern to fishers and resource managers. Assessment of the
impact of fishing requires a thorough understanding of the dynamics of the commercial (and
recreational) fishery and, in conjunction with life history information and population
parameters of the main species, can provide for scientifically based management decisions.

Apart from the target species, a number of other commercial and non-commercial species are
taken as a by-catch of gillnet fishing for live banded morwong. Commercial by-catch species
include bastard trumpeter, striped trumpeter, blue warehou, wrasse and long-snouted boarfish
(Pentaceropsis recurvirostris).  Non-commercial by-catch species include marble fish
(Dactylosargus arctidens), draughtboard shark (Cephaloscyllium laticeps) and various species
of leatherjacket (family Monacanthidae). At best, only rudimentary biological information is
available for both target and by-catch species.

In draft Tasmanian Scalefish Fishery and Recreational Fishery management plans released in
late 1994 it was proposed to increase the minimum gillnet mesh size (‘graball’ net) for
commercial and recreational fishers from 100 to 125 mm. This was amended to a minimum
of 108 mm in the final Scalefish Management Plan, with the possibility of a move to 115 mm
to be investigated for the next life of the plan (Anon. 1998). If the optimum mesh size for the
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fishery is to be determined, taking into account by-catch and yield per recruit considerations,
then the impact of the present range of mesh sizes and any proposed minimum mesh size
requires investigation. In addition, an understanding of gillnet mesh selectivity is essential
when assessing population structures based on gillnet sampling.

The present study has been designed to investigate the biology and dynamics of the principal
commercial reef fish species, through a program of commercial catch sampling and research
fishing.  Particular attention has been given to assessing mesh selectivity and the
appropriateness of mesh size and fish size limits, particularly in relation to yield per recruit.
Tagging has been used to validate ageing and determine patterns of movement.

4 OBJECTIVES

The objectives of this study as stated in the original FRDC research proposal were to:-

(1) Describe life history and population parameters of the key commercial reef fish species.

(2) Determine gillnet mesh selectivity for commercial, and by-catch, reef species.

(3) Determine the size/age composition of banded morwong populations at different sites off
the east coast of Tasmania with particular attention to the impact of differing levels of
fishing pressure.

(4) Determine patterns of movement for banded morwong, wrasse* and bastard trumpeter.

(5) Assess the level of by-catch and discarding in the inshore gillnet fishery.

(6) Conduct yield per recruit analyses to determine appropriate legal size limits.

* this part of the study was not undertaken because wrasse captured in gillnets were not generally in good
condition suitable for tag and release

5 METHODS

5.1 Commercial catch sampling

Commercial catch sampling of the banded morwong fishery was conducted between
December 1994 and November 1997. Sampling was divided into three general fishing
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‘seasons’, Summer (Dec-Feb), Autumn (Mar-May) and ‘Winter’ (Jun-Nov). A total of 9
seasons were sampled over the three years of the study.

The east coast of Tasmania was divided into four general fishing regions; St. Helens (1/8
degree fishing blocks 4H30, 5H1C, 5H1G, 5H1K, 5H1L); Bicheno (5H3C, 5H3G, 5H3K,
5H30, 6H1C); Maria Island (6H3A, 6H3B, 6H3E, 6H3F, 6H3I) and Tasman Peninsula
(6G4P, 6H3M, 7G1D, 7G2A, 7G2B, 7G2D, 7G2F, 7G2G, 7G2H, 7TH1E) (Fig. 5.1).

Fishers involved in commercial catch sampling were experienced in capturing banded
morwong and had a high level of participation in the fishery. In four of the seasons surveyed
(summer 95, autumn 95, autumn 96 and autumn 97) the fishery was closed for the majority of
the season and commercial banded morwong vessels were chartered to undertake fishing.
Fishers under charter were instructed to operate nets in an manner consistent with their normal
fishing practices.

o
| : * | amz0
5H1C
St. Helens
5H1G
BHIL- j S5H1K
5H3C
5H3G
5H3K Bicheno
5H30
6H1C
S
6H3AI
6H3B
6H3F Maria Is.
6H3I
oM
7620 Tasman Peninsula
TH1E
7G2F 7G2G 7G2H

Fig. 5.1. East coast of Tasmania showing general fishing regions of banded morwong commercial catch
sampling
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Bottom set gillnets were deployed on inshore rocky reefs from commercial vessels. All nets
were set and hauled during daylight hours. The timing and location of fishing on a given day
depended heavily on the prevailing weather and sea conditions. Fishing was generally
conducted in water that was not affected by strong tidal flow, in less than 1.5 m of swell and
less than 15 knot winds. Net length (m), mesh size (mm) and the minimum and maximum
depth (m) for each net deployment was recorded. Substrate characteristics and depth were
determined using either colour or black and white echosounders. Deployment time was
recorded to the nearest minute and was defined as the time from the completion of setting the
net to the end of the haul. Depending on the vessel, nets were either hauled by hand or by net
reel.

For each net deployment, the fork length of each banded morwong captured was recorded to
the nearest mm and the weights of banded morwong retained (i.e. legal sized) and discarded
(i.e. non-legal sized) was determined. Generally, all commercially important species (striped
trumpeter, bastard trumpeter and boarfish) were also measured. The total weight of each by-
catch species, retained and discarded, was determined for each net deployment. All weights
were recorded to the nearest 0.1 kg using either a 5 kg or 10 kg spring balance. Generally,
banded morwong outside of the legal size limit were tagged and released (see section 5.4).
From summer 97 on, all banded morwong greater than 33 cm FL were sexed using the biopsy
probe method (see section 5.5). Prior to this date fish were not routinely sexed in the field.

Catch per unit effort (CPUE) of banded morwong, is expressed as either the number or weight
captured per 100 m net hour.

5.2 Mesh selectivity

Gillnet mesh selectivity trials were conducted seasonally between August 1995 and May
1997, with a total of six seasons sampled. Gillnets of five different mesh sizes were set on
rocky reefs. The five experimental gillnets were 89, 105, 114, 130 and 133 mm (3% to 5 %
inches) stretched mesh, all mesh sizes that are commercially available in Tasmania. Each net
was approximately 30 m in length and was constructed using monofilament nylon bunt and 6
to 7 mm diameter polypropolyene rope for the headline and leadline. Other net specifications
varied with mesh size (Table 5.1). Nets were constructed to closely match those used by
commercial fishers.

Nets were set from either a 5 or 6 m aluminium research vessel. Personnel involved in the
mesh selectivity study were involved in commercial catch sampling of the banded morwong
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fishery and were experienced in the capture of rocky reef fish using gillnets. In addition,
approximately 125 net deployments were trialed using a variety of the experimental gillnets
prior to commencement of this study, including a 64 mm mesh that was not used in the
selectivity study.

Sampling was concentrated at six sites around the Tasman Peninsula and North Bruny Island,
the site fished on each fishing day being determined by the prevailing weather and sea
conditions. Sampling sites were: The Sisters; Fortescue Bay; Monroes Bight; Haines Bight;
Port Arthur (Tasman Peninsula) and Cape Queen Elizabeth (north Bruny Island) (Fig. 5.2).

Sampling was depth stratified, with three strata recognised; shallow (0-9 m), medium (10-19
m) and deep (20-29 m). A sampling station was defined as, one gillnet of each of the five
experimental mesh sizes being set in one of the depth strata. Where feasible, one station in
each depth strata was sampled concurrently. Generally, between one and two stations were
sampled in each depth strata, on each fishing day. However, fewer stations were deployed in
the deep stratum because suitable rocky reef habitat is limited or does not extend deeper than
about 20 m in some sites, e.g. Port Arthur. Substrate and depth was determined using a JRC
(JVF-55) black and white echosounder.

Nets were always set and hauled during daylight hours. A 1.4 kg lead weight was attached to
the leadline at one end of the net and a buoy was attached with a buoy line to either end of the
net. Nets were set parallel to the shoreline, generally following a depth contour, and were
positioned at least 30 m apart. Nets were hauled by hand and set duration was recorded as for
commercial fishing. For each net deployment, the total weight of each species captured was
recorded to the nearest 0.1 kg and the lengths (mm) of banded morwong, striped trumpeter,
bastard trumpeter and wrasse (i.e. commercial species) were measured. For the first 3 seasons
surveyed, the lengths of marble fish (a non-commercial species) were also recorded.

Table 5.1. Variable characteristics of experimental gillnets.

Mesh Average Net N° of Twine Hanging Wt. Wt. Bunt

size net depth meshes  diameter ratio upthrust ~ down- colour
length deep thrust

(mm) (m) (m) (mm) (9/10m)  (g/10m)

64 * 31.2 1.60 50 0.38 0.55 680 1200 green

89 28.7 1.78 40 0.45 0.47 450 1320 grey

105 30.4 1.73 33 0.52 0.52 420 1100 grey

114 29.3 1.43 25 0.38 0.51 390 1300 grey

130 30.7 2.15 33 0.60 0.48 510 1280 blue

133 324 0.80 12 0.38 0.58 560 1400 green

140* 50.0 1.12 16 0.38 0.50 340 1360 grey

* not used in mesh selectivity study
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CPUE for banded morwong, striped trumpeter, bastard trumpeter and marble fish was
determined for each mesh size. CPUE was calculated as weight or number per 100 m net h
for each net deployment. A three factor analysis of variance (ANOVA) was applied to CPUE
and mean length data to assess the effects of mesh size, depth strata and season on CPUE and
mean size. The effects of site were not tested. CPUE data were log transformed [In(CPUE+1)]
for this analysis. All factors were tested at the P=0.05 significance level for rejection of the
null hypothesis. In order to determine whether the assumptions of ANOVA were violated,
that is normality of the data and heterogeneity of the variances (Underwood 1981), scatterplots
of residuals versus the expected normal order statistic and fitted values, were examined.

Since the effective effort levels for each combination of mesh size and depth stratum varied
slightly in each season, it was necessary to adjust the effort (and therefore catch of banded
morwong in each size class) to a common level within each season (refer section 6.2 for
description of effort weighting).

50 —

The Sisters

43°5——

Tasman Peninsula Fortescue Bay

Munroes Bight
10 —
Cape Queen Elizabeth

Port Arthur
Haines Bight
Bruny lIsland

148°E
20 30 40 50

& | | | |

Fig. 5.2. Sampling sites of mesh selectivity study in south-eastern Tasmania

Length specific gillnet selectivities were estimated for the five mesh sizes using the gamma
distribution model (Kirkwood and Walker 1986),
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(I/aB)® exp(a-1/B) (Egn. 1)

where | is length and a and 3 are parameters of the probability density function of a gamma
distribution with a mode af8 and variance (a + 1)B%. o and B are specified in terms of the
mesh size m; and length class 1. Assumptions of the model are that, the length at maximum
selectivity for net i is proportional to mesh size so that af=6.m;, where 6, is a constant of
proportionality, and the variance is a constant, 6,, over different mesh sizes. These
assumptions lead to a quadratic equation for positive (3 and imply that

B=-0.5[0, m;- (8:° m?+46,)*°]  (Eqn. 2)

The mean selectivity for banded morwong in 30 mm length classes was approximated as the
selectivity evaluated at the mid-length of the length class. The gamma distribution model
(Eqgn. 1) was fitted to the effort corrected data by maximum likelihood estimation obtained
using the ‘solver’ function in Excel 7 (Microsoft). Estimated selectivities were checked to
ensure that the assumptions of the model (right skewed, fishing powers of the nets are equal)
were satisfied. Residual plots of observed and predicted catches were examined.

Selectivity, particularly by wedging and gilling, was not thought to be influenced by sex
because McCormick (1989a) found that pectoral girth was one of several morphological
factors that contributed least to discrimination between male and female banded morwong.
Similarly, Schroeder et. al. (1994) excluded pectoral girth from a morphometric analysis of
sex discrimination in the closely related red morwong (C. fuscus). Therefore estimated gillnet
size selectivities were applied regardless of sex.

The size structure of the banded morwong population from east coast Tasmanian waters was
determined by applying selectivity co-efficients for the 133 mm mesh to commercial length
frequency data.

For striped trumpeter, bastard trumpeter and wrasse, length specific gillnet selectivities were
not modelled. For these species, size composition data by mesh size was summarised.

In addition to nets deployed in the mesh selectivity, a number of 140 mm mesh nets were
constructed, using 8 mm headline and leadline, in order to increase the number of banded
morwong captured for tagging (see section 5.4). The 140 mm nets were set on rocky reefs on
an ad hoc basis during the mesh selectivity study but have not been included in the calculation
of mesh selectivity parameters.
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5.3 Comparison of marine reserve and adjacent exploited area

In order to investigate the possible impacts of gillnet fishing on banded morwong populations,
research fishing was undertaken inside the Governor Island marine reserve, Bicheno (closed to
fishing since September 1991) and adjacent reef areas that are subject to fishing. Fishing was
conducted between March 1996 and December 1997. The exploited reef areas targeted were
Diamond Island, to the north, and rocky reef areas between the marine reserve and Cape Lodi,
to the south (Fig 5.3). All exploited areas were within 4 km of the marine reserve.

Nets were deployed from research vessels, except for the first two days of the survey in March
1996 when a commercial vessel under charter was used. Catch and effort details were
recorded as for mesh selectivity trials. All nets were between 30 and 50 m in length and had a
stretched mesh of either 133 or 140 mm (refer Table 5.1). To minimise the effects of time

() Diamond Is.

\
| Governor Is.

Bicheno J Marine Reserve

e 3 km ’
_ 41°55'S
Cape Lodi
148° 20'E

Fig 5.3. Governor Island marine reserve and adjacent exploited areas
of the day on catch rates, every effort was made to have the same amount of fishing gear in the
water, concurrently, in both the marine reserve and the adjacent exploited area.
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Data were pooled for each month surveyed and the total catch and CPUE for all species, by
weight and number, was calculated for each month for inside and outside of the marine
reserve.

Prior to June 1997, all banded morwong captured within the marine reserve and in the
adjacent exploited area were tagged and released (refer section 5.4).

Using tag recapture data (ignoring the effects of mesh selectivity and tag loss), the stock size
of banded morwong within the reserve and available to the fishing gear was calculated for
each fishing day using the simple equation of Ricker (1945),

p = NtYn
N

(Eqgn. 3)

where P is the estimate of stock number; N, is the number tagged, N, is the number recaptured,
and Y, is the catch in numbers.

5.4 Tagging

Banded morwong were tagged off the east coast of Tasmania, between July 1994 and May
1997. Researchers tagged banded morwong captured during mesh selectivity trials, the
marine reserve study and from ad hoc sampling with the 140 mm mesh gillnets. Researchers
also tagged banded morwong that were outside of the legal size limits and caught during
commercial catch sampling. A number of commercial fishers voluntarily participated in the
reef fish tagging program and tagged under and oversized banded morwong that they released.
During the mesh selectivity trials, striped trumpeter and bastard trumpeter were also tagged.

All species were tagged below the dorsal fin with T-bar anchor tags (Hallprint) and were
measured to the nearest millimetre fork length before being released. In an attempt to assess
tag loss, most of the banded morwong and bastard trumpeter, and a subsample of the striped
trumpeter, caught during research fishing were double tagged.

Between January 1995 and February 1997, most banded morwong and bastard trumpeter
captured during research fishing were injected with Engemycin 100 [Oxytetracycline
hydrochloride 100 mg/mL (OTC)] at the time of tagging to assist with age validation. OTC
was administered as a peritoneal injection at a dosage of 50 mg/kg (McFarlane and Beamish
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1987). White coloured tags were used to distinguish OTC injected fish, as opposed to yellow
tags that were used for routine tagging.

Fishers involved in tagging, and those likely to recapture fish, were provided with maps of
their fishing area in which the coastline had been divided into small fishing regions between 1
and 4 km in length (based on prominent geographic features). The tagging location or
recapture location was recorded as being the point on the coastline in the middle of the
appropriate fishing region.

The position of recaptures reported by recreational fishers, or commercial fishers not provided
with tagging maps, was recorded as accurately as possible from descriptions of geographic
landmarks. Assuming that fishers accurately recorded the tagging/recapture region, this
system will provide precision in position reporting of + 2 km.

The tagging program was widely publicised in industry magazines and fishing newspapers
(Lyle 1995; Lyle and Waterworth 1995; Murphy et. al. 1996). A poster that described the
requested protocol to follow if a tagged fish was recaptured was placed in fishing supply
shops and in shop windows around popular fishing areas. All reports of recaptures were
entered into an annual tag lottery and a monetary reward was offered for OTC injected fish.
All fishers reporting recaptures were provided with tagging details of the fish they had
recaptured, including growth, distance moved and time at liberty.

5.5 Biological studies

Approximately 500 banded morwong captured while charter fishing during each of the 1996
and 1997 closed seasons were retained for detailed biological examination. In both years,
approximately half of the fish were taken from the Bicheno region, the remainder coming
from the Tasman Peninsula. Samples were collected live from the vessel, placed on ice and
transported to the laboratory. Biological examination was conducted on the fresh specimens
within 48 h of capture. Additional specimens, either mortalities from fish processors or tag
recaptures, were also examined biologically.

All fish were measured to the nearest mm (FL) and weighed to the nearest gram (total weight).

A subsample was also measured for total length (mm) to allow fork length-total length
relationships to be calculated.
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Sagittal otoliths (from now on referred to simply as otoliths) were removed from each fish,
cleaned and stored in individual plastic vials. All tubes were labelled with a unique identity
number that gave no biological or geographic information about the fish. If tag recaptures had
been injected with OTC, the otoliths were stored in blackened plastic vials, out of direct light.

McCormick (1989a) was able to detect sexual dimorphism in banded morwong based on a
number of morphometric characteristics, namely snout angle (due to the presence of pre-
orbital nodules in mature males), mid-body length and pectoral fin length. This provided the
potential to determine sex externally, an advantage for assessing fisheries where the catch is
sold alive. The utility of McCormick’s method was tested in the laboratory. In a random
sample (n=366) from the 1996 sample, the sex of fish greater than 30 cm FL was judged using
the morphometric features for sexing banded morwong described by McCormick (1989a).
Particular attention was paid to the presence of pre-orbital nodules and snout angle (but
ignoring any distension of the body due to the ovaries). Fish were then dissected and the sex
determined.

All gonads were staged macroscopically according to modified criteria of Davis and West
(1992) and weighed to the nearest 0.1 g. Females were classified as mature if they were at
least stage 4, that is, where individual ova are clearly visible when examined without
magnification.

In addition to morphometric characteristics, an alternative approach to sexing banded
morwong was tested using a biopsy probe. For the 1997 sample, the sex of each fish greater
than 30 cm FL in a random sample (n=401) was assessed by attempting to insert a
polyproylene endometrial biopsy probe (Pipelle de Cornier CCD-PIP) into the cloaca. If the
biopsy probe could be inserted greater than 20 mm the fish was recorded as female. If the
biopsy tube could not be inserted the fish was recorded as male. The fish were then dissected
and the sex determined.

The maturation ogive was determined by fitting the sigmoid curve function using a
generalised linear model with a logit link function and binomial distribution of errors,

A+B.x
e

T AN (Egn. 4)

p:1+e

where p is proportion mature at a given cm size class, x is length in cm and A and B are
parameters of the logit regression.
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The relationship between length and gonad weight was described for females where the
ovaries were stage 4 (i.e. only stage 4) by fitting non-linear data to the power equation,

G=al’ (Eqn. 5)

where G is gonad weight (g), L is fork length (mm) and a and b are constants. The
relationship was calculated by least squares regression of log transformed data. By assuming
that gonad weight of stage 4 ovaries is directly proportional to potential fecundity, the
relationship between fish length and fecundity can be approximated. For the purpose of
conducting egg per recruit analyses, the parameters of the length-gonad weight relationship
are sufficient because it is the relative fecundity, not absolute fecundity, of each size class that
is required for the analyses.

To determine whether maturation and the onset of spawning in female banded morwong could
be detected non-destructively, biopsy samples of gonad tissue were obtained from females
from the Tasman Peninsula region, between November 1996 and May 1997, using the biopsy
probe. Biopsies were obtained every 2-3 weeks from the first 10 to 20 individuals captured
during mesh selectivity studies or commercial catch sampling. Samples were preserved in 4%
formaldehyde in filtered seawater and stored at room temperature. Gonad samples were
examined with a binocular microscope under transmitted light and an image analysis system
(NIH Image 1.6) was used to capture an image of each biopsy sample and display it on a
computer screen. The biopsy was described on the basis of the appearance of the most
developed oocytes present. A random sample of 10 of the most developed oocytes from each
biopsy were selected off the captured image and the diameter (um) of each oocyte was
measured in a horizontal plane.

A sub-sample of whole ovaries collected during the spawning season were preserved in 4%
formaldehyde in filtered seawater and stored at room temperature. The ovaries were
examined to determine whether the most developed oocytes within the gonad, and the mean
size of the 10 most developed oocytes, are influenced by the location within the gonad from
which a biopsy sample is taken. Whole ovaries, macroscopically staged as either stage 3, 4 or
5 (Davis and West 1992), were divided into the anterior, middle and posterior portions. Each
portion was examined as described for biopsy samples and the diameter of 10 of the most
developed oocytes from each portion were measured. Single factor analysis of variance was
used to determine if there was a difference in the mean size and position of the most
developed oocytes in the ovary.
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Striped trumpeter and bastard trumpeter specimens were also retained for biological
examination. Additional samples of larger trumpeter were obtained from CSIRO research
cruises, fishing offshore reefs in eastern Bass Strait.

For banded morwong, striped trumpeter and bastard trumpeter, the relationship between total
length and fork length was described by simple linear regression,

TL=bFL +a (Eqn. 6)

where TL is total length (mm), FL is fork length (mm) and a and b are constants. The
relationship between length and weight was described by fitting non-linear data to the power
equation

W=alL" (Eqn. 7)

where W is total weight (g), L is fork length (cm) and a and b are constants. The relationship
was calculated by least squares regression of log transformed data. For banded morwong,
analysis of covariance was used to determine whether there were significant differences in
length-weight relationships between sexes; regions; and females in spawning and non-
spawning condition.

5.6 Age and growth

Otolith preparation and interpretation

In this report, the term winter follows that of Francis et. al. (1992) to loosely describe the cool
period in the southern hemisphere in about the middle of the calendar year in which fish
growth slows or ceases, rather than referring to specific months. The otolith structure
nomenclature used follows that of Secor et. al. (1995). Interpretation of sectioned otoliths
viewed under transmitted light follows that of Anderson et. al. (1992), where relatively
narrow, opaque zones represent slow winter growth and the relatively broader, translucent
zones represent faster summer growth. By contrast, the structure of whole otoliths viewed
under reflected light was interpreted as consisting of relatively narrow, translucent zones
representing slow winter growth and relatively broader, opaque zones representing faster
summer growth.
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Banded morwong

Banded morwong otoliths collected in Autumn 96 and Autumn 97 were used for age and
growth determination. One undamaged otolith was selected from each pair and weighed to
the nearest 0.001 g. Otoliths were embedded in rows of four to five in clear polyester casting
resin and four to six transverse sections were cut using a modified gem cutting saw. Section
thickness was approximately 0.3 mm. Sections were mounted on microscope slides under
coverslips using further casting resin.

Sections were viewed under transmitted light on a binocular microscope at either X25 or X50
magnification. All sections from each otolith were inspected and the clearest section closest
to the primordium was used for age estimation. In about 5% of the prepared otoliths there
were no readable sections. An image of each otolith was captured and displayed on a
computer screen. The enhancement processes available on the image analysis system (eg.
sharpen; smooth) were not used to alter the image. Two images were retained of each otolith.
One image was unmarked and labelled only with the otolith identity number. On the second
image the position and number of annuli that were interpreted for the main reading were
indicated. Otoliths were read without reference to fish length, weight or area of capture.

For the main reading, annuli were counted from the captured image with reference to the
microscope when more detail was required. The first 4 to 6 annuli were counted and
numbered outwards from the primordium along the plane of the ventral groove, with
subsequent annuli counted along the ventral side of the sulcul groove. The position of the
annuli was marked as being on the inward side of the opaque zone at the boundary between
the opaque and translucent zones. In a random sample of 449 otoliths, the distance (um) of
the first two annuli from the primordium along the plane of the ventral groove was measured.
Single factor ANOVA was used to determine if the position of the first and second annuli was
different. An estimated age was assigned to each otolith based on the number of annuli
counted and a nominal birthday of 1% March.

Secondary readings by both the main reader (RM) and a secondary reader were conducted on
the unmarked image, without microscopic examination of the original section. The main
reader read a random sub-sample of images from 238 banded morwong otoliths (24% of total)
as a secondary reading. The secondary reader read a random sub-sample of images from 272
otoliths (27% of total). The index of average percent error (APE) (Beamish and Fournier
1981) and the distributions of the differences between secondary readings and the initial
reading by the main reader were calculated as indicators of ageing accuracy and bias.
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Secondary readings were conducted without reference to fish length, weight, area of capture or
previous readings.

Otoliths from OTC injected banded morwong, recaptured after at least 200 days were
sectioned and aged as described above, the sections being stored in darkness. Sections were
illuminated by a mercury lamp through a blue-violet filter (slightly back-lit with normal
transmitted light) and viewed at X10 or X20 magnification on a monocular microscope. For
otoliths where a fluorescent mark was visible, its position was noted in relation to the position
of the annuli.

Trumpeters

For trumpeter smaller than 45 cm FL, one otolith was randomly selected from each pair and
immersed whole in a drop of water in a glass petri dish. The distal surface was viewed under
reflected light on a binocular microscope, at either X6 or X12 magnification, with the aid of
the image analysis system. A marked and unmarked image was retained, as for banded
morwong.

For the main reading, annuli were counted from the captured image with reference to the
microscope when more detail was required. Annuli were counted and numbered outwards
from the primordium. The position of the annuli was marked as being on the outward side of
the translucent zone at the boundary between the translucent and opaque zones. The distance
from the primordium (um) to the first two annuli, towards the ventral side of the otolith in the
dorso-ventral axis, was measured. A single factor ANOVA used to determine if the position
of the first two annuli were characteristic.

An estimated age was assigned to each otolith based on the number of annuli counted and a
nominal birthday of 1% October for both trumpeter species.

Secondary readings of whole trumpeter otoliths were conducted on the unmarked image. The
main reader read a random sub-sample of 61 striped trumpeter otoliths (24% of total) and 67
bastard trumpeter otoliths (38% of total) as a secondary reading. The secondary reader read a
random sub-sample of 100 striped trumpeter otoliths (40% of total) and 85 bastard trumpeter
otoliths (48% of total) as a secondary reading. The index of APE and the distributions of the
differences between secondary readings and the initial reading by the main reader were
calculated.
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For both trumpeter species, a sub-sample of 60 otoliths was selected where either 0, 1 or 2
annuli were counted on the whole otolith, with 20 otoliths selected from each of the three age
classes. The position of the primordium was marked with a pencil and each otolith was
embedded in resin on a microscope slide. The otolith was ground to a section in the dorso-
ventral plane using wet sandpaper and polished with graphite paste.

Otoliths from trumpeters larger than 45 cm FL were embedded and sectioned as for banded
morwong. Sections were viewed under transmitted light on a binocular microscope, at either
X6 or X12 magnification, with the aid of the image analysis system. A marked and unmarked
image was retained. The position of each annuli was marked as being on the outward side of
the opaque zone at the boundary between the opaque and translucent zones. Secondary
readings were conducted on all sections. The index of APE and the distributions of the
differences were calculated between secondary readings and the initial reading by the main
reader and between ages estimated from whole otoliths and sectioned otoliths.

Growth models

For banded morwong, estimated ages from the initial reading by the main reader were used in
all analyses of age and growth. Mean lengths at estimated age determined from sectioned
otoliths were calculated separately for females and males, for the Bicheno and Tasman
Peninsula regions, and for both areas combined. Both sexes displayed asymptotic growth and
the growth equation of von Bertalanffy (1938) was applied,

Le= Lo[1-e™] (Ean. 8)

where L; is length (cm) at age t, L. is asymptotic length, K is the rate at which length reaches
L., and to is the hypothetical age at which length is zero if growth had always occurred in the
manner described by the equation. The equation was fitted to estimates of length at age by a
non-linear least squares procedure of the GenStat statistical package. Differences in growth
curves were tested between sexes, and between regions for each sex, by an analysis of the
residual sum of squares (ARSS) (Chen et. al. 1992). In ARSS,

_ RSS;—RSSs / RSSs
~ 3k-1) / N-3k

(Eqgn. 9)

where RSS, is the residual sum of squares (RRS) of the von Bertalanffy growth equation for
pooled data, RSS; is the RSS of each von Bertalanffy growth equation for each sample, N is
the total sample size, and k is the number of samples in the comparison.
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In addition, growth parameters were determined from tag recapture data following the method
of Fabens (1965), using the Genstat statistical package. Recaptures that were at liberty for
less than 200 days were not included in the Fabens analysis.

Total mortality (Z) for both sexes was calculated using catch curve analysis. Population age
structures were determined from the aged sample, the commercial catch sample, and the
commercial catch sample adjusted for the effects of mesh selectivity. The natural logarithm of
the frequency of each age class was plotted against age, and a regression line was fitted
between age classes to the right of the highest point on the catch curve to age classes to the
left of the first age class that had a frequency of zero. Z is equal to the slope of the regression
line with the sign of the slope changed.

Estimates of Z (actually an estimate of natural mortality, M, because the assumption is that
fishing mortality, F, is zero) were also obtained using the Hoenig (1983) approximation for
determining total mortality in lightly exploited stocks,

logeZ = 1.46 - 1.01 l0ge tmax (Eqgn. 10)
where tmax IS the maximum age in years.
Estimates of M were also obtained using the Sparre et. al. (1989) approximation,

M = 109e100/Amax (Egn. 11)
where Amax is the maximum age reached by approximately 1% of the virgin population.
Von Bertalanffy growth parameters (Eqn. 8) were also derived for both trumpeter species. For
striped trumpeter, length at age was determined by assigning a decimal age to all specimens <
45 cm, based on whether they were from the 1993 or 1994 cohort, and from sectioned otoliths
in specimens > 45 cm. For bastard trumpeter, length at age was determined from whole
otoliths in specimens < 45 cm and from sectioned otoliths in specimens > 45 cm.
In addition, growth parameters were determined for both trumpeter species using Fabens

(1965) parameterisation of tag-recapture data. Recaptures that were at liberty for less than
200 days were not included in the Fabens analysis.
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5.7 Yield per recruit and egg per recruit analyses

To assess the potential effect on yield of varying minimum size limits, yield per recruit (YPR)
analyses were conducted for female and male banded morwong at different combinations of
F, ranging from 0.1 to 1.0, and three estimates of M, 0.025, 0.05 and 0.10. YPR analyses that
assess the potential affect on yield of varying maximum size limits (YPRmax) were conducted
for male banded morwong, used in conjunction with minimum size limits of either 36 or 37
cm, and the same ranges for M and F used for YPR analyses. Data parameters required for
YPR and YPRmax analyses are the von Bertalanffy growth parameters L., K and t, (Eqgn. 8),
the constants a and b from the length-weight relationship (Egn. 7), an estimate of maximum
age and estimates of M and F, for females and all males. For females, the constants a and b
that were used from the length-weight relationship were those for non-spawning fish.

Egg per recruit analyses (EPR) analyses were conducted to estimate the percentage of virgin
egg production maintained at different minimum size limits. The data parameters used in the
EPR analyses are the same as those used for YPR, plus the constants A and B from the
maturation ogive (Eqgn. 4) and the constants a and b from the length-gonad weight relationship
(Egn. 5). An assumption of this analysis is that gonad weight is directly and equally
proportional to fecundity across all size classes, where the ovary is at stage 4.
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6 DETAILED RESULTS

6.1 Commercial catch sampling

Gear

A total of 54 commercial fishing trips targeting banded morwong were sampled, representing
96 fishing days. Gillnets were deployed from 14 different commercial vessels, although three
fishers accounted for 79% of the effort (100 m net h) monitored and 75% of the banded
morwong (by number) captured. Vessels from which nets were hand hauled accounted for
69% of the effort monitored.

Fishers carried between 520 and 2000 m of net and lifted between 520 and 6500 m of net per
fishing day. Nets hauled by hand ranged in length between 25 and 100 m, with an average
length of 55 m. Where nets are hand hauled, fishers carried up to 24 individual nets per
fishing day. Nets hauled by net reel ranged between 300 and 800 m in length, with an average
length of 460 m. Where nets are hauled by net reel, fishers carried up to 5 individual nets.

The mesh size of gillnets used in the banded morwong fishery ranged from 114 to 140 mm
stretched mesh, with 94% of nets lifts being either 133 mm or 140 mm mesh. The minimum
depth fished was 2 m and the maximum depth fished was 42 m. The average minimum depth
fished was 13 m and the average maximum depth fished was 18 m. Soak times ranged from
% 10 6 %2 h per net, the mean soak time being 3.0 = 1.1 h per net.

Fishing practices

Fishers generally deployed all of the nets being carried at the start of a fishing day and this
usually took between 1 and 2 h. When the soak time of the first net was between 2 and 3 h
fishers commence hauling the gear, usually starting with the first net that was set. For hand
hauled nets, the first 3 to 6 nets were usually redeployed once they were cleared of fish. On
vessels equipped with a net reel, each net was usually redeployed once the catch had been
cleared. If good catches were taken, nets were redeployed in the same general location.
Where catches were low, nets tend to be moved to different locations, but still within the same
general fishing area. Fishers continue to haul and redeploy all nets in this manner throughout
the fishing day. A maximum of 66 individual net deployments in a day were recorded from a
vessel where nets were hand hauled and up to 13 net deployments from a vessel equipped with
a net reel.
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The fishing operation may be interrupted by the presence of fur seals (Arctocephalus sp.)
around the fishing gear. If seals are seen swimming around the nets or throwing fish in the air
(presumably removed from the nets), fishers are forced to alter their mode of operation.
Fishers may attempt to minimise the effects of seal interference by reducing soak times,
increasing the distance between groups of nets and/or by moving to a different location. Seals
were observed either throwing fish in the air or in the vicinity of nets on 14% of fishing days
and 4% of all net deployments monitored.

Catch

A total of 10277 fish, representing 53 species, were caught on inshore rocky reefs in east coast
Tasmania waters. However, 33 species were represented by less than 10 individuals and 12
were represented by a single individual. Over 95% of the total catch, by both weight and
number, was represented by eight species or species groups (e.g. the five species of
leatherjackets were pooled into a single ‘species group’). The percentage contribution of
these eight species to the catch in each region is shown in Table 6.1. The total catch by
weight in all regions was dominated by three species, banded morwong, marble fish and
draughtboard shark, which together comprised over 85% of the catch for Bicheno and over
90% in each of the other three regions. These species also dominated the catch by number,
comprising over 80% of the total for each region. The catch of all species, by weight and
number, and the effort expended in each region during commercial sampling is presented in
Table 6.2 (Appendix A shows the common and scientific names and CSIRO identification
codes for all species caught during this study).

Table 6.1. Percentage catch of the eight dominant species in the total catch, by weight and number,
in each region

weight (%) number (%)
Region St.H Bich Mar.l Tas.P Total St H Bich Mar.|l Tas.P Total
Draughtboard shark 6.1 107 211 191 15.0 2.6 50 11.0 93 7.2
Long snouted boarfish 2.7 5.3 1.5 0.6 2.6 2.8 5.0 2.8 1.2 2.9
Marble fish 92 148 80 283 180 65 104 6.7 197 127
Banded morwong 75.6 612 645 456 57.8 778 67.3 688 538 64.1
Bastard trumpeter 0.5 0.6 0.6 15 0.9 1.2 1.1 1.0 3.8 2.1
Blue-throated wrasse 2.2 35 1.6 1.1 2.1 2.3 3.2 2.6 2.1 2.6
Purple wrasse 1.1 15 0.3 0.8 1.0 2.7 2.6 0.7 2.9 2.4
Leatherjackets 0.7 0.6 0.3 0.1 0.4 1.1 1.3 1.3 0.6 1.0
Others 2.0 1.9 2.1 2.9 2.3 29 41 51 6.5 5.0

FRDC Final Report: Project 95/145 26



Impact of gillnet fishing on inshore temperate reef fishes, with particular reference to banded morwong

Table 6.2. Total catch of each species, by weight and number, and effort monitored during commercial
catch sampling of banded morwong fishery for St. Helens (St. H), Bicheno (Bich), Maria Island (Mar. 1)
and Tasman Peninsula (Tas. P)

weight (kg) number

Region St.H Bich Mar.l Tas.P Total St H Bich Mar. | Tas.P Total
Port Jackson shark 85 140 225 1 4 5
Draughtboard shark 135.3 574.8 582.9 1196.6 2489.6 39 165 183 354 741
Skates/Rays 1.0 6.9 83 16.2 1 3 3 7
Stingarees 15 47 89 118 26.9 5 11 22 22 60
Bearded rock cod 1.9 1.9 2 2
Red cod 0.8 8.0 1.6 3.3 137 1 5 1 5 12
Silver dory 2.1 2.7 1.4 1.4 7.6 4 9 5 4 22
Common seadragon 0.1 0.1 1 1
Red gurnard perch 0.1 1.0 1.1 1 1 2
Ruddy gurnard perch 1.5 0.9 2.4 2 1 3
Thetis fish 1.0 1.0 1 1
Red velvet fish 0.5 2.0 1.7 4.2 2 3 3 8
Sand flathead 0.6 0.6 1 1
Butterfly perch 0.3 0.6 0.4 0.3 1.6 2 2 2 1 7
Barber perch 0.7 0.7 2 2
Long finned pike 0.4 0.7 1.1 1 2 3
Jack mackerel 4.6 0.2 87 135 18 1 34 53
Silver trevally 7.6 5.8 55 18.9 5 3 2 10
Common bullseye 6.8 4.5 09 122 24 19 5 48
Luderick 1.0 1.0 1 1
Sweep 2.0 1.2 3.2 1 1 2
Old wife 0.4 0.4 1 1
Long snouted boarfish 60.3 2859 416 37.0 4248 42 166 47 47 302
Marble fish 203.1 792.7 221.3 1768.1 2985.2 96 348 111 748 1303
Magpie perch 0.9 0.9 2 2
Grey morwong 6.5 6.5 3 3
Jackass morwong 16 355 57 40 46.8 1 31 5 6 43
Dusky morwong 1.4 1.4 1 1
Banded morwong 1668.6 3286.1 1783.2 2852.3 9590.2 1149 2244 1145 2048 6586
Striped trumpeter 30.3  30.3 46 46
Bastard trumpeter 103 318 165 946 1532 17 35 17 146 215
Real bastard trumpeter 3.6 3.6 14 14
Yellow eye mullet 0.5 0.5 2 2
Wrasse sp. 0.8 0.2 0.5 15 3.0 1 1 1 3 6
Blue throated wrasse 475 1883 454 66.4 347.6 34 107 43 80 264
Purple wrasse 23.7 799 73 525 1634 40 87 12 111 250
Rosy wrasse 0.5 21 2.6 2 6 8
Herring cale 11.0 143 82 11.0 445 13 18 9 15 55
Common stargazer 34 34 1 1
Weedfish sp. 0.7 0.7 1 1
Blue warehou 0.9 35 557 601 3 3 42 48
Leatherjackets 145 306 95 9.3 639 16 44 21 24 105
Shaw’s cowfish 0.2 0.2 0.3 3.2 3.9 1 1 1 12 15
Globefish 1.0 1.0 1 1
Octopus sp. 140 14.0 3 3
Crabs sp. 0.4 0.6 1.0 2 3 5
Southern rock lobster 29 3.4 6.3 1 5 6
Total 2208.2 5369.8 2765.1 6256.1 16599.2 1476 3332 1664 3805 10277
Effort (100 m net h) 464.0 1675.2 989.0 1829.4 4957.5 464.0 1675.2 989.0 1829.4 4957.5
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CPUE

Table 6.3. summarises the catch of banded morwong and effort monitored during commercial
catch sampling in each region, by season. In general, CPUE was highest in the autumn
spawning season (closed season) and lowest during winter (Fig 6.1). In each of the areas,
apart from the Tasman Peninsula, this seasonality was quite pronounced. In the Tasman
Peninsula, catch rates were consistently low in relation to other areas and varied little between
seasons (generally between 1.00 and 1.75 kg/100 m net h)

The total CPUE of banded morwong by weight, for all regions and seasons, was 1.93 kg/100
m net h, ranging between 0.74 and 7.98 kg/100 m net h for seasonal samples by region. By
number, total CPUE was 1.33 fish per 100 m net h, ranging between 0.50 and 4.72 per 100 m
net h for seasonal samples by region. The total CPUE by weight during the normal fishing
season (non-spawning period) was 1.54 kg/100 m net h, ranging from 0.74 to 3.39 kg/100 m
net h for seasonal samples by region. CPUE of weight retained during the normal fishing
season was 0.91 kg/100 m net h, ranging from 0.47 to 2.03 kg/100 m net h for seasonal
samples by region.

—e— St.Helens

8
= 7 —m— Bicheno
qc’ 6 Maria Is.
£ 5 Tasman P.
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2 3 —"
w o =g
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O 1 W

0 - ; ; ; ; ;
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Fig. 6.1. Mean CPUE (kg per 100 net h) of banded morwong by region and season
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Table 6.3. Summary of catch, effort, CPUE and fishing practices from the commercial banded morwong fishery, Dec 94 - Nov 97. (* is charter fishing)

Season Region number weight weight effort CPUE CPUE CPUE average minimum maximum average
captured captured retained retained depth depth depth mesh size
(n) (kg) (kg) (100m  (n/100 m  (kg/100 m (kg/100 m (m) (m) (m) (mm)
net h) net h) net h) net h)
Summer 95  St.Helens 208 313.9 * 89.9 2.31 3.49 * 13 5 20 132
Bicheno 172 286.8 * 36.5 4.72 7.98 * 19 10 41 140
Maria Is 301 479.4 * 279.1 1.08 1.72 * 17 4 25 133
Tasman P. 416 621.4 * 418.1 1.00 1.49 * 15 4 32 132
Autumn 95  St.Helens 320 457.2 * 75.0 4.27 6.10 * 17 5 35 135
Bicheno 161 215.2 * 76.3 2.11 2.82 * 17 12 26 133
Maria Is. 317 475.7 * 198.5 1.60 2.40 * 19 7 42 133
Tasman P. 154 203.4 * 115.9 1.33 1.75 * 16 4 40 133
Winter 95 St.Helens 108 150.9 97.1 68.4 1.58 2.21 1.42 15 7 24 136
Bicheno 418 584.1 352.5 382.9 1.09 1.53 0.92 22 12 32 135
Maria Is. 128 191.5 124.4 258.0 0.50 0.74 0.48 20 10 32 133
Tasman P. 209 290.4 189.4 235.0 0.89 1.24 0.81 12 3 30 136
Summer 96  Bicheno 329 452.6 253.9 197.6 1.67 2.29 1.29 13 6 20 133
Maria Is. 195 330.9 160.6 130.8 1.49 2.53 1.23 19 10 27 133
Tasman P. 257 359.8 213.7 206.0 1.25 1.75 1.04 18 5 35 134
Autumn 96  Bicheno 424 668.7 * 185.0 2.29 3.61 * 17 4 32 139
Maria Is. 204 305.7 * 122.6 1.66 2.49 * 14 5 28 133
Tasman P. 373 523.1 * 305.7 1.22 1.71 * 13 4 25 137
Winter 96 St.Helens 195 291.4 165.3 96.6 2.02 3.02 1.71 11 2 25 136
Bicheno 138 2235 97.8 209.6 0.66 1.07 0.47 14 6 22 140
Tasman P. 27 34.9 21.7 335 0.81 1.04 0.65 14 10 20 136
Summer 97  St.Helens 318 455.2 272.2 134.1 2.37 3.39 2.03 12 2 22 139
Tasman P. 73 92.2 54.7 88.9 0.82 1.04 0.62 14 4 25 138
Autumn 97  Bicheno 267 419.8 * 114.1 2.34 3.68 * 17 10 20 140
Tasman P. 219 290.0 * 132.0 1.66 2.20 * 15 5 28 140
Winter 97 Bicheno 335 435.4 261.1 473.3 0.71 0.92 0.55 21 10 31 136
Tasman P. 320 437.1 291.1 294.1 1.09 1.49 0.99 11 2 28 140
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Size composition

The length frequency distributions, pooled over all regions, were similar for the three years of
the study (1995 - 97), being right skewed with a dominant mode at approximately 37 - 41 cm
and a mean length of approximately 41 cm (Fig. 6.2). Fish within the legal size range
constituted between 67 and 70% of the numbers in each year. Between 5 and 7% of the catch
were below the legal minimum size (i.e. < 33 cm) and 23 to 28% were above the legal
maximum size (i.e. > 43 cm). There was no obvious change in the proportion of under and/or
over sized fish in the samples over time.

Length frequency distributions for each of the four fishing regions varied slightly but all had
the dominant mode within the 37 - 41 cm range (Fig. 6.3). Mean lengths ranged between 39.9
cm for the Tasman Peninsula region and 41.6 cm for Maria Island and were generally
consistent within each region for each year sampled (Fig. 6.4). In addition to the dominant
mode, a secondary mode was observed at approximately 41 - 43cm for Bicheno and at 46 - 51
cm in the other regions in some years (e.g. St. Helens all years, Maria Is. in 1996, Tasman
Peninsula 1996 and 1997). The overall frequency distribution within a region was also
relatively consistent between years. The proportion of fish within the legal size in each region
was very similar (i.e. 67 - 70%) though the proportion of under and over sized fish varied
between regions. For instance, in each of the years 7 - 10% of fish were below 33 cm and 18 -
23% were over 43 cm for the Tasman Peninsula. This compares with just 2 - 5% and 24 -
31%, respectively, for the other three regions. This is, in part, reflected in the slightly smaller
mean size of banded morwong from the Tasman Peninsula.

Spatial and temporal variability in length frequency distributions is apparent from the seasonal
samples from each region (Fig. 6.5 to 6.8). There is no consistent pattern among regional and
seasonal length frequency distributions over time, but in some instances the distributions are
based on relatively small sample sizes. The observed variability is partially explained if sexed
length frequency distributions are considered (Fig. 6.9 to 6.11). Banded morwong show
distinct size structuring by sex. Males attain larger sizes than females, the largest male from
the sexed samples was 55 cm, 4 cm larger than the biggest female. In fact our data indicate
that very few females attain sizes larger than 45 cm. Despite this, there were significantly
more females than males in the overall sexed catch (fish = 33 cm FL) (x2 analysis, P < 0.001).
There were significantly more females in the autumn 1996 and autumn 1997 samples from
Bicheno and the autumn and winter 1997 samples from the Tasman Peninsula (P < 0.01).
However, sex ratios were not significantly different from 0.5 (P > 0.05) for the other samples
where sex was determined. The proportion of female banded morwong in seasonal catches
varied from 0.51 to 0.79 depending on the region. Within the legal size range of 33 to 43 cm
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FL, the sex ratios were significantly different from 0.5 in all seasonal samples in each region
(P < 0.001). The proportion of females within this size ranged from 0.63 to 0.86, with an
overall proportion of 0.75. Therefore, the commercial catch of banded morwong is
predominantly female. The 37 - 43 cm mode seen in commercial catches is dominated by
females whereas the secondary mode at 46 - 51 cm is comprised almost entirely of males.

Examination of the length frequency data by 1/8 degree fishing blocks reveals some distinct
differences in the size structure, indicating structuring at a small spatial scale (Fig. 6.12). This
is particularly evident for the fishing blocks 5H3C and 5H3G (St. Patricks Head area), and
5H3K and 5H30 (Bicheno Town area), which together comprise the Bicheno region of the
original sampling design. Similarly, heterogeneity is apparent when fishing blocks, 6G4P and
7G2D (Eagle Hawk area), 7H1E and 7G2H (Cape Pillar area), and 7G2G, 7G2F, 7G2B and
7G2A (Nubeena area), which together comprise the Tasman Peninsula region, are treated
separately (Fig 6.13). The St. Patricks Head area shows bi-modality in the size structure with
a distinct trough at approximately 40 - 42 cm whereas the Bicheno Town area has a smoother
distribution with a peak at 41 - 43cm. These characteristic distributions within the larger
Bicheno region were apparent in each of the three years sampled (Fig. 6.14). Distinct
differences could be seen between the three areas comprising the Tasman Peninsula region,
pooled by year, but the distributions by year for each area were not as distinct or consistent as
that seen for the Bicheno region. However, in some instances sample sizes are small and may
not be representative (Fig 6.15).
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Fig. 6.2. Length frequency of banded morwong from east coast Tasmania by year,
pooled by region (n=sample size, x=mean length)
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Fig. 6.3. Length frequency of banded morwong by region, pooled by year
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Fig. 6.4. Length frequency of banded morwong by region and year (The broken reference line is to aid visual
interpretation of the figure and marks the point between 40 and 41 cm FL)
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