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1 Objectives

1) Describe the bycatch species composition and catch rates under standard trawl net
conditions [non-Turtle Exclusion Devices (TEDs) and non-Bycatch Reduction
Devices (BRDs)] in Queensland’s major trawl sectors (eastern king prawn, scallop
and tiger/endeavour prawn sectors).

2) Describe the bycatch species composition and catch rates when nets have TEDs
and BRDs installed in Queensland’s major trawl sectors (eastern king prawn,
scallop and tiger/endeavour prawn sectors).

3) Test and quantify the impact of different combinations of TEDs and BRDs on
bycatch and target species against standard nets under controlled experimental
conditions using chartered commercial trawlers in the eastern king prawn, scallop
and tiger/endeavour prawn sectors.

4) Review the known biology and distribution of all recently approved “permitted
fish” species associated with the trawl fishery.

5) Quantify key population parameter estimates, including growth rates, size at
maturity, distribution and landings, for all recently approved “permitted fish”
species.

6) Apply power analysis to determine how many samples are needed to detect various
levels of change in bycatch species catch rates.

7) Provide advice on the guidelines and definitions of BRDs and TEDs so that the
Boating and Fisheries Patrol can confidently enforce the regulations.



2 Non-technical Summary

OUTCOMES ACHIEVED TO DATE

All stakeholders, including the Queensland Fishery Managers, conservation agencies,
industry, recreational fishing groups, the public, the Great Barrier Reef Marine Park
Authority (GBRMPA) and DEH, are in a much more informed position to comment
on how well the fishery management initiatives are reducing bycatch, and perhaps
what more needs to be done.

Greatly improved understanding of the catch rates and composition of bycatch in each
of the major trawl fishery sectors.

More fishers are using highly effective square mesh codends in the scallop and
eastern king prawn fisheries as a result of the project.

The project demonstrated that bycatch rates in the scallop fishery can be reduced by
77% if square mesh codend BRDs are made mandatory in this sector with TEDs. This
large reduction can be achieved with no loss of marketable scallops and with 63%
fewer undersize scallops being caught.

Improved understanding of the impacts of trawling on species of high conservation or
recreational value.

The project showed fishers and managers how to reduce the incidental catch rate of
stout whiting caught in prawn trawl nets by 57%.

Greatly improved understanding of the elasmobranch bycatch in the trawl fishery, and
the effects of TEDs and BRDs upon them.

Stakeholders are in a more informed position to determine whether the bycatch
composition in each of the major sectors is likely change as a result of TEDs and
BRDs.

The accuracy of standardised catch rates and stock assessments for prawns, scallops
and bugs has improved because the project quantified the effects of TEDs and BRDs
on them.

Queensland fishery managers are in a stronger position to discuss the value of
bycatch monitoring programs, to decide upon their implementation and to provide
input to their design.

Through the project staff involvement with the Technical Working Group, the design
and specifications of BRDs has been improved.

Through project staff interaction with the Boating and Fisheries Patrol, patrol officers
are more informed about TED and BRD design specifications and functions. The
Patrol are in a stronger position to police and enforce the devices.

The yield and value of three spot crabs Portunus sanguinolentus has improved and
the likelihood of overfishing this stock is reduced as a result of the project.

Managers have an improved understanding of the distribution and composition of
Balmain bug (Ibacus spp.) and mantis shrimp landings in Queensland.

Reduced likelihood of overfishing Balmain bugs, as a result of the minimum legal
size advice as a direct result of the project.

Information obtained on the distribution of the pipehorse (Solegnathus cf.
hardwickii), which is listed as vulnerable on the IUCN Red List, can be used to
conserve populations of this species.

The project provided quantitative biological and technical information on two issues
relating to the Queensland trawl fishery:

1) the assessment of TEDs and BRDs on the catch rates of bycatch, target
species and bycatch community structure in the main trawl sectors, and

2) the biology, population dynamics and management of several species that
are caught incidentally in the fishery that can now be retained and marketed.




These species are listed in the Trawl Fishery Management Plan [Fisheries
(East Coast Trawl) Management Plan 1999] as the permitted species and
include barking crayfish (Linuparus trigonus), Balmain bugs (Ibacus spp.),
three spot crabs (Portunus sanguinolentus), mantis shrimps, (Stomatopoda),
cuttlefish (Sepia spp.), octopus (Octopus spp.), pipehorses (Solegnathus spp.)
and Pinkies (Nemipterus spp.).

Evaluating the performance of TEDs and BRDs

The project obtained 1619 measurements and sub-samples of bycatch during a)
dedicated research charters that were designed to test TEDs and BRDs, and b)
opportunistic sampling on board commercial vessels during their normal fishing
activities. A total of 49.1 tonnes of bycatch was weighed at sea, of which 9.8 tonnes
was sub-sampled and processed to species level in the laboratory. Over 1300 taxa
were recorded in the bycatch, including records of new species occurrences in
Queensland, and new information on the extent of species’ distributions.

Information is provided on the a) bycatch species composition in each major sector of
the fishery and their catch rates, b) effects of TEDs and BRDs on the catch rates of
prawns, scallops, byproduct species (i.e., Moreton Bay bugs and Balmain bugs), total
bycatch and individual bycatch species, including the elasmobranchs (sharks and
rays), and c) bycatch community assemblages and how they vary with latitude, depth
and BRD type.

Research charters

The most promising finding from the project was obtained from one of the research
charters which demonstrated that bycatch rates in the saucer scallop fishery could be
reduced by a mean of 77% by using nets with both TEDs and square mesh codend
BRDs, compared to standard nets. Importantly, this reduction was achieved with no
reduction in the catch rate of legal size scallops, and with 63% fewer undersize
scallops being caught. For these reasons we recommend that square mesh codend
BRDs be made compulsory in the scallop fishery. (TEDs are already compulsory in
all trawl sectors, but fishers can use less effective BRDs). If all scallop fishers used
these devices, it would equate to a reduction in bycatch of over 10,000 tonnes
annually compared to pre-2000 levels (i.e., before TEDs and BRDs were introduced).
Use of the square mesh codend BRDs is likely to lower the incidental fishing
mortality on undersize scallops, and possibly increase the available exploitable
biomass.

The project also demonstrated high potential for square mesh codend BRDs with
TEDs in the deepwater eastern king prawn fishery, where the mean bycatch rate was
reduced by 29%, with no loss of targeted prawn catch. For this reason, we also
recommend the mandatory use of square mesh codend BRDs in this sector.

Another 10-night charter undertaken in the shallow water eastern king prawn fishery
demonstrated a significant reduction in mean bycatch rate of 24% by using a radial
escape section BRD and TED, compared to a standard net. This combination of
devices was particularly effective at reducing catch rates of bentho-pelagic species
with fusiform body shape, such as stout whiting Sillago robusta (57% reduction) and
yellowtail scad Trachyurus novaezelandiae (32% reduction). Unfortunately, the mean
catch rate of marketable size eastern king prawns was also reduced by a mean 20%



during the charter, mainly via the TED. The charter showed high potential application
for the radial escape section BRD in the shallow water eastern king prawn fishery. We
believe the prawn loss could be largely mitigated by adjusting the angle of the TED.

The radial escape section BRD and TED were also evaluated in the north Queensland
tiger/endeavour prawn fishery during an eight-night charter. While a significant 20%
reduction in mean bycatch rate was demonstrated, it was concluded that the radial
escape section BRD was less effective in this sector because a) the bycatch fish
species were generally smaller than those of the eastern king prawn fishery and
therefore less capable of swimming to, and escaping out of, the device, and b) trawl
speed is higher and codends are longer in the tiger/endeavour prawn fishery, thus
making it more difficult for small fish species to swim forward and out of the device.
The results show that one BRD type is not suitable for all sectors of the fishery, that
each sector has its own unique bycatch properties and that effective BRD usage needs
to be tailored to each sector.

Opportunistic measures on board commercial vessels

Analysis of the opportunistic sampling obtained on board commercial vessels during
their normal fishing activities indicated that, across the major prawn trawl sectors
(i.e., north Queensland tiger/endeavour prawn, and shallow- and deepwater eastern
king prawns sectors) there was no statistically significant reduction in total mean
bycatch rate (i.e., all bycatch including large sharks, large rays and large sponges
known collectively as “monsters”) due to TEDs and BRDs, compared to standard
nets. When analyses were undertaken excluding large fauna, the mean bycatch rate
(i.e., excluding monsters) was significantly reduced by 25%, when both TEDs and
BRDs were installed. The reduction in bycatch rate due to the TEDs and BRDs that
were used by commercial fishers was low compared to those obtained during the
research charters. Reductions in bycatch rates were greater in the tiger/endeavour
prawn fishery, while no significant reductions were detected for devices being used in
the shallow- and deepwater eastern king prawn sectors. No significant effects on
marketable prawn catch rates were detected for the devices being used by industry. In
the saucer scallop fishery, the TEDs and BRDs that were being used by fishers
resulted in a reduction in total mean bycatch rate (i.e., includes monsters) of 68%.
This reduction was due mainly to TEDs excluding large sponges which dominate the
bycatch weight in this sector. A significant reduction in scallop catch rate of 11% was
detected and mainly attributed to BRDs.

Bycatch reduction could be improved in the Queensland trawl fishery by a) promoting
regular meetings of the Technical Working Group which was formed to evaluate
BRDs and improve upon their technical specifications, b) further research and testing
of BRDs, c¢) workshops with fishers that demonstrate and promote the more effective
devices, d) educational programs for the Boating and Fisheries Patrol to enhance
enforcement of the devices, and e) incentives for fishers to reduce their bycatch.

Biology and management of the permitted species

The project provided information on the biology, distribution and management of the
permitted species. New information is provided on the species composition of
Balmain bug landings in Queensland; the garlic bug Ibacus chacei constitutes the
majority of Balmain bug landings, followed by the honey bug Ibacus brucei and the
velvet bug Ibacus alticrenatus. The project provided a clearer understanding of the



distribution and fishery for these species, as well as an improved understanding of the
growth rates of 1. chacei and the size, age and location at which it reproduces.
Minimum legal sizes for Balmain bugs were developed and recommended to the
fishery managers. The first detailed description of the reproductive biology,
distribution and fishery for the little-known barking crayfish Linuparus trigonus is
provided. We also recommended a minimum legal size of 80 mm CL for barking
crayfish. The reproductive biology and growth of three spot crabs Portunus
sanguinolentus were described and a minimum legal size of 100 mm CW was
recommended and adopted, based on yield-per-recruit analysis. The project provided
new information on the distribution and reproductive biology of mantis shrimps in
Moreton Bay, where the majority of mantis shrimp reported catch is taken. New
information on the catch rates, distribution, sizes and faunal community associations
for the pipehorse, Solegnathus cf hardwickii, which is considered vulnerable and
listed on the International Union for the Conservation of Nature Red List, is also
provided. Information obtained on pinkies (Nemipterus theodorei and N. aurifilum) is
preliminary and includes the first published accounts of the reproductive biology,
distribution and growth for N. theodorei, which is the main species being retained and
marketed. Collectively, the permitted species are valued at $1-2 million annually in
Queensland and while the study has made a significant contribution to understanding
their biology and improving management, further effort and funding are required to
reduce the risk of overfishing these resources.

KEYWORDS: Trawl bycatch, prawns, eastern king prawn, Penaeus plebejus,
tiger prawns, Penaeus esculentus, saucer scallops, Amusium japonicum balloti, TEDs,
BRDs, square mesh codends, radial escape sections, pipehorses, Solegnathus
hardwickii, Balmain bugs, Ibacus chacei, Ibacus brucei, Ibacus alticrenatus, Moreton
Bay bugs, Thenus orientalis, stout whiting, Sillago robusta, three spot crabs, Portunus
sanguinolentus, barking crayfish, Linuparus trigonus, Mantis shrimps, Oratosquilla
interrupta, Oratosquilla stephensoni, Erugosquilla woodmasoni, Harpiosquilla
harpax, Nemipterus theodorei, Nemipterus aurifilum, elasmobranchs, rhinobatids,
Aptychotrema rostrata, urolophids, Trygonoptera testacea, Urolophus sp., Rajids,
Dipturus polyommata, Scyliorhinids, Asymbolus rubiginosus, Galeus boardmani,
generalised linear models, GLM.

3 Background

Prawn trawling generates a higher proportion of discards than any other type of
fishing (Alverson et al., 1994). The Queensland East Coast Trawl Fishery (QECTF) is
the largest trawl fleet in Australia, and in 2004 consisted of about 500 licensed otter
trawlers that were allocated approximately 80,000 boat-nights (predominantly a night-
time fishery) of effort annually. In the late 1990s it was estimated that annual
production of bycatch by the fishery was likely to exceed 25,000 t (Robins and
Courtney, 1998).

The Queensland Government has recognised the need to reduce trawl bycatch and to
this end, has undertaken research to address the problem, with FRDC support.
Research initiatives include FRDC 93/231.07 (Development of the AusTED), FRDC
96/254 (Commercialisation and Extension of Bycatch Reduction Devices) and FRDC
96/257 (Ecological sustainability of bycatch and biodiversity in prawn trawl
fisheries).



The Queensland Fisheries (East Coast Trawl) Fishery Management Plan 1999 sought
to reduce bycatch through the mandatory use of turtle exclusion devices (TEDs) and
bycatch reduction devices (BRDs) throughout the entire fishery. (Note: when the
project proposal was finalised Moreton Bay trawl fishers were still exempt from using
BRDs). Initially, some fishers argued that there were problems with the design,
function and safety of TEDs and BRDs in the scallop and deepwater (> 50 fm) sectors
and as a consequence, implementation of the devices in these sectors was delayed, but
by 2002 both TEDs and BRDs were mandatory in all otter trawl nets throughout the
state.

The research undertaken in this project has quantified the effects of TEDs and BRDs
in the major prawn trawl sectors. It has also demonstrated the potential bycatch
reduction that could be achieved if fishers were to use highly effective BRDs, such as
square mesh codends, in certain sectors.

The trawl Management Plan put forward a Review Event to assess and evaluate the
process of bycatch reduction. The Review Event was a 40% reduction in bycatch by 1
January 2005. However, it is important to note that demonstrating such a reduction is
extremely difficult and dependent upon the ability to measure bycatch production
before, and again after, the management changes were introduced. It is both difficult
and impractical for fishers to weigh and record their bycatch during normal
commercial fishing and as a result, there is no known way to directly measure the
total tonnage of bycatch produced in the fishery. Much of the research presented here
focused on quantifying the effects of TEDs and BRDs on catch rates, rather than total
production.

The trawl fishery Management Plan also increased the number of species that
commercial trawler operators were legally allowed to retain and market. In the past
the “principal fish” species that operators were permitted to retain was restricted to
prawns, scallops, bugs, squid and blue swimmer crabs. However, an additional list of
“permitted fish” species has increased the number of species that fishers can retain.
This list includes Balmain bugs (Ibacus spp.), barking crayfish (Linuparus trigonus),
cuttlefish (Sepia spp.), goatfish (Upeneus spp.), mantis shrimp (Squilla spp.,
Oratosquilla spp.), octopus (Octopus spp.), pinkies (Nemipterus spp.) pipefish
(Solegnathus spp., Haliichthys spp., Halicampus spp.), three spot crabs (Portunus
sanguinolentus), sharks (Carcharhinus spp.) and whiptails (Pentapodus paradiseus).
As these species are now permitted catch and the Queensland Government is obliged
to manage the stocks, the project also focused on quantifying the population dynamics
of many of these species and providing advice on optimising and sustaining their
value.

4 Need

There was a strong need to examine how bycatch rates in the Queensland East Coast
Trawl Fishery were affected by the mandatory introduction of TEDs and BRDs. This
need was driven by a) changes in the Wildlife Protection Act 1984 and Environment
Australia’s Criteria for Assessing Sustainability of Commercial Fisheries, b) national
and global political pressure, and c) a general increase in the awareness of prawn
trawl bycatch by the Australian public.



Although extremely difficult to quantify, there was also a need to consider the 40%
bycatch reduction Review Event outlined in the fishery’s Management Plan. Directly
measuring the total amount of bycatch produced by prawn trawl fisheries is not
possible, and the statistical robustness of estimates is generally considered to be weak
(Andrew and Pepperell, 1992). There is therefore a need to improve methods for
measuring bycatch if reductions are to be demonstrated.
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Effects of the radial escape section BRD in the shallow water eastern king prawn fishery

5 Quantifying the effects of bycatch reduction devices in
Queensland’s (Australia) shallow water eastern king prawn
(Penaeus plebejus) trawl fishery

A. J. Courtney, M. L. Tonks, M. J. Campbell, D. P. Roy, S. W. Gaddes and M. F.
O’Neill

5.1 ABSTRACT

This study presents results from an experimental 10-day research charter that was
designed to quantify the effects of a) a turtle excluder device (TED) and b) a radial
escape section bycatch reduction device (BRD) and c) both devices together, on
prawn and bycatch catch rates in the Queensland shallow water eastern king prawn
(Penaeus plebejus) trawl fishery. The bycatch was comprised of 250 taxa, mainly
gurnards, whiting, lizardfish, flathead, dragonets, portunid crabs, turretfish and
flounders. The observed mean catch rates of bycatch and marketable eastern king
prawns from the standard trawl net (i.e., net with no TED or BRD) used during the
charter were 11.06 (S.E. 0.90) kg per hectare swept by the trawl gear (ha™) and 0.94
kg ha™, respectively. For the range of depths sampled (20.1-90.7 m), bycatch catch
rates declined significantly at a rate of 0.14 kg ha™ for every 1 m increase in depth,
while prawn catch rates were unaffected. When both the TED and radial escape
section BRD were used together they resulted in a 24% reduction in total bycatch
catch rate compared to a standard net, but at a 20% reduction in marketable prawn
catch rate. The largest reductions were achieved for stout whiting Sillago robusta
(57% reduction) and yellowtail scad Trachurus novaezelandiae (32% reduction).
Multidimensional scaling and analysis of similarities revealed that bycatch
assemblages differed significantly between depths and latitude, but not between the
different combinations of bycatch reduction devices. Despite the lowered prawn
catch rates, the reduced bycatch catch rates are promising, particularly for S. robusta
which is not permitted to be retained by the prawn trawl fleet and yet experiences
considerable incidental fishing mortality, and because it is targeted in a separate
licensed commercial fishery.

5.2 INTRODUCTION

Prawn trawl fisheries generate a higher proportion of discards than any other fishery
type (Alverson et al., 1994) and account for more than one third of the estimated total
global discards from fisheries (Pascoe, 1997). In most cases, the weight of the
bycatch exceeds that of the prawn catch and is comprised of tens or hundreds of
species of fish and invertebrates (Gray et al., 1990; Harris and Poiner, 1990; Watson
etal., 1990; Kennelly et al., 1998; Ye et al., 2000; Stobutzki et al., 2001; Steele et al.,
2002). Prawn trawl bycatch can also include protected species such as turtles and sea
snakes (Wassenberg et al., 1994; Ward, 1996; Milton, 2001). In recent years,
increased community awareness of prawn trawl bycatch and scrutiny from
conservation agencies have brought pressure upon governments and fishery
management agencies in several countries to implement bycatch reduction initiatives
(see reviews by Broadhurst, 2000; Hall et al., 2000; Robins et al., 1999), including
the mandatory use of bycatch reduction devices (BRDs).



Effects of the radial escape section BRD in the shallow water eastern king prawn fishery

Despite a marked decline in the number of licensed operators over the past two
decades, the Queensland prawn trawl fleet has remained Australia’s largest, in terms
of number of vessels. In 2004 the fishery consisted of approximately 500 licensed
otter-board trawlers that were allocated approximately 80,000 boat-nights of fishing
effort. An additional 156 smaller beam-trawlers are licensed to trawl in selected
rivers and inshore areas. The fishery mainly targets penaeid prawns (Penaeus spp.
and Metapenaeus spp.) and saucer scallops Amusium ballotti, but fishers are also
permitted to target scyllarid lobsters (Thenus spp.) and squid (Photololigo spp.,
Sepioteuthis spp. and Nototodarus spp.). Issues pertaining to benthic impacts from
the fishery and impacts on bycatch species’ populations are particularly contentious
as about 70% of the otter trawl fishery catch and effort occur in the Great Barrier
Reef Marine Park.

Like most prawn trawl fisheries, the total weight of bycatch caught in the Queensland
fishery is unknown, but likely to exceed 25,000 t annually (Robins and Courtney,
1998). The weight of the retained catch is approximately 10,000 t annually
(Williams, 2002). In recent years, regulations have been introduced progressively that
require all otter trawl vessels to have a turtle excluder device (TED) and an additional
bycatch reduction device (BRD) installed in every trawl net.

Eayrs et al. (1997) described several BRDs that might be suitable for Australian
prawn trawl fisheries. One of these, the radial escape section BRD, was reported to
reduce the bycatch of small pelagic finfish in the Queensland fishery, based on an
observer program (Robins et al., 2000). The radial escape section BRD (also known
as the large-mesh extended-mesh funnel), developed by Watson and Taylor (1988),
has been trialled in other prawn trawl fisheries with promising results (Brewer et al.,
1998; Garcia-Caudillo et al., 2000; Steele et al., 2002). The objective of the present
study therefore, was to quantify the effects of the radial escape section BRD in the
shallow water eastern king prawn trawl fishery, which is one of the major sectors of
the Queensland East Coast Trawl Fishery and known to have a large component of
small pelagic finfish in its bycatch. Specifically, our objectives were to quantify the
effects of a) the radial escape section BRD, b) the TED and c) both radial escape
section BRD and TED installed together in the net on the catch rates of prawns and
bycatch. We also examined the effects of the devices on catch rates and size of
individual bycatch species and whether they were likely to alter the bycatch faunal
community structure.

5.3 METHODS AND MATERIALS

The effects of the radial escape section BRD and TED were quantified using a
dedicated research charter that was conducted over 10 nights in October 2001 and
designed to reflect the trawling methods, locations and bycatch of the commercial
fishery as much as practically possible. The 17 m commercial trawler, FV Elizabeth
G, which had a long history in the fishery, was chartered for the work. The vessel
towed three nets in triple gear formation (i.e., three nets towed from the port,
starboard and stern of the vessel) which is commonly used in the fishery.
Measurements from the stern net were not analysed in detail because it fishes
differently from the port and starboard nets and because no simultaneous paired
comparison was possible with the stern net. New nets were used to minimise variation
between the port and starboard nets due to wear and tear, stretching or repairs. Each of
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the port and starboard nets had a headline length of 12.8 m and a mesh size of 50.8
mm.

5.3.1 Spatial distribution of sampling

Trawling commenced each night about 30 minutes after sunset. Each trawl was
towed at 2.3 knots, took approximately 53 minutes and swept precisely two nautical
miles along the bottom, measured with a global positioning system (GPS). Trawls
were conducted along a straight line to ensure that the nets swept equal areas. After
considering the time required to winch away and retrieve nets, process and measure
catches on the back deck and “steaming” between trawl locations, it was concluded
that about six locations could be trawled each night, resulting in a total of 60
locations and 120 individual trawls (10 nights x six trawls with measures obtained
from two of the three nets). To ensure the bycatch composition closely reflected that
of the fleet, logbook data were used to determine the spatial distribution of the trawls.
The average fishing effort during the months of September-October, inclusive, was
calculated for a five-year period (1995-1999) for each of the logbook’s 6 minute x 6
minute spatial grids. The number of trawls allocated to each grid was proportional to
the average fishing effort the grid received. Thus, grids that received high levels of
fishing effort received more trawls than grids that received low levels of effort.

5.3.2 TED and BRD codend treatments

Four codend types were compared: (1) standard codend only (considered as an
experimental “control” net), (2) standard codend with TED only, (3) standard codend
with radial escape section BRD only, and (4) standard codend with both TED and
radial escape section BRD (Figure 5.3.1). The radial escape section BRD is
characterised by a funnel surrounded by large meshes through which bycatch is able
to escape. The device trialled in our study had the large escape meshes restricted to
its top half (Figure 5.3.1A-C). A hoop constructed from plastic-coated steel wire rope
with a diameter of 14 mm was inserted at the aft end of the BRD to ensure that the
large meshes were held open and there was adequate space between the funnel and
large escape meshes. A second hoop was used at the forward edge of the device,
when not used in conjunction with a TED, to ensure the large escape meshes and the
funnel were maintained in the correct position. The large meshes were hand-sewn
using 6 mm braided polyethylene and equated to 200 mm mesh. The panel of large
mesh was 12 meshes wide by 3 meshes deep (Figure 5.3.2).

The standard codend (Figure 5.3.1) was 75 meshes long and 100 meshes in
circumference and constructed from 48-ply polyethylene trawl mesh, with a mesh
size of 45 mm. The TED used throughout the charter was a modified Wick’s TED
(Figure 5.3.1D, E) and constructed from 20 mm solid aluminium bar and was 69 cm
wide and 84 cm high, with a bar-space of 12 cm. The grid was sewn into a codend
extension that was constructed of the same material used in the standard codend, at
42 degrees from the horizontal, in top-shooter mode (i.e. large bycatch expelled
upwards towards the surface). To construct the codend with both the TED and BRD,
a radial escape section BRD was sewn to the aft edge of a TED extension to form a
single device. The forward hoop of the BRD was removed as the grid of the TED
performed the same function.

10



Effects of the radial escape section BRD in the shallow water eastern king prawn fishery

24.5N 35N

< Ny, <
Y

<-6N

120T D ">~ | 120T

N

/

/
1/
M

- I 58
: <=
B - «| E
|l 21N N |
L 7
1IN2B
C 80T 120T
1IN2B
Forward ,T\
\
/ \
/
/ \
Forward ,T\
100T 100T
75N 75N 75N 75N
Standard codend Radial escape TED Radial escape
section BRD section BRD and

TED

Figure 5.3.1 Design of the radial escape section BRD, TED and the four net treatments used in the
charter. A = Plan view of the radial escape section BRD; B = Elevation of the radial escape section
BRD; C = Plan or elevation of the funnel used in the radial escape section BRD; D = Plan of the
modified Wick’s TED; E = Elevation of the modified Wick’s TED. Lower diagrams show the four
combinations of TED and radial escape section BRD when installed in the nets. Mesh size is 45 mm
except for those marked with *, which was hand-sewn and is approximately 200 mm. T and N refer to
transverse and normal meshes, respectively.
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Figure 5.3.2. The radial escape section BRD and TED after construction. Note the large
escape meshes are restricted to the upper half of the codend circumference.

5.3.3 Measuring and sampling the catch

All eastern king prawns Penaeus plebejus caught in each of the two nets after each
trawl were retained, labelled and frozen for later processing in the laboratory.
Byproduct species were removed from each net, weighed and recorded. The bycatch
from each net was placed into one or more baskets so that it could be weighed and
recorded immediately after each trawl. A sub-sample of the bycatch from each net,
weighing approximately 10 kg, was then removed from the basket, labelled, frozen
and later sorted to species level in the laboratory. The bycatch in prawn trawl nets is
well mixed and sub-sampling in this way can be used to provide unbiased estimates
of total numbers and weights of bycatch species (Heales et al., 2000). If the amount
of bycatch was small (i.e., less than about 10 kg) then it was retained in its entirety.
Large animals weighing more than about 5 kg and species that were protected
(collectively referred to as “monsters”) were not included in the sub-sample, but
rather identified, weighed, recorded and released.

In the laboratory, the sex and size (mm CL) of every prawn were determined. Prawn
lengths were converted to weights using the length-weight relationships reported by
Glaister et al. (1990), and individuals larger than 26 mm CL (about 10 g) were
regarded as marketable, based on the opinion of the vessel’s commercial skipper. The
weight of marketable and non-marketable prawns in each sample was then
determined by summation. Each individual in the bycatch sub-samples was identified
to species level, counted and the total weight of each species measured and recorded.
Length measures for the bycatch species (standard length or total length for fish,
carapace length or width for crustaceans, disc width or length for elasmobranchs,
total length for echinoderms and shell length for molluscs) were obtained from a
maximum of 20 individuals of each species from each sub-sample. The total weight
of each sub-sample was determined by summing the individual species weights
contained within it.

5.3.4 Calculating catch rates for prawns and bycatch species

All catch rates were converted to weight (kilograms, kg or grams, g) per swept area
trawled (hectares, ha). The area swept S by net n during trawl t was estimated thus:

12
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HxFxD
o 10,000

where H was the headline length of the net (12.8 m), F was the net spread factor
(0.75) from Sterling (2005) and D was the distance trawled (2 nautical miles or 3704
m). Division by 10,000 converts the area in square metres to hectares. Because the
weight of individual bycatch species was not directly measured (i.e. the bycatch was
sub-sampled) it was extrapolated using the following:

W, hat =W, x| BV
SSW,,

where W, is the estimate of the weight of species W caught in net n during trawl t, Wy,
is the weight of the species W in the sub-sample of trawl t and net n, TBW;, is the total
bycatch weight (less monsters) from trawl t and net n, and SSWy, is the weight of the
sub-sample of bycatch taken from trawl t and net n.

5.3.5 Statistical design and analysis

Because only two treatments (i.e., two nets) were compared at any one trawl location
a randomised incomplete block design was applied (Montgomery, 1997). The four
codend types and two net positions (port or starboard) resulted in 12 possible
combinations of comparisons (Table 5.3.1). Six trawl locations per night enabled all
12 possible combinations to be repeated every two nights and the order in which they
were applied was randomised. After each trawl, the codends were cut off from the net
and the next pair of codends sewn on in preparation for the next trawl, as per a pre-
determined protocol. The process of removing the codends and sewing on new ones
took about 20 minutes between each trawl. The sampling design and treatment
protocols ensured that each codend treatment type was sampled in each net position
15 times. It also ensured that if there was a significant difference between the port and
starboard nets, referred to as “side-of-boat” effects, then it could be quantified in the
analyses and considered in the interpretation of results.

Table 5.3.1. The 12 combinations of codend type and net position applied to the research
charter treatment protocol.

Combination of
codend type and net

position Port Starboard
1 Standard codend Radial escape section BRD
2 Standard codend TED
3 Standard codend Radial escape section BRD+TED
4 Radial escape section BRD Standard codend
5 Radial escape section BRD TED
6 Radial escape section BRD Radial escape section BRD+TED
7 TED Standard codend
8 TED Radial escape section BRD
9 TED Radial escape section BRD+TED
10 Radial escape section BRD+TED Standard codend
11 Radial escape section BRD+TED Radial escape section BRD
12 Radial escape section BRD+TED TED

13
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Generalised linear modelling (GLM) using GenStat (2003) statistical software was
used to examine the variation in catch rates of bycatch (both total bycatch and
individual bycatch species) and prawns. Individual trawl locations (numbered 1-60)
were considered as a categorical blocking term. The model distributions and link
functions included normal distribution with identity link, binomial distribution with
logit link and gamma distribution with logarithm link functions. Three data
transformations were trialled when normal distributions were used: power, log and
square root. The best model goodness-of-fit was obtained by examining plots of the
standardised residuals and if residuals were not normally distributed then the model
distribution type or transformation would be changed until normality was attained.
The models took the following general form:

U= ﬂo + ,Bl(TraWI location (Side of vessell_ 2) + ﬁ3 (Codend typel_4) + &

1-60) + 42

where U was the predicted catch rate for a) total bycatch weight, b) individual
bycatch species weight, or ¢) targeted prawn weight from each trawl, £, and £, were
scalar parameters that were estimated, and f; and f; were vector parameters that were
estimated and ¢ was the error term. Only estimates of #; are presented as this
parameter quantifies the effects of the different codend types. For purposes of
interpretation, the #3 parameter estimates were proportionally scaled so that they
could be compared against a standard codend parameter value of 1.0. A similar
model was used to examine variation in the mean length of bycatch species.
However, all length analyses were undertaken using normal distributions with
identity link functions. There were no “side-of-boat” effects on length for any species
and so this factor was dropped from the model. Again, only results for the f;
parameter (i.e., codend effects) are provided.

Multidimensional scaling (MDS) was used to examine variation in the bycatch
community structure due to latitude, depth and codend type. The statistical software
package PRIMER (Plymouth Routines in Multivariate Ecological Research) by
Clarke and Warrick (1994) was used to undertake the analyses. A Bray-Curtis
similarity matrix (Bray and Curtis, 1957) was used to examine the similarity between
each pair of samples and based on standardised catch rates of individual species in
each sample (g ha™). Two data transformations were used, square-root and presence-
absence, but only results from analyses that produced the lowest stress levels [stress
values < 0.2 are considered to provide adequate representation (Clarke and Warrick,
1994)] are presented. The PRIMER routine ANOSIM (analysis of similarities) is a
simple non-parametric permutation applied to the similarity matrix to test for
differences between groups. ANOSIM calculates an R-statistic which is usually
between 0 and 1, such that 0 represents low dissimilarity between groups, and 1
represents high dissimilarity. A global R-statistic refers to the difference between all
groups. A second routine SIMPER (similarity percentages) was used to examine the
contribution of species to the average dissimilarity between groups. To reduce the
number of factor levels, depths were rounded to the nearest 10 m and latitude to the
nearest 0.5 degree. MDS was carried out on species that were present in at least 5% of
samples to avoid the species-sample matrix table from being dominated by zeros.

14
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5.4 RESULTS

The results were limited to the targeted prawn catch and bycatch. Results for
byproduct are not presented, due to the variability in the size at which some byproduct
species (i.e., cuttlefish, octopus) are retained and marketed by commercial fishers.

5.4.1 Catch rates and effects of bycatch reduction devices

The charter produced 120 measures of bycatch and eastern king prawn catch rates and
bycatch sub-samples from 60 locations (Figure 5.4.1) (i.e., 60 locations with
measurements and sub-samples obtained from two nets towed simultaneously at each
location). Overall mean catch rates from all net types were 9.56 (S.E. 0.44) kg ha™ for
bycatch and 0.98 (S.E. 0.09) kg ha™ for prawns. The depth of the trawls ranged
between 20.1 m and 90.7 m, with most between 40.0-90.0 m. There was no
significant effect of depth on prawn catch rates, however bycatch catch rates declined
significantly at a rate of 0.14 kg ha™ for every one metre increase in depth (Figure
5.4.2).

153°?iO'0"E 154°P'0"E

g( — Research charter transectq
i

{

_~_~_ Fishery distribution

27°0'0"S+ [F27°0'0"S

27°30'0"S4 [F27°30'0"S
Nautical Miles

0255 10 15
[ m— ]

l,l

T T
153°30'0"E 154°0'0"E

Figure 5.4.1. Location of the 60 two-nautical mile trawl sites in the shallow water eastern
king prawn fishery that were sampled during the experimental research charter. Measures of
prawn catches, bycatch and bycatch sub-samples were obtained from two nets (port and
starboard) towed simultaneously at each location. Each “transect” is comprised of
approximately 50 location data point readings taken directly from the vessel’s global
positioning system at one-minute intervals while trawling and imported into a geographic
information mapping program (ArcVIEW) for presentation.
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Figure 5.4.2. The effect of depth on catch rates of prawns and bycatch in the Queensland
shallow water eastern king prawn trawl fishery, based on measurements from the
experimental research charter. Dotted lines are 95% confidence intervals of the mean.

The observed mean catch rate of bycatch from the standard net was 11.06 (S.E. 0.90)
kg ha™ (Table 5.4.1). All codend treatment types significantly (P < 0.05) reduced
bycatch catch rates compared to the standard net, and all four treatments differed
significantly from each other. The net with both the radial escape section BRD and
TED resulted in the largest reduction of 24% (f; parameter estimate of 0.76, Table
5.4.1), while the radial escape section by itself resulted in a reduction of 19% (3
parameter estimate of 0.81) and the TED by itself a reduction of 10% (f; parameter
estimate of 0.90).

Over the 10 days a total of 18,289 prawns from 14 species were caught. Eastern king
prawns (P. plebejus) made up 80% of the catch numerically. The second most
numerous species was the hardback prawn or southern rough prawn (Trachypenaeus
curvirostris), which comprised about 15%. Other species present in relatively small
numbers included the red endeavour prawn (Metapenaeus ensis), the blue-legged
king prawn (Penaeus latisulcatus), the red-spot king prawn (Penaeus longistylus) and
the brown tiger prawn (Penaeus esculentus). About half of the prawn species had no
commercial market value and most were relatively uncommon in the catch. The
observed mean catch rate of marketable eastern king prawns (i.e., those larger than 10
g) from the standard net was 0.94 kg ha™ (Table 5.4.1). There was a significant
reduction of 20% (P < 0.05, 3 parameter estimate of 0.80, Table 5.4.1) in the net
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with both radial escape section BRD and TED. Most of the prawn loss was attributed
to the TED (P < 0.05, #; parameter estimate of 0.88), while the reduction in the net
with the BRD only was not significant. There were no significant effects on the catch
rates of non-marketable prawns (i.e. those smaller than 10 g), which had an observed
mean catch rate of 0.05 kg ha™.

A total of 250 taxa were recorded in the 120 bycatch sub-samples, with most species
being relatively uncommon. For example, 178 taxa (71% of species) occurred in
fewer than 10% of sub-samples and 68 taxa (27% of species) were found in only one
sub-sample. The 10 species with the highest mean catch rates were the gurnard
Lepidotrigla argus (2126.23 g ha™), stout whiting Sillago robusta (780.81 g ha™),
lizardfish Saurida grandisquamis (721.55 g ha™), flathead Platycephalus longispinis
(435.60 g ha™), dragonet Callionymus calcaratus (379.74 g ha™), dragonet
Callionymus limiceps (214.25 g ha™), portunid crab Portunus rubromarginatus
(173.08 g ha™), the turretfish Tetrosomus concatenates (169.29 g ha™), the spot-tail
wide-eye flounder Engyprosopon grandisquama (167.94 g ha™) and the slender
flounder Pseudorhombus tenuirastrum (152.9 g ha™).

A complete list of 406 species that the project recorded in the shallow water eastern
king prawn bycatch, and their catch rates, is provided in Appendix 1. This list
includes the 250 species recorded from the charter and additional species recorded in
bycatch obtained from opportunistically sampling on board commercial vessels
operating in this sector.
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Table 5.4.1. The effects of the radial escape section BRD and TED on the catch rates of bycatch and target prawn species Penaeus plebejus based on
120 individual net tows (60 trawls x 2 nets). Generalised linear modelling was used to quantify codend treatment effects. Significant differences

between treatments (P < 0.05) are bolded and identified by different alphabetic characters (A, B, C or D). Parameter estimates were proportionally
scaled so they can be compared to a standard net parameter value of 1. Standard errors in parentheses.

Predicted change in catch rates based on generalised linear model parameter
Mean observed catch

. ) estimates (proportionally scaled to a Standard net parameter value of 1) o
Response variable rate in kg ha™ ) ) ) ) Distribution type
Standard net TED onl Radial escape section Radial escape section
y BRD only BRD and TED together
Total bycatch 11.06 (0.90) A 0.90 (0.03) B 0.81(0.03) C 0.76 (0.03) D Gamma
Marketable prawns 0.94 (0.16) A 0.88 (0.02) BC 0.91 (0.02) AC 0.80 (0.02) B Normal (square-root
transformed)
g'rgnw'rrgarketab'e 0.05 (0.03) A 1.25 (0.28) A 1.14 (0.25) A 1.25 (0.28) A Normal (log transformed)

18



Effects of the radial escape section BRD in the shallow water eastern king prawn fishery

The codend effects were examined for 26 species that comprised 90% of the total
bycatch weight from the standard net (Table 5.4.2). Conclusive analyses for the
remaining species were hindered due to their low occurrence (i.e. they were present
in fewer than 8% of sub-samples). The gurnard L. argus was the most commonly
encountered species and occurred in 91% of sub-samples, followed by the portunid
crab Portunus rubromarginatus (90% of samples), the lizardfish Saurida
grandisquamis (83% of samples) and the triangular boxfish Tetrosomus concatenates
(76% of samples). Catch rates for L. argus (2698.03 g ha™) were more than twice that
of any other species. Of the 26 species, 20 displayed lower predicted mean catch
rates, or probabilities of capture, from the net that had both the BRD and TED,
however significant reductions (P <0.05) were only detected for three species: L.
argus, S. robusta and the scad Trachurus novaezelandiae. In general, the net with
both the BRD and TED resulted in the largest reductions, followed by the net with
the BRD only, and then by the net with the TED only (Table 5.4.2). The largest
reduction was achieved for S. robusta where catch rates fell 57% from 1275.12 g ha™
in the standard net to a predicted rate of 548.30 g ha™ in the net with both the BRD
and TED. Predicted reductions for L. argus and T. novaezelandiae in the net with
both devices were 28% and 32%, respectively, compared to the standard net (Table
5.4.2).

The effects on the mean length of bycatch species were variable. Seventeen of the 26
species examined above were unaffected, while the mean lengths of nine species
were significantly affected by one or both devices (Table 5.4.3). The flathead
Ratabulus diversidens had the largest change in length — a reduction from 195.10 mm
in the standard net to 160.24 mm in the net with both devices. The results suggest that
larger individuals escaped through both the TED and BRD, thus lowering the mean
size of those retained. The scorpinid Maxillicosta whitleyi was the smallest fish
species with a significant effect. Mean length declined from 44.76 mm in the
standard net to 43.45 mm in the net with both the TED and BRD. Not all significant
changes were reductions. For example, the mean length of the lizardfish S.
grandisquamis and stout whiting S. robusta increased in nets with a TED, suggesting
that proportionally more small individuals of these species escaped via the TED. The
mean length of goatfish Upenaeus asymmetricus also increased, but mainly due to the
BRD.
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Table 5.4.2. Catch rates of the more frequently encountered bycatch species caught during the research charter and the effects of the radial escape section
BRD and TED on their catch rates. Generalised linear modelling was used to quantify effects. Significant effects (P < 0.05) are bolded. Treatments with the
same alphabetic character (A, B, C or D) were not significantly different. Distribution types used in the models were N = normal, G = gamma and B =
binomial. The parameter estimates have been proportionally scaled so they can be compared to a Standard net parameter value of 1. Standard errors (S.E.) in

parentheses.
Predicted change in catch rates based on generalised linear
model parameter estimates (proportionally scaled to a
Occurrence (%) Standard net mean Standard net Standard net parameter value of 1)
in 120 samples observed predicted Radial escape
Species (60 trawls x 2 catch rate probability of Radial escape section section BRD and  Distribution

nets) (g ha™) capture TED only BRD only TED together type
Lepidotrigla argus 91 2698.03 (287.00) A * 0.82 (0.001) B 0.81 (0.06) B 0.72 (0.05) B N (log)
Portunus rubromarginatus 90 206.04 (41.93) * 1.14 (0.18) 1.17 (0.18) 1.03 (0.16) G
Saurida grandisquamis 83 670.86 (150.42) * 1.52 (0.26) 0.90 (0.15) 0.98 (0.15) G
Tetrosomus concatenates 76 64.64 (15.80) * 1.20 (0.30) 1.20 (0.30) 1.25(0.33) G
Pseudorhombus tenuirastrum 73 121.68 (24.95) * 0.96 (0.19) 1.25(0.24) 1.11 (0.22) G
Platycephalus longispinis 72 573.78 (121.30) * 1.15 (0.24) 1.42 (0.30) 0.88 (0.19) N (log)
Optivus sp. 1 70 91.36 (24.76) * 0.98 (0.12) 0.89 (0.11) 1.10 (0.14) G
Trachinocephalus myops 68 177.97 (41.75) * 0.72 (0.19) 0.92 (0.23) 0.81(0.21) G
Portunus argentatus 65 113.88 (56.74) * 0.89 (0.19) 0.99 (0.21) 0.98 (0.21) G
Engyprosopon grandisquama 61 242.03 (70.04) * 0.84 (0.15) 0.95 (0.17) 0.91 (0.16) N (log)
Callionymus calcaratus 60 525.81 (174.108) * 0.94 (0.12) 0.96 (0.12) 0.80 (0.09) G
Maxillicosta whitleyi 60 99.90 (39.91) * 0.84 (0.18) 0.91 (0.19) 1.16 (0.22) G
Inegocia japonica 57 141.51 (50.03) * 1.41 (0.36) 1.34(0.32) 1.16 (0.27) G
Aptychotrema rostrata 55 N/A 0.56 (0.08) 0.61 (0.07 0.56 (0.09) 0.48 (0.06) B
Torquigener altipinnis 51 100.79 (32.45) * 0.70 (0.17) 1.09 (0.27) 0.84 (0.19) G
Callionymus limiceps 49 254.65 (100.99) * 1.22 (0.24) 0.92 (0.15) 0.78 (0.12) G
Sillago robusta 38 1275.12 (395.81) A * 0.74 (0.16) B 0.56 (0.12) C 0.43 (0.09) C G
Gnathophis grahamii 36 N/A 0.32 (0.07) 0.37 (0.05) 0.42 (0.04) 0.27 (0.04) B
Platycephalus caeruleopunctatus 36 N/A 0.40 (0.05) 0.36 (0.05) 0.36 (0.07) 0.30 (0.06) B
Ratabulus diversidens 29 63.59 (22.01) * 0.68 (0.42) 0.62 (0.41) 0.49 (0.36) G
Pseudorhombus arsius 18 70.95 (28.19) * 0.90 (0.57) 0.89 (0.38) 0.72 (0.33) G
Trachurus novaezelandiae 18 316.03 (154.88) A * 0.86 (0.17) AB 0.80 (0.10) AB 0.68 (0.09) B N (log)
Upeneus asymmetricus 18 115.72 (61.60) * 1.17 (0.34) 0.77 (0.26) 0.73 (0.21) G
Paraplagusia unicolour 14 196.69 (120.20) * 0.76 (0.37) 0.61 (0.29) 0.84 (0.39) G
Dasyatis kuhlii 8 N/A 0.30 (17.03) 0.14 (22.13) 0.06 (1.65) 0.05 (1.97) B
Plotosus lineatus 8 299.66 (297.19) * 0.67 (0.17) 0.58 (0.15) 0.75 (0.19) N (log)
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Table 5.4.3. Effects of the TED and radial escape section BRD on bycatch species’ lengths (in mm). Significant effects (P < 0.05) are bolded. Lengths were
normally distributed. Treatments with the same alphabetic character (A, B, C or D) were not significantly different. Standard errors in parentheses.

Generalised linear model estimates of mean lengths

Number of Radial escape section
individuals Radial escape BRD and TED
Species measured Standard net TED only section BRD only together

Lepidotrigla argus 2152 88.25 (0.59) A 86.50 (0.59) B 88.03 (0.59) AB 89.13 (0.59) A
Portunus rubromarginatus 1110 43.98 (0.51) 44.77 (0.55) 43.97 (0.52) 44.33 (0.50)
Saurida grandisquamis 744 234.59 (4.29) A 253.04 (4.68) B 239.72 (3.96) A 241.55 (3.51) AB
Tetrosomus concatenatus 579 69.51 (2.29) 72.01 (1.97) 69.01 (2.19) 74.51 (1.92)
Pseudorhombus tenuirastrum 465 191.89 (3.52) AB 193.16 (2.58) AB 198.39 (2.43) A 191.02 (2.46) B
Platycephalus longispinis 1193 141.67 (0.93) AB 139.05 (1.08) A 142.49 (1.01) B 141.76 (0.90) AB
Optivus sp. 1 1019 79.18 (0.49) 79.48 (0.44) 80.35 (0.39) 79.33(0.43)
Trachinocephalus myops 496 136.03 (3.10) 130.87 (3.65) 136.37 (2.88) 131.88 (3.14)
Portunus argentatus 1029 32.03 (0.30) 31.31 (0.24) 31.51 (0.29) 31.51 (0.27)
Engyprosopon grandisquama 1144 89.65 (0.76) 88.71 (0.92) 88.51 (0.80) 89.93 (0.83)
Callionymus calcaratus 919 120.28 (0.72) AB 118.17 (0.83) A 121.22 (0.77) B 122.32 (0.74) B
Maxillicosta whitleyi 873 44,76 (0.46) A 43.80 (0.49) AC 46.03 (0.45) B 43.45(0.42) C
Inegocia japonica 509 111.14 (2.65) 116.63 (3.07) 109.80 (2.69) 111.95 (2.49)
Aptychotrema rostrata 158 482.20 (17.80) 430.60 (26.00) 432.20 (12.70) 466.20 (21.20)
Torquigener altipinnis 448 85.35 (1.29) 85.91 (1.29) 83.31 (1.11) 83.46 (0.95)
Callionymus limiceps 666 117.79 (1.74) 117.27 (1.88) 116.46 (1.43) 116.73 (1.68)
Sillago robusta 655 135.50 (1.08) A 139.14 (1.32) BC 136.13 (1.35) AB 140.88 (88) C
Gnathophis grahamii 101 289.66 (7.76) 294.10 (9.05) 290.86 (17.08) 299.55 (10.36)
Platycephalus caeruleopunctatus 82 277.74 (10.25) 277.13 (9.57) 267.69 (9.07) 278.17 (9.19)
Ratabulus diversidens 161 195.10 (10.09) A 172.68 (8.41) AB 175.43 (9.09) AB 160.24 (8.38) B
Pseudorhombus arsius 41 214.10 (13.30) 231.60 (28.10) 220.80 (19.30) 222.50 (16.40)
Trachurus novaezelandiae 175 142.57 (0.84) 144.92 (1.39) 149.44 (3.47) 143.30 (1.81)
Upeneus asymmetricus 226 99.93 (1.05) A 105.91 (1.28) B 100.05 (1.07) A 101.06 (1.25) A
Paraplagusia unicolour 230 198.71 (2.27) 199.19 (2.40) 202.78 (2.19) 199.31 (2.09)
Dasyatis kuhlii 12 284.60 (43.80) - 219.60 (80.10) -
Plotosus lineatus 36 172.96 (3.76) 172.96 (3.76) 159.63 (22.98) 164.63 (9.92)
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5.4.2 Variation in bycatch assemblages

Variation in bycatch community structure and the effects of the TED and BRD
multidimensional scaling (MDS) was carried out using all 120 sub-samples and the
catch rates of 118 species that were present in 5% or more of the sub-samples. The
resulting stress value was 0.16 for a two-dimensional ordination (Figure 5.4.3A-C).
Analysis of similarities (ANOSIM procedure in PRIMER) revealed that bycatch
assemblages differed significantly between depths (global R = 0.563, P < 0.001), with
the largest differences between the shallowest and deepest categories. Pairwise tests
for the a) 20 m and 70 m groups, b) 20 m and 80 m groups, ¢) 20 m and 90 m groups,
and d) 30 m and 90 m groups all produced R-statistic values of 1.000. Species that
accounted for high proportions of the dissimilarity between the shallowest (20 m) and
deepest (90 m) sites were S. robusta (11.39%), L. argus (9.30%), lemon tonguesole P.
unicolour (5.59%), C. limiceps (5.19%), the toadfish T. altipinnis (4.80%), the painted
lizardfish T. myops (3.92%), the flatfish Arnoglossus fisoni (3.86%), the goatfish U.
asymmetricus (2.91%) and the Japanese flathead I. japonica (2.68%). L. argus was
completely absent from the 20 m sites while S. robusta, P. unicolour, T. altipinnis, A.
fisoni and U. asymmetricus were absent from the 90 m sites.

Bycatch assemblages were also affected, to a lesser degree, by latitude (global R =
0.150, P < 0.001), with the largest difference between the northernmost (26.5°S) and
southernmost (28°S) sites (R-statistic = 0.734, Figure 5.4.3B). Species that accounted
for high proportions of the dissimilarity between these sites were L. argus (7.74%), S.
robusta (6.02%), P. longispinis (4.01%), S. grandisquamis (3.72%), the spiny
flounder Pseudorhombus tenuirastrum (3.23%) and P. unicolour (2.98%). Catch
rates of S. robusta and P. unicolour were about 10 times higher at the northernmost
sites.

Given the marked influence of depth, a two-way crossed analysis of similarities was
undertaken to examine the effects of the codend types with depth as the first factor
and codend type as the second. The depth effect was confirmed (global R-statistic =
0.561, P < 0.001) but there was no significant effect of codend type on bycatch
assemblages (global R =-0.033), nor was there any evidence of clustering or
grouping of species from the MDS due to codend type (Figure 5.4.3C).
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Figure 5.4.3. Two-dimensional MDS of bycatch sub-samples from an experimental research
charter undertaken in the Queensland shallow water eastern king prawn trawl fishery. Catch
rates were square-root transformed. The analyses used all 120 sub-samples and 118 species.
Factors examined were (A) depth, (B) latitude and (C) codend type.
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55 DISCUSSION
5.5.1 Evaluating the performance of the TED and radial escape section BRD

Our study has shown that bycatch can be significantly reduced (f; parameter estimate
of 0.76 equates to a 24% reduction) in the shallow water eastern king prawn fishery
by using both the TED and radial escape section BRD together, but at a significant
loss of marketable prawn catch (f#3; parameter estimate of 0.80 equates to a 20%
reduction). Brewer et al. (1998) undertook a scientific trial at sea comparing several
TEDs and BRDs in Australia’s Northern Prawn Fishery. They found that the radial
escape section BRD reduced bycatch of small finfish by an average of 20-40%
compared to a standard net with no TED or BRD, but also recorded a significant
prawn loss of about 20% during one of the two legs of the trial. Garcia-Caudillo et al.
(2000) compared a radial escape section BRD with TED against a net with TED-only
(i.e., control net) during two research cruises in the Gulf of California shrimp (=
prawn) fishery. Total bycatch was reduced by 40.2% during the first cruise and
43.0% during the second. They also recorded prawn losses of 7.3% and 5% in the
first and second cruises respectively, due to the radial escape section BRD. Steele et
al. (2002) evaluated the effects of an extended mesh funnel BRD (= radial escape
section BRD) with TED against a net with TED-only (i.e., control net) in the Florida
shrimp fishery. They found that, for a range of different net sizes, the radial escape
section reduced the total weight of fish bycatch by 18-60%. Four of their six
experimental trials resulted in a reduction in prawn catch that varied between 5% and
29%, compared to the control net. Collectively, when results from Brewer et al.
(1998), Steele et al. (2002), Garcia-Caudillo et al. (2000) and our study are
considered together they all indicate that the radial escape section is a highly
effective BRD but likely to incur some loss of prawn catch.

Catch rates for the most commonly encountered species, the gurnard L. argus, were
reduced by 28% and attributed to roughly equal numbers escaping through the TED
opening and the radial escape section (Table 5.4.2). However the largest reductions,
which were achieved for the stout whiting S. robusta (57% reduction) and the scad T.
novazelandiae (32% reduction), were attributed mainly to the radial escape section.
Both of these species are bentho-pelagic with fusiform body shape and a reasonably
strong swimming ability. Length analyses (Table 5.4.3) suggested that it was mainly
the smaller stout whiting that escaped, while there was no significant effect on the
size of the scad. The devices had no effect on the catch rates or size of portunid crabs,
P. rubromarginatus and P. argentatus. The results suggest that the radial escape
section is more effective at reducing the capture of species with strong directional
swimming ability and a body form that allows unhindered passage through the large
meshes. It is possible that larger reductions could be achieved by moving the device
further toward the codend draw string, thus shortening the distance that species are
required to swim to escape. Broadhurst et al. (2002) demonstrated that bycatch
exclusion increased as a square mesh panel BRD was positioned further down the
net, but at significant loss of prawn catch. In the present study, the large escape
meshes were restricted to the upper-half of the radial escape section BRD (Figure
5.3.1B). It is possible that larger reductions could be achieved by extending the large
meshes around the entire circumference of the net, thus extending the area through
which bycatch could escape, but this would likely result in larger prawn losses.
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There were no consistent patterns in mean length due to the effects of the TED, the
radial escape section BRD, or when both devices were used together (Table 5.4.3).
Most species experienced no significant effects of the devices on size and when
significant effects were detected, about half were increases in length, and half
decreases. This is consistent with the effects on length found by Garcia-Caudillo
(2000) while testing a radial escape section BRD in the Gulf of Mexico.

Despite the reduced prawn catch rate, results for stout whiting S. robusta are
particularly encouraging because there is a separate licensed commercial fishery for
this species in Queensland that spatially overlaps with the prawn fishery. Prawn trawl
fishers are not permitted to retain stout whiting and yet the estimated incidental catch
and mortality imposed by the prawn fleet is likely to exceed the total allowable catch
for the stout whiting fishery, which is currently 1100 t. The 57% reduction achieved
for S. robusta indicates that there is great potential to reduce the incidental fishing
mortality on this species.

5.5.2  Variation in bycatch composition

The bycatch was characterised by a) a large number of fish and invertebrate species
(250 taxa), most of which were uncommon (71% occurred in fewer than 10% of sub-
samples), b) dominant species (by weight) were a mixture of benthic and demersal
finfish and crabs, mainly gurnards, stout whiting, portunid crabs, lizardfish, flatheads,
dragonets and flounders ¢) faunal community assemblages that were affected by
depth (20-90 m) and latitude (25°-28° S). When results from the single species
(Table 5.4.2) and multivariate (Figure 5.4.3) analyses were considered, they indicated
that the TED and radial escape section reduced catch rates for most bycatch species
but not enough to significantly alter the general composition of the bycatch or to
result in distinct “non-BRD” and “BRD” groups.

Watson et al. (1990) described the temporal and spatial variation in bycatch fauna
from a prawn trawl fishery in Central Queensland (18°-19°S). They sampled eight
sites on a monthly basis for two years and recorded 477 taxa. The faunal composition
was more affected by site location than by sampling time, and characterised by three
spatial groups across the continental shelf 1) nearshore, 2) midshelf, and 3) inter-reef.
Stobutzki et al. (2001) recorded 359 teleost and elasmobranch species from 401 trawl
samples from the Australian Northern Prawn Fishery (10°-15°S). They also
concluded that variation in the bycatch was higher due to regional, rather than
seasonal differences. Kennelly et al. (1998) also found highly significant effects due
to location in the New South Wales eastern king prawn trawl bycatch (29°-33°S), but
no significant effects due to season or year. These studies and the present study
results confirm strong spatial differences in prawn trawl bycatch composition within
each fishery. In the present study, depth had a stronger influence on bycatch
composition than latitude or codend type.

5.5.3 Total annual bycatch production and the effects of bycatch reduction devices

TEDs and BRDs were introduced progressively in the Queensland East Coast Trawl
Fishery from November 1999 to July 2001 and are now compulsory throughout the
fishery, including the shallow water eastern king prawn fishery. The catch rates from
the standard nets used during the charter can be used to estimate the amount of
bycatch produced prior to the management changes. For example, the mean standard
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net catch rate was 11.06 (S.E. 0.90) kg ha™* for bycatch and 0.94 (S.E. 0.16) kg ha™
for prawns, or 11.78 (S.E. 2.19) kg bycatch per kg of prawns. Logbook data show that
the average annual reported harvest from the shallow water (< 50 fm) eastern king
prawn fishery from 1988-1999 inclusive was about 929.6 (S.E. 39.5) t, which using
simple extrapolation, equates to an average annual bycatch of 10,948.8 (S.E. 2085.2)
t. If trawler operators adopted the TED and radial escape section BRD and the 24%
reduction in bycatch (Table 5.4.1) was extrapolated to the fleet, it would equate to an
annual reduction of about 1824 t, but at a considerable loss (20%) of marketable
prawns. Garcia-Caudillo et al. (2000) extrapolated the 40.2% reduction in bycatch
attained during their research cruise to the total fleet operating in the Gulf of
California fishery and concluded that bycatch could be reduced by 73,000 t annually.
Kennelly et al. (1998) described the bycatch from the New South Wales ocean prawn
trawl fishery, which also targets eastern king prawns. They estimated that over a two-
year period from winter 1990 to autumn 1992 approximately 1578 t of prawns were
caught with an associated 16,435 t of bycatch, of which they estimated 2953 t was
retained for sale (as byproduct). These estimates equate to prawn-to-total bycatch
ratios of 10.4:1 and prawn-to-discarded bycatch (with byproduct retained) of 8.5:1,
which is slightly lower than we obtained.

Other changes were introduced in the fishery’s Management Plan with the
introduction of TEDs and BRDs that may have also indirectly affected bycatch
production, including a licence buy-back scheme, the allocation of annual fishing-
nights to individual licensees and an effort trading scheme that prevents overall
increases in fleet fishing power (also known as effort creep). Collectively, these
measures have lead to an overall reduction in trawl fishing effort for the entire fishery,
and shifts in the temporal and spatial distribution of thousands of boat-days of effort
within and between the trawl sectors. Logbook data indicate that effort in the shallow
water eastern king prawn sector has declined from an annual average of about 18,500
boat-days in the period 1988-1999 to about 14,900 boat-days in the period 2000-2003
after the Plan was implemented — a reduction of approximately 20%. As a result,
bycatch is likely to have declined in this sector since the introduction of the Plan due
to reduced effort, in addition to reductions due to the introduction of TEDs and BRDs.

5.6 CONCLUSION

The main finding from the study was that when used together, the TED and radial
escape section BRD reduced total bycatch catch rates by 24%, but at a 20% reduction
in the marketable prawn catch rate, compared to a standard net with no TED or BRD
(Table 5.4.1). The composition of the bycatch varied with depth and latitude, and
although the devices reduced the catch rates for most species, they are unlikely to
alter the general character of the bycatch composition. While the bycatch reductions
are promising, the reduced prawn catch will almost certainly dissuade fishers from
voluntarily adopting this combination of devices. The radial escape section BRD was
most effective at reducing bentho-pelagic species with fusiform body shape and good
swimming ability and showed great potential for reducing the incidental fishing
mortality of stout whiting S. robusta which is targeted in another fishery.
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6 Quantifying the effects of bycatch reduction devices in the north
Queensland tiger/endeavour prawn fishery

A. J. Courtney, C. van der Geest, C. Rose, C. T. Turnbull, M. J. Campbell, D. P. Roy,
M. L. Tonks, and P. M. Kyne

6.1 ABSTRACT

This chapter presents results from an eight-day research charter that quantified the
effects of a turtle excluder device (TED) and radial escape section bycatch reduction
device (BRD) on marketable prawn and bycatch rates in the north Queensland
tiger/endeavour prawn fishery. There were 317 taxa recorded in the bycatch, based on
192 sub-samples. Dominant species groups were flatfish, cardinalfish, lizardfish,
catfish, dragonets, leatherjackets, toadfish, ponyfish, goatfish, and non-targeted
penaeid prawns and portunid crabs. Multidimensional scaling and analysis of
similarities showed that bycatch assemblages varied strongly with latitude, and to a
lesser extent with depth, but not with codend treatment type. When the TED and
radial escape section BRD were used together, bycatch rates were reduced
significantly by 20%, with no significant loss of marketable size prawns. The largest
reduction in bycatch rate was 36% for the naked headed catfish Euristhmus nudiceps.
Fish species that showed significant reductions in catch rate that were attributed to the
TED, the radial escape section BRD or both devices together, were all larger than 70
mm in length. While the 20% reduction in bycatch rate is encouraging it was lower
than expected, probably because of the inability of many small fish species to swim
forward and out of the large escape meshes due to the relatively high speeds (i.e., > 3
knots) at which trawling for tiger prawns occurs.

6.2 INTRODUCTION

The north Queensland tiger/endeavour prawn fishery is a major component of the
state’s trawl fishery and located in coastal waters north of 22°S. Catches of tiger and
endeavour prawns also occur south of this latitude, but they are relatively minor. The
fishery is regulated, and spatially defined by, an annual closure from 15 December to
1 March which extends from the tip of Cape York Peninsula (11° S) south to 22°S to
depths of approximately 100 m (50 fm). The major targeted species are tiger prawns
(Penaeus esculentus and Penaeus semisulcatus) and endeavour prawns (Metapenaeus
endeavouri and Metaepenaeus ensis), but several other prawn species are also taken
including redspot king prawns (Penaeus longistylus), blue-legged or western king
prawns (Penaeus latisulcatus), eastern king prawns (Penaeus plebejus), banana
prawns (Penaeus merguiensis), black tiger prawns (Penaeus monodon) and reef-
associated velvet prawns (Metapenaeopsis palmensis and Metapenaeopsis rosea).
Moreton Bay bugs (Thenus orientalis and Thenus indicus) are an important byproduct
of the fishery which can also be targeted, retained and marketed. Logbook data for the
period 1988 to 2003 indicate an average of about 4200 tonnes of tiger, endeavour,
banana and king prawns was caught annually by otter trawlers from the fishery from
an average of 42,600 boat-days.

Despite the fishery’s large spatial area, the large amount of fishing effort it attracts

and the high value of the catch ($50+ million annually) relatively little research has
been undertaken on the fishery’s bycatch. The impacts of turtle excluder devices
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(TEDs) and bycatch reduction devices (BRDs) on bycatch rates, which were made
mandatory in the period 2000 to 2002, have not been assessed. A monthly research
trawl survey was used to describe the benthic faunal community in the fishery
between 18°S and 20°S in 1985 and 1986 (Jones and Derbyshire, 1988; Watson and
Goeden, 1989; Watson et al., 1990). While these samples were not obtained from
commercial trawlers (i.e., they were obtained using the QDPI&F Research Vessel
Gwendoline May) the species composition is likely to be very similar to that of the
commercial fishery bycatch. Watson et al. (1990) recorded 477 species in the
demersal fauna which were broadly classified into three spatial community groupings
across the shelf: nearshore (2-5 m), shallow offshore (6—14 m) and deep offshore
(15-35 m). Shortly before TEDs and BRDs were made mandatory in the Queensland
trawl fishery, Robins et al. (2000) undertook an extension project aimed at
encouraging trawl fishers to trial the devices. During that project several different
TEDs and BRDs were loaned out to fishers on the Queensland east coast, Torres
Strait and the Northern Prawn Fishery in the Gulf of Carpentaria. Fishers participating
in the project provided feedback on their performance and one device that showed
potential for reducing bycatch while maintaining prawn catch rates was the radial
escape section BRD.

The objective of this chapter was similar to that of Chapter 5, that is, to quantify the
effects of the a) radial escape section BRD, b) TED and c) both devices used together
on the catch rates of bycatch and targeted prawns in the north Queensland
tiger/endeavour prawn fishery.

6.3 MATERIALS AND METHODS

The weighing and sub-sampling of the catches, experimental design and statistical
methods were similar to those described in Chapter 5. Where differences in the
methodology occurred they were described in the appropriate sections below.

6.3.1 Spatial distribution of sampling

The effects of the devices were evaluated using a dedicated research charter and to
this end, the QDPI&F Research Vessel Gwendoline May was chartered for eight
nights between 9 and 19 May 2002. To ensure the bycatch and prawn catch rates and
composition were representative of the fleet, all trawling was located in 30 minute x
30 minute logbook grids that receive relatively high levels of fishing effort in the
tiger/endeavour prawn fishery (grids H15 and H16 north of Cairns, grids G12 and
G13 Cape Flattery and grids D10, D11 and E11 Princess Charlotte Bay, see Figure
6.4.1). Each trawl was precisely two nautical miles long and conducted in a straight
path to ensure all nets swept the same size area. The location of the trawl sites and the
time required to travel between them facilitated six sites being trawled each night.

6.3.2 TED and BRD codend treatments

The vessel was rigged to tow four 4-fathom 4-seam Florida Flyer nets, which is
similar to, and representative of, many commercial trawlers operating in the fishery.
Four treatment codends (same as those in Chapter 5) were compared: (1) standard
codend only (considered as an experimental “control” net), (2) standard codend with
TED only, (3) standard codend with radial escape section BRD only, and (4) standard
codend with both TED and radial escape section BRD.
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The body of the nets was constructed of 2-inch, 24-ply polyethylene. The standard
codend was constructed of 132-inch mesh using 48-ply polyethylene and was 100
meshes round and 100 meshes long with a 25-mesh skirt. The TED was the same as
that used in Chapter 5, except that it was installed at 55 degrees from the horizontal
(see Figure 5.3.1E). The radial escape section BRD was the same as that used in
Chapter 5, except that the large 200 mm (8-inch) meshes through which the bycatch
escapes were sewn around the entire circumference of the radial escape section (see
Figure 5.3.1B and Figure 5.3.2). The ground chain was constructed of 8 mm
galvanised chain with seven 10 mm droppers and four 8 mm droppers.

Because the vessel towed four nets, all four codend types could be tested
simultaneously during each trawl, thus facilitating a “complete block™ experimental
design (Montgomery, 1997) which is more robust than the incomplete block design
used for triple gear in Chapter 5. At the completion of each night of sampling the
codends were cut off and sewn onto a different net, as per a predetermined treatment
protocol (Table 6.3.1) that was based on two Latin square designs (also known as a
back-to-back Latin square design), such that each codend type was tested in each net
position on two nights.

Table 6.3.1. The codend treatment protocols applied during the north Queensland
tiger/endeavour prawn charter, based on a back-to-back Latin square design. Each codend
type was tested in each net position on two nights.

Night Outer Port Inner Port Inner Starboard Outer Starboard
Radial escape Radial escape section
1 Standard codend section BRD TED only BRD and TED
Radial escape
section BRD and Radial escape section
2 TED only Standard codend TED BRD
Radial escape
Radial escape section BRD and
3 section BRD TED Standard codend TED only
Radial escape
section BRD and Radial escape
4 TED TED only section BRD Standard codend
Radial escape Radial escape section
5 TED only Standard codend section BRD BRD and TED
Radial escape
Radial escape section BRD and
6 Standard codend section BRD TED TED only
Radial escape
Radial escape section BRD and
7 section BRD TED TED only Standard codend
Radial escape
section BRD and Radial escape section
8 TED TED only Standard codend BRD

6.3.3 Measuring and sampling the catch

Methods for sorting and weighing catches, obtaining a representative sub-sample of
the bycatch, measuring the lengths of prawns and bycatch species, and converting all
catch estimates to catch (in weight) per swept area are identical to those in Chapter 5.
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All prawns were retained, labelled and frozen at sea, returned to the laboratory, sorted
to species and sex, and measured to the nearest whole mm carapace length (CL).
Prawn lengths were then converted to weights using species- and sex-specific
carapace—weight relationships. The effect of codend type on the weight of marketable
prawns was analysed. To estimate the area swept by each net a net spread factor for
quad gear of 0.70 was used, based upon the Prawn Trawl Performance Model of
Sterling (2000).

6.3.4 Statistical design and analyses

The same generalised linear modelling approach was used to examine variation in a)
catch rates (g ha™*) and b) length (mm) for both prawns and bycatch, as per Chapter 5.
The only difference was that the “side-of-boat” term was expanded to include four
levels of net position (i.e., inner port, outer port, inner starboard and outer starboard).

Multidimensional scaling was used to examine variation in the bycatch faunal
community structure, using the same methodology described in Chapter 5. The only
difference was that depths were rounded to the nearest 5 m (rather than 10 m), due to
the shallower and narrower range of depths sampled. Effects due to depth, latitude
and codend type on bycatch community structure were examined.

6.3.5 Bycatch species catch rates and power analysis

In addition to testing the effect of the codend type on bycatch species, outputs from
the generalised linear modelling were used to examine the statistical power required
to detect change in bycatch species catch rates, should a bycatch monitoring program
be implemented. The mean observed catch rate of individual bycatch species from the
standard net (i.e., with no TED and no BRD) and the mean square value (i.e.,
variance) derived from the generalised linear model output were used to estimate the
power required to detect change. Two possible monitoring program scenarios were
examined: one based on a sampling program of 30 trawl samples, and the other based
on 300 trawl samples. Two levels of change were also considered: a 40% reduction in
mean catch rate and an 80% reduction. A commonly used probability of 0.8 for power
analysis was used based on the discussion by Snedecor and Cochran (1967).

6.4 RESULTS
6.4.1 Catch rates and the effects of bycatch reduction devices

A total of 48 two-nautical mile trawls (Figure 6.4.1) were successfully completed
producing a total of 192 (8 nights x 6 trawls per night x 4 nets per trawl)
measurements of bycatch and prawn catch rates. Because all four codend types were
deployed during each trawl the charter produced 48 measurements of prawn and
bycatch catches for each codend type. Trawl speed was fixed at 3.2 knots. The depth
of the sites trawled ranged between 13.9 and 27.2 m.

A total of 17,521 prawns were caught. The most numerous species was the red
endeavour prawn Metapenaeus ensis which comprised 52.3% of the prawn catch,
followed by the grooved tiger prawn Penaeus semisulcatus (18.8%), then by the
brown tiger prawn Penaeus esculentus (13.2%), then by the red spot king prawn
Penaeus longistylus (10.1%), then by the blue-legged king prawn Penaeus
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latisulcatus (4.1%) and the blue tail endeavour prawn Metapenaeus endeavouri
(1.1%). Individual prawn weights were estimated using species- and sex-specific
carapace length-weight relationships. Only marketable size prawns were included in
the analyses, which equated to individuals that were 15 g or larger (i.e., the minimum
commercial size grade of “30 count per pound”). Species and sexes were then pooled
and their weights summed to derive a single estimate of the weight of marketable
prawns from each net for each trawl (i.e., 48 trawls x 4 nets = 192 measures of
marketable prawn catch).
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Figure 6.4.1. Location of the 48 two-nautical mile trawl transects sampled during the north
Queensland tiger/endeavour prawn charter in May 2002. The vessel towed four nets (i.e.,
quad gear) simultaneously resulting in 192 (i.e., 48 trawls x 4 nets) measurements of bycatch
and prawn catches. Location of the 30" x 30" logbook grids is also provided.

A total of 317 taxa were identified in the 192 bycatch sub-samples, with most species
being relatively uncommon. For example, 230 taxa (73% of species) occurred in
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fewer than 10% of the sub-samples and 95 taxa (30% of species) were found in only
one sub-sample. The 10 species with the highest mean catch rates, from all net types
pooled, were the red spot monocle bream Scolopsis taeniopterus (601.97 g ha™), the
crab Charybdis truncata (226.55 g ha*), the Japanese flathead Inegocia japonica
(150.75 g ha), the lizardfish Saurida grandisquamis (138.70 g ha™), the silver
toadfish Lagocephalus sceleratus (122.62 g ha™), the purple-spotted bigeye
Priacanthus tayenus (120.79 g ha), ochreband goatfish Upeneus sundaicus (107.67 g
ha™), the sunrise goatfish Upeneus sulphureus (96.98 g ha™*), the longspine emperor
Letlhrinus genivittatus (96.22 g ha™*) and the portunid crab Portunus tenuipes (95.62 g
ha™).

A complete list of 525 species that the project recorded from the bycatch of the north
Queensland tiger/endeavour prawn fishery, and their catch rates, is provided in
Appendix 2. The list includes the 317 taxa recorded from the research charter and
additional species recorded in opportunistic samples obtained from vessels operating
in the sector.

Overall mean catch rates from all net types were 4.08 kg ha™ (S.E. 0.34) for bycatch
and 0.77 kg ha™* (S.E. 0.03) for marketable size prawns. As a general observation, the
bycatch rate was low compared to that for the shallow water eastern king prawn
charter reported in Chapter 5 (i.e., 9.56 kg ha™ refer to section 5.4.1). A single
flatback turtle was caught in the codend that had no TED or radial escape section
BRD installed (Figure 6.4.2). The weight of the turtle was estimated at 65 kg and
included in the bycatch weight measures for subsequent analyses. The turtle was
returned to the water alive shortly after being caught.

Figure 6.4.2. The flatback turtle (Natator depressus) caught aboard the QDPI&F RV
Gwendoline May during the charter undertaken in the north Queensland tiger/endeavour
prawn fishery. The turtle was caught in the standard net (i.e., no TED or BRD installed). Note
the partitioning of the sorting tray which facilitated separate, and therefore more accurate,
processing and measuring of the catch from the four nets.
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The observed mean catch rates from the standard net were 4.85 kg ha™* (S.E. 0.82) for
total bycatch and 0.80 kg ha™ (S.E. 0.05) for marketable prawns (Table 6.4.1). The
codend with the TED-only significantly (P < 0.05) reduced the bycatch rate by 14%
(Ps parameter estimate of 0.86, Table 6.4.1). The 11% (B3 parameter estimate of 0.89,
Table 6.4.1) reduction in bycatch rate from the net with the radial escape section only
was not statistically significant. When both devices were used together the bycatch
rate was significantly reduced by 20% (5 parameter estimate of 0.80, P < 0.05, Table
6.4.1) compared to the standard net. None of the devices had a significant effect on
the catch rate of marketable prawns (Table 6.4.1).

Net position (i.e., inner port, outer port, inner starboard or outer starboard) was found
to have a significant effect (P < 0.05) on bycatch and marketable prawn catch rates
and was therefore included in the models. The net position effect was probably due to
the way the nets and otter boards were set up and tuned by the crew. The interaction
term “net position x codend type” was not significant for either bycatch or marketable
prawn catch rates and therefore the results presented herein, which are limited to
codend type main effects, are robust.

Table 6.4.1. The effects of the radial escape section BRD and TED on the catch rates of
bycatch and marketable size prawns based on 192 individual net tows (48 trawls x 4 nets).
Generalised linear modelling was used to quantify codend treatment effects. Significant
differences between treatments (P < 0.05) are bolded and identified by different alphabetic
characters (A, B, C or D). Parameter estimates were proportionally scaled so they can be
compared to a standard net parameter value of 1. Standard errors in parentheses.

Predicted change in catch rates based on
generalised linear model parameter estimates Distribution
(proportionally scaled to a Standard net type
parameter value of 1)

Mean observed
Response catch rate in kg

variable ha™ Standard . .
net Radl_al escape Ra_dlal escape
section BRD  section BRD and
TED only only TED together
Total
Bycatch 4.85(0.82) A 0.86 (0.06) B 0.89 (0.06) A 0.80 (0.05) B Gamma
Marketable Normal
prawns 0.80 (0.05) 0.98 (0.01) 0.96 (0.01) 0.90 (0.02) (square-root
transformed)

6.4.2 Effects of codend type on bycatch species

Because most species were relatively uncommon, resulting in a high incidence of zero
catch rates, it was not possible to determine the effect of the codend type on all
species. Analyses were therefore undertaken on 37 species that comprised 90% of the
weight of the bycatch in the standard net (Table 6.4.2). Of these, significant
reductions in catch rates were detected for eight species that were attributed to the
TED, the radial escape section BRD, or both devices used together. The largest
significant reduction was detected for the naked headed catfish Euristhmus nudiceps,
which was present in 50% of sub-samples. When the TED and radial escape section
BRD were used together, catfish catch rates fell by 36% (3 parameter estimate of
0.64, Table 6.4.2). Relatively large reductions were also detected for Whitley’s
toadfish Torquigener whitleyi (31% reduction, #3 parameter estimate of 0.69), the
freckled goatfish Upeneus tragula (29% reduction, f; parameter estimate of 0.71) and
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the mud scallop Amusium pleuronectes (26% reduction, f; parameter estimate of
0.74) in codends that contained both the TED and radial escape section BRD. A
relatively large and significant reduction of 34% was detected for the longspine
emperor Lethrinus genivittatus (#; parameter estimate of 0.66, Table 6.4.2) from the
codend with the radial escape section BRD only. No significant effects were detected
for the prawns (Metapenaeopsis palmensis, Trachypenaeus anchoralis and
Trachypenaeus granulosus) or crab (Portunus tenuipes), which is consistent with the
conclusions of Chapter 5, that is, that the radial escape section BRD appears to have
little effect on crustacean catch rates.

Surprisingly, of the 37 species analysed, significant increases in catch rates that were
attributed to the TED, the radial escape section BRD or both devices used together,
were detected for five species. For example, both ponyfishes Leiognthus sp. 2 and
Leiognathus splendens experienced significant increases in catch rate when TEDs
were present in the codends, compared to the standard net. The radial escape section
BRD by itself had no significant effect on ponyfish catch rates. Catch rates of the
short finned lizardfish Saurida micropectoralis increased by 73% (f; parameter
estimate of 1.73, Table 6.4.2) in the net that had both the radial escape section BRD
and TED, compared to the standard net. Catch rates of the dusky leatherjacket
Paramonacanthus otisensis and the flatfish Pseudorhombus diplospilus increased
significantly, by 57% and 31% respectively in the codend with the radial escape
section BRD. Such increases are difficult to explain and for some species may be an
anomaly attributed to small sample size. For example, the ponyfish L. splendens was
only present in 12% of the 192 sub-samples (i.e., 23 sub-samples) and it is quite
feasible that the results were influenced by one or more observations where a net
sampled a large patch or school.

The effect of the codend type on mean length of the bycatch species was highly
variable. Of the 37 species examined, 11 experienced a significant effect due to the
TED, the radial escape section BRD or both devices used together (Table 6.4.3). Six
species experienced a significant increase and five species experienced a significant
decrease. The results suggest that the devices affect species differently, and that for
some species, it is the larger individuals that escape via the devices, and for other
species it is the smaller individuals that are excluded.
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Table 6.4.2. Effects of codend type on the catch rates of the more commonly encountered bycatch species based on 192 measures (48 sites trawled x 4 nets).
Generalised linear modelling was used to quantify the effects. Significant differences between codends (P < 0.05) are bolded and identified by different
alphabetic characters (A, B, C or D). Distribution types used in the models were N = normal, G = gamma and B = binomial. For normal and gamma
distributed data, the parameter estimates have been proportionally scaled so they could be compared to a standard net parameter value of 1. All binomial data

are probabilities of capture. Standard errors in parentheses.

Predicted change in catch rates based on

Occurrence (%) Predicted generalised linear model

in 192 sub- Mean observed probability of Radial escape
samples catch rate occurrence in Radial escape section BRD Distribution
Species (48 trawls x 4 (g ha™) in the the standard section BRD and TED type
nets) standard net net TED only only together
Metapenaeopsis palmensis 98 40.14 (5.30) * 0.82(0.08) 0.86 (0.08) 0.93 (0.09) G
Scolopsis taeniopterus 97 706.20 (128.10) A * 1.06 (0.13) A 0.77 (0.09) B 0.90 (0.11) AB N(log)
Inegocia japonica 93 168.18 (24.36) A * 0.75(0.07)B  0.77 (0.08) B 0.96 (0.10) A G
Portunus tenuipes 91 97.22 (14.88) * 0.95(0.11) 1.08 (0.13) 1.02 (0.12) G
Apogon fasciatus 90 98.28 (22.80) * 1.12 (0.28) 1.00 (0.25) 1.23 (0.30) N(log)
Upeneus sundaicus 90 98.52 (17.58) AB * 1.23(0.18) A 1.22(0.17) AB 0.89(0.13) B G
Charybdis truncate 89 254.00 (76.10) * 0.89 (0.08) 0.98 (0.09) 0.85 (0.08) G
Apogon ellioti 87 21.76 (3.13) * 1.02 (0.34) 0.95(0.32) 0.70 (0.23) N(log)
Apogon poecilopterus 82 32.70 (5.58) * 0.76 (0.12) 0.94 (0.15) 0.87 (0.13) G
Saurida grandisquamis 82 147.91 (20.99) * 0.91 (0.11) 0.82 (0.10) 0.79 (0.10) G
Lagocephalus sceleratus 82 126.87 (43.04) A * 1.22(0.15)B 0.86 (0.10) A 0.92(0.11) A G
Callionymus grossi 81 56.59 (8.74) * 1.01 (0.10) 0.99 (0.10) 0.96 (0.10) G
Suggrundus macracanthus 80 26.33 (4.38) * 0.83 (0.16) 1.13(0.22) 0.98 (0.19) G
Priacanthus tayenus 77 151.52 (27.05) * 0.77 (0.19) 0.55 (0.14) 0.45 (0.11) N(log)
Trachypenaeus anchoralis 76 24.14 (4.35) * 1.09 (0.14) 1.08 (0.14) 0.91 (0.11) G
Paramonacanthus
otisensis 73 19.71 (4.33) A * 1.07 (0.22) AC 157(0.32)B 1.47 (0.30) C N(log)
Amusium pleuronectes 68 50.37 (7.97) A * 0.97 (0.10) A 0.85(0.09) AB 0.74 (0.08) B G
Upeneus sulphureus 60 102.52 (28.21) * 1.12 (0.12) 0.91 (0.10) 0.94 (0.11) G
Callionymus belcheri 59 12.66 (3.56) * 0.99 (0.29) 0.87 (0.26) 0.89 (0.26) N(log)
Trachypenaeus granulosus 54 13.99 (3.55) * 0.92 (0.31) 0.88 (0.30) 1.24 (0.42) N(log)
Apistus carinatus 53 24.66 (13.14) * 1.10(0.27) 0.89 (0.22) 1.18 (0.29) N(log)
Saurida micropectoralis 53 77.28 (16.92) A * 1.30 (0.29) AB 1.34 (0.29) AB 1.73(0.37) B G
Torquigener whitleyi 52 30.40 (8.35) A * 0.96 (0.12) A 1.06(0.14) A 0.69 (0.09) B G
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Occurrence (%)

Predicted

Predicted change in catch rates based on
generalised linear model

in 192 sub- Mean observed probability of Radial escape
samples catch rate occurrence in Radial escape section BRD Distribution
Species (48 trawls x 4 (g hayin the the standard section BRD and TED type
nets) standard net net TED only only together

Euristhmus nudiceps 50 52.10 (14.32) A * 0.97 (0.16) A 0.91(0.15) A 0.64 (0.10) B G
Pseudorhombus

diplospilus 35 38.80 (14.80) AB * 0.63(0.18) A 1.31(0.38)B 1.05 (0.30) B G
Leiognathus sp. 2 34 16.15 (7.29) A * 2.05(0.64)B 1.60(0.51)AB 2.17(0.68)B N(log)
Upeneus tragula 31 26.98 (9.18) AB * 1.24 (0.32) A 0.92(0.24) AB 0.71(0.19) B G
Pseudorhombus arsius 30 26.27 (6.44) * 0.99 (0.24) 0.91 (0.22) 1.25(0.31) G
Pseudorhombus spinosus 30 * 0.32 (0.05) 0.32 (0.05) 0.29 (0.05) 0.25 (0.05) B
Synodus hoshinonis 30 17.80 (4.89) * 0.99 (0.21) 1.16 (0.27) 0.93(0.22) G
Lethrinus genivittatus 28 97.19 (55.39) A * 0.81(0.13) AB  0.66 (0.10) B 0.75(0.12) B N(log)
Psettodes erumei 28 * 0.29 (0.05) 0.18 (0.04) 0.23 (0.05) 0.39 (0.05) B
Sillago maculate 26 11.91 (4.86) * 1.12 (0.17) 1.18 (0.20) 0.96 (0.15) N(log)
Siganus fuscescens 25 24.52 (16.77) * 0.94 (0.13) 0.95 (0.13) 0.89 (0.12) N(log)
Choerodon cephalotes 15 * 0.13 (0.03) 0.12 (0.03) 0.15 (0.03) 0.19 (0.03) B
Leiognathus splendens 12 24.63 (15.02) A * 1.18 (0.09) B 1.01 (0.08) A 1.09 (0.08) AB N(log)
Pentapodus paradiseus 8 * 0.09 (0.02) 0.04 (0.11) 0.09 (0.02) 0.10 (0.02) B
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Table 6.4.3. Effects of the TED and radial escape section BRD on the length of the more common bycatch species encountered in the research charter
undertaken in the north Queensland tiger/endeavour prawn fishery. Significant effects (P < 0.05) are bolded. Analyses were undertaken using normally
distributed length measures. Treatments with the same alphabetic character (A, B, C or D) were not significantly different. Standard errors in parentheses.

Predicted mean length (mm) based on generalised linear model
Radial escape section
BRD and TED

Occurrence (%) in

192 sub-samples Radial escape section

Species

(48 trawls x 4 nets)

Standard net

TED only

BRD only

together

Metapenaeopsis palmensis 98 14.00 (0.18) A 1411 (0.18) A 14.81 (0.18) B 13.93(0.18) A
Scolopsis taeniopterus 97 103.23 (1.12) A 101.16 (1.10) AB 98.34(1.21) B 99.89 (1.13) B
Inegocia japonica 93 123.03 (1.47) AB 120.74 (1.59) A 126.27 (1.58) B 120.80 (1.47) A
Portunus tenuipes 91 42.26 (0.28) A 41.48 (0.27) B 41.90 (0.28) AB 41.99 (0.28) AB
Apogon fasciatus 90 60.68 (0.98) 60.88 (1.00) 62.36 (1.05) 60.25 (0.96)
Upeneus sundaicus 90 107.60 (1.23) 109.54 (1.07) 109.28 (1.09) 107.63 (1.14)
Charybdis truncate 89 40.48 (0.38) 39.94 (0.38) 40.62 (0.39) 40.70 (0.39)
Apogon ellioti 87 58.32 (1.73) 60.55 (1.76) 62.53 (1.89) 59.38 (1.82)
Apogon poecilopterus 82 58.10 (1.34) 59.85 (1.53) 60.59 (1.42) 60.14 (1.41)
Saurida grandisquamis 82 180.56 (2.75) 181.78 (2.69) 179.98 (2.81) 180.42 (2.83)
Lagocephalus sceleratus 82 106.29 (1.13) 107.12 (1.09) 106.99 (1.22) 106.07 (1.18)
Callionymus grossi 81 115.28 (1.10) 117.42 (1.07) 116.13 (1.09) 116.60 (1.13)
Suggrundus macracanthus 80 103.73 (2.25) 98.56 (2.37) 100.12 (2.12) 100.98 (2.20)
Priacanthus tayenus 77 141.35 (2.55) 137.26 (2.44) 138.63 (2.78) 136.01 (2.94)
Trachypenaeus anchoralis 76 14.79 (0.25) A 15.38 (0.26) AB 15.63 (0.25) B 15.05 (0.26) AB
Paramonacanthus otisensis 73 67.48 (1.18) 67.55 (1.15) 65.22 (1.10) 65.52 (1.10)
Amusium pleuronectes 68 49.46 (0.45) 50.05 (0.45) 49.19 (0.48) 48.93 (0.47)
Upeneus sulphureus 60 87.09 (0.96) 87.10 (0.91) 87.80 (1.02) 87.62 (0.96)
Callionymus belcheri 59 82.34 (1.73) 79.83 (1.53) 82.69 (1.82) 81.71 (1.82)
Trachypenaeus granulosus 54 14.68 (0.36) 15.03 (0.37) 14.48 (0.39) 14.60 (0.33)
Apistus carinatus 53 67.75 (2.44) 67.42 (2.46) 65.50 (2.57) 65.86 (2.24)
Saurida micropectoralis 53 223.86 (10.16) 220.51 (8.18) 219.82 (8.49) 228.22 (7.76)
Torquigener whitleyi 52 78.36 (1.62) 80.84 (1.52) 79.49 (1.57) 76.99 (1.52)
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Predicted mean length (mm) based on generalised linear model

Occurrence (%) in Radial escape section

192 sub-samples Radial escape section BRD and TED
Species (48 trawls x 4 nets) Standard net TED only BRD only together
Euristhmus nudiceps 50 222.53 (5.09) 212.18 (4.98) 221.89 (5.21) 211.28 (5.20)
Pseudorhombus diplospilus 35 178.16 (6.83) AB 174.02 (7.39) B 187.31 (6.01) AB 194.77 (5.79) A
Leiognathus sp. 2 34 56.16 (2.05) A 63.31(1.51) B 62.67 (1.94) B 60.55 (1.58) AB
Upeneus tragula 31 92.33(1.81) AB 94.83 (2.05) A 91.39 (2.33) AB 88.23 (2.37) B
Pseudorhombus arsius 30 197.61 (4.85) 202.41 (6.89) 196.96 (5.78) 183.93 (5.32)
Pseudorhombus spinosus 30 172.52 (6.08) AB 189.75 (6.56) B 162.42 (6.09) A 171.75 (5.57) A
Synodus hoshinonis 30 124.26 (1.95) 120.98 (1.90) 124.30 (2.27) 125.41 (2.14)
Lethrinus genivittatus 28 108.86 (2.82) 104.92 (2.73) 106.71 (3.62) 108.18 (3.14)
Psettodes erumei 28 198.50 (13.90) 211.70 (20.60) 232.90 (17.20) 216.40 (11.50)
Sillago maculate 26 158.51 (4.85) 158.04 (4.92) 156.74 (5.18) 152.03 (5.26)
Siganus fuscescens 25 115.73 (3.20) A 108.09 (3.05) B 97.23 (4.52) B 102.92 (2.96) B
Choerodon cephalotes 15 120.49 (5.13) 117.23 (4.28) 115.60 (5.65) 107.81 (4.35)
Leiognathus splendens 12 68.83 (2.91) 66.48 (2.35) 65.71 (2.28) 68.84 (2.18)
Pentapodus paradiseus 8 116.21 (6.28) A 67.59 (12.11) B 117.26 (7.89) AB 109.09 (6.74) A
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6.4.3 Variation in bycatch community structure and the effects of the TED and
radial escape section BRD

Multidimensional scaling (MDS) was carried out using all 192 bycatch sub-samples
and the catch rates of 122 species that were present in 5% or more sub-samples. The
remaining species were not included due to high incidences of zero catch rates. The
resulting stress value was 0.24 for a two-dimensional ordination (Figure 6.4.3A-C).

Analysis of similarities (ANOSIM) indicated that, although the range of depths
sampled was relatively narrow (i.e., 13.9 to 27.2 m), there was a significant difference
in bycatch assemblages between depths (global R = 0.173, P < 0.001), with the largest
difference between the shallowest and deepest categories. Clustering of sites from the
same depth categories is apparent in Figure 6.4.3A. It is noteworthy that the global R-
statistic was much lower than that obtained for the similar depth analysis undertaken
for the shallow water eastern king prawn analysis (see section 5.4.2), probably
because of the relatively narrow depth range.

The pairwise test for the < 15 m and 26-30 m groups resulted in an R-statistic of
0.872 (P <0.001). Species that accounted for relatively high proportions of the
dissimilarity between these two depth categories included the naked headed catfish E.
nudiceps, which contributed 5.09% of dissimilarity, the ponyfish L. splendens
(4.89%) and the Australian halibut P. erumei (3.12%) which were all abundant in the
shallow water sites, and the purple-spotted bigeye P. tayenus (5.01%), the sunrise
goatfish U. sulphureus (4.00%) and the lizardfish S. micropectoralis (3.20%) which
were largely restricted to the deeper category (i.e., 26-30 m).

Bycatch assemblages were also strongly affected by latitude (global R-statistic =
0.540, P <0.001). This was not surprising given that the sample sites were distributed
over a relatively large latitudinal range; the most northern site was located at
13°14.106’ S and the southernmost site at 16°40.838” S (Figure 6.4.1). R-statistic
values for each pairwise test of latitudinal groups are provided in Table 6.4.4. The
largest differences were found between the 13.5 and 16.0 latitudinal groups (R-
statistic = 1.000), followed by the 15.5 and 13.5 groups (R-statistic = 0.814), then by
the 13.5 and 16.5 groups (R-statistic = 0.795) and the 15.5 and 14.0 groups (R-statistic
= 0.771). Clustering of samples, based on latitudinal groups, is apparent in Figure
6.4.3B. Species that contributed most to the dissimilarity between the northernmost
(13.5) and southernmost (16.5) latitudinal groups were the lizardfish S. grandisquamis
which contributed 5.23% to the dissimilarity, the red spot monocle bream S.
taeniopterus (4.34%), the sunrise goatfish U. sulphureus (4.23%), the crab C. truncata
(3.89%) and the Japanese flathead I. japonica (3.47%). The goatfish U. sulphureus
was completely absent from sites in the northern latitudinal group.

Given the marked influence of latitude on the bycatch community structure, a two-
way crossed analysis of similarities was undertaken to examine the effects of codend
type, with latitude as the first factor and codend type as the second. The latitudinal
effect was confirmed (global R-statistic = 0.513, P <0.001) but there was no effect of
codend type on bycatch assemblages (global R-statistic = —0.059, P = 1.0), nor was
there any evidence of clustering of samples from the MDS due to codend type (Figure
6.4.3C).
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Figure 6.4.3. Two-dimensional MDS of bycatch sub-samples from an experimental research
charter undertaken in the north Queensland tiger/endeavour prawn fishery. Catch rates were
square-root transformed. The analyses used all 192 sub-samples and 122 species. Note the

clustering of bycatch assemblages on (A) depth and (B) latitude, but not on (C) codend type.
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Table 6.4.4. R-statistic values and significance levels for differences in bycatch community
structure between latitudes. Latitudinal groups are rounded to the nearest half degree.

Latitudinal groups R-statistic Significance level
155,15 0.280 0.001
155,14 0.771 0.001
155,135 0.814 0.001
15.5,16.5 0.622 0.001
15,5, 16 0.367 0.026
15,14 0.589 0.001
15,135 0.509 0.001
15,16.5 0.567 0.001
15,16 0.395 0.002
14,13.5 -0.015 0.586
14,16.5 0.595 0.001
14,16 0.690 0.001
13.5,16.5 0.795 0.001
135,16 1.000 0.001
16.5, 16 0.144 0.096

6.4.4 Monitoring and the power to detect change in bycatch species catch rates

As expected, power analyses indicated that as the variance in individual species catch
rates increased, the power to detect change declined (Figure 6.4.4). For species whose
catch rates were best modelled using a gamma distribution (i.e., the majority of
species in Table 6.4.2), the variance required to detect a 40% decline in catch rates
with a probability of 0.8 or higher would have to be 0.4 or less for a program based on
30 trawl samples. A program based on 300 samples could confidently detect a 40%
decline for the entire range of variances considered (i.e., from 0.0 to 0.8). Detecting
the larger decline of 80% could be undertaken with absolute confidence (i.e.,
probability of 1.0) for the range of variances considered (hence, no graph is provided
for the 80% reduction scenario).

For those species whose catch rates were best suited to a binomial distribution, the
power to detect change increased with increasing probability of capture (Figure 6.4.4).
A monitoring program based on 30 trawl samples could detect a 40% decline with a
power of at least 0.8 if the probability of capture was 0.8 or higher, while a program
based on 300 samples could detect the same change with the same power at a
probability of capture of about 0.6 or higher. The probability of detecting an 80%
reduction was significantly higher. A monitoring program based on 30 samples could
detect an 80% decline with a power of 0.8 if the probability of capture was 0.5 or
higher, while a program based on 300 samples could detect the same decline at the
same power with a probability of capture as low as 0.3.
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Figure 6.4.4. The power to detect change in bycatch species catch rates in the north
Queensland tiger/endeavour prawn fishery for two possible monitoring programs; one based
on 30 trawl samples and the other based on 300. The upper graph refers to species’ catch rates
that conform to a gamma distribution, while the two lower graphs consider catch rate data that
are best described as binomial. Two levels of reduction are considered: 40% and 80%.
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6.5 DISCUSSION
6.5.1 Evaluating the performance of the TED and radial escape section BRD

The main finding from the charter and subsequent analyses was that when used
together, the TED and radial escape section BRD significantly reduced the bycatch
rate by 20% (f; parameter estimate of 0.80, Table 6.4.1) without incurring a
significant reduction in the catch rate of marketable size prawns. Marketable prawn
catch rates were reduced slightly by the TED and radial escape section BRD, but not
significantly (Table 6.4.1). The size of the bycatch reduction was similar to, but
slightly less than that obtained for the shallow water eastern king prawn charter,
where a 24% reduction was achieved using a TED and radial escape section BRD.

Although the results are encouraging, they were slightly disappointing given that the
large 200 mm (8-inch) escape meshes were sewn around the entire circumference of
the radial escape section, whereas they were restricted to the upper half of the
circumference during the shallow water eastern king prawn charter (see Figure 5.3.1).
Why then was the reduction in bycatch not as large as that achieved during the
shallow water eastern king prawn charter?

One explanation may be due to differences in the composition and length of the
bycatch fish species. The dominant bycatch fish species from the shallow water
eastern king prawn fishery charter were larger, and therefore possibly stronger
swimmers and more capable of escaping through the large escape meshes, than the
fish species that comprised the majority of the tiger/endeavour prawn fishery charter
bycatch. The incidence of small fish species was higher in the tiger/endeavour prawn
fishery charter bycatch. For example, of the fish species that comprised 90% of the
bycatch in the standard net, 23% had mean lengths of 70 mm or less, while only 13%
from the shallow water eastern king prawn bycatch had mean lengths of 70 mm or
less. Small fish species that contributed significantly to the tiger/endeavour prawn
fishery bycatch, such as cardinalfish (A. fasciatus, A. ellioti and A. poecilopterus),
ponyfish (L. sp. 2 and L. splendens) and leatherjackets (P. otisensis) were absent from
the shallow water eastern king prawn fishery bycatch, possibly because the depths
sampled were relatively shallow (i.e., 13.9-27.2 m) compared to the shallow water
eastern king prawn charter (i.e., 20.1-90.7 m). All of the fish species that experienced
a significant reduction in catch rate due to the radial escape section BRD, or the radial
escape section BRD and TED together, had mean standard net lengths larger than 70
mm, with most larger than 100 mm (i.e., S. taeniopterus, I. japonica, U. sandaicus, T.
whitleyi, E. nudiceps, U. tragula and L. genivittatus). Our results suggest that while
the radial escape section BRD could be used to significantly reduce bycatch rates in
the north Queensland tiger/endeavour prawn fishery, it appears to have little effect for
most small (i.e., < 70 mm) fish species, probably because they are incapable of
swimming to, and out of, the large escape meshes.

The largest significant reduction in catch rate for any one species was 36% (f#3
parameter estimate of 0.64, Table 6.4.2) for the naked headed catfish E. nudiceps,
which had a mean length of 222.53 mm from the standard net (Table 6.4.3) and was
the second largest of those species that contributed most to the bycatch. Interestingly,
catch rates of the other large fish species that contributed significantly to the bycatch,
including the lizardfishes (S. grandisquamis and S. micropectoralis) and the flatfishes
(P. diplospilus, P. spinosos and P. erumei) were not significantly reduced by the TED
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or radial escape section, possibly because of their poor swimming ability or
morphology.

Another explanation for the lower-than-expected reduction may be due to the speed of
the trawls. Mean trawl speeds were 2.3 knots and 3.2 knots for the shallow water
eastern king prawn and north Queensland tiger/endeavour prawn charters,
respectively. The higher speed, which is characteristic of trawling for tiger prawns,
would have created stronger currents in the nets which would have almost certainly
lowered the ability of small fish to swim forward and out of the large escape meshes.
The codends were also longer (i.e., 100 meshes long) than those used in the shallow
water eastern king prawn charter (i.e., 75 meshes long), so not only did the fish have
to swim against a stronger current, they also had to swim further to escape.

6.5.2 Variation in bycatch composition

The bycatch was characterised by a) a large number of fish and invertebrate species
(317 taxa), most of which were uncommon (73% occurred in fewer than 10% of sub-
samples), b) dominant species groups (by weight) were flatfish, nemipterids,
cardinalfish, lizardfish, catfish, dragonets, leatherjackets, toadfish, ponyfish, goatfish
and invertebrates including non-targeted penaeid prawns and portunid crabs, and c)
faunal community assemblages that varied significantly with latitude and to a lesser
degree depth (Figure 6.4.3A,B). Although the bycatch rate was significantly reduced
by using the TED and radial escape section BRD, the MDS analysis suggests that the
devices are unlikely to alter the general composition of the bycatch or result in distinct
“non-BRD” or “BRD” assemblages.

Watson et al. (1990) described the demersal trawl-caught fauna on the Queensland
coast between 18°30° S and 20° S, which is south of the region examined in the
present study. They sampled over a broader range of depths (17-56 m) and further
offshore to include inter-reefal areas. The dominant species groups were very similar
to those reported herein, and included the flatfishes, leatherjackets, goatfish and
nemipterids, as well as the penaeid and portunid crustaceans. Possibly the most
notable difference was the abundance of the sea urchin Maretia planulata, which they
reported as “discontinuously very numerous and sometimes dominated the trawl
catch”. This species was not recorded in the present study, possibly because it is
associated with reefal sites outside of the area sampled.

When compared to the shallow water eastern king prawn fishery charter, overall mean
bycatch rates were low (4.08 kg ha™ for tiger/endeavour compared to 9.56 kg ha™ for
shallow eastern king) while catch rates for marketable prawns were similar (0.80 kg
ha™* for tiger/endeavour compared to 0.94 kg ha™). Interestingly, the weight and
numbers of elasmobranchs were also low compared to the shallow water eastern king
prawn charter. For example, 409 elasmobranchs were caught during the shallow water
eastern king prawn charter while only eight were caught in the present charter (i.e., a
50-fold difference in catch rate), and yet the total area swept by the sampling gears
was similar (i.e. approximately 427 ha for the shallow water eastern king prawn
charter and 364 ha for the tiger/endeavour prawn charter). The relatively low bycatch
rates are particularly interesting given that the sites trawled were relatively shallow
(13.9 to 27.2 m) and from the relationship between depth and bycatch rates (Figure
5.4.2 in the previous chapter) relatively high bycatch rates in the order of 10715 kg ha’
! might have been expected. An overall mean of 4.08 kg ha™ is therefore low and
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possibly indicative of impacts from trawling. Alternatively, it may simply imply that
the demersal faunal productivity and standing biomass are higher in the shallow water
eastern king prawn fishery than in the north Queensland tiger/endeavour prawn
fishery.

6.5.3 Monitoring bycatch species catch rates

The study provided information on the mean catch rates and variance for 317 taxa in
the north Queensland tiger/endeavour prawn fishery bycatch that can be used to
design a bycatch monitoring program, should it be required. Power analyses (Figure
6.4.4) showed that the probability of detecting change in species catch rates declined
as a) the variance of the catch rates increased for gamma distributed species, and b) as
the probability of capture declined for binomially distributed species. In general, a 30-
sample monitoring program would require the variance to be less than about 0.4 to
detect a 40% reduction in catch rate. While this is achievable for many of the
commonly encountered bycatch species, it may not be applicable for the less
common, or rare species. The variance would not have to be this low if only large
changes (i.e., 80%) were to be monitored. For binomially distributed species,
probabilities of capture would have to be high, around 0.8, to detect a 40% reduction
based on a 30-sample program and a power of 0.8. Since only 13 species were present
in more 80% or more of the sub-samples (Table 6.4.3), only very few species could be
adequately modelled using this approach. Predictably, all of these results suggest that
a 300-sample monitoring program would more confidently detect both large and small
changes in bycatch species catch rates than a smaller 30-sample program, but at
significantly greater operational costs.
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7 Round scallops and square meshes: effects of bycatch reduction
devices in the Queensland (Australia) scallop trawl fishery

A. J. Courtney, M. J. Campbell, D. P. Roy, M. L. Tonks, K. E. Chilcott and P. M.
Kyne

7.1 ABSTRACT

This chapter presents results from an eight-day research charter that was designed to
quantify the effects of a turtle excluder device (TED) and a square mesh codend
bycatch reduction device (BRD) on bycatch and saucer scallop catch rates in the
Queensland scallop fishery. A total of 382 taxa were recorded from 236 bycatch sub-
samples. Approximately 64% of the weight of the bycatch was attributed to large
bycatch fauna, of which sponges (Porifera) comprised 92%. The remaining 8% of
large fauna were comprised of a relatively few large sharks and rays, croakers and
lutjanids. The dominant species groups that comprised the remaining 36% of the
bycatch were lethrinids, portunid crabs, scorpinids, nemipterids, lizardfish,
leatherjackets, flatfish, pufferfish, holothurians, bryozoans and sea urchins. When the
TED and square mesh codend BRD were both installed in the codend the total mean
bycatch rate (i.e., including large fauna) was reduced significantly by 77%, with no
significant effect on the mean catch rate of legal size (i.e., > 95 mm shell height)
scallops and 63% fewer undersize scallops, compared to a standard net with no TED
or BRD. Several bycatch species experienced extremely high reductions in mean
catch rate when both devices were installed, including Lethrinus genivittatus (96%
reduction), the red portunid crab Portunus rubromarginatus (88% reduction), the
dusky leatherjacket (86% reduction) and threadfin bream Nemipterus theodorei (85%
reduction), mainly due to the square mesh codend BRD. Multidimensional scaling and
analysis of similarities revealed that the bycatch assemblages differed significantly
between depth, latitude and codend treatment type. We recommend that square mesh
codends be used in the Queensland saucer scallop fishery as a means of reducing
bycatch and improving the size selectivity of the scallops.

7.2 INTRODUCTION

Concern over the amount of bycatch discarded from commercial fisheries, and
research into the problem, have increased globally over the last decade (Alverson et
al., 1994; Broadhurst, 2000; Hall et al., 2000; Hall and Mainprize, 2005). The
Queensland East Coast Trawl Fishery (QECTF) has the largest benthic trawl fleet in
Australia and as such the amount of bycatch produced annually is substantial. In the
late 1990s it was estimated to exceed 25,000 t annually (Robins and Courtney, 1998).
Bycatch and other impacts from the fishery are particularly contentious as about 70%
of the fishery’s catch and effort occur in the Great Barrier Reef Marine Park.

In 2004 the fishery consisted of approximately 500 licensed trawlers that were
allocated approximately 80,000 boat-nights of fishing effort. The fishery targets
penaeid prawns (Penaeus spp. and Metapenaeus spp.) and saucer scallops (Amusium
japonicum ballotti) but fishers can also retain incidental catches of several other
species (i.e., byproduct) including blue swimmer crabs (Portunus pelagicus), scyllarid
lobsters (Thenus spp. and Ibacus spp.), barking crayfish (Linuparus trigonus), squid,
cuttlefish, octopus, mantis shrimps and select species of finfish. Approximately
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10,000 t of seafood is marketed annually from the fishery valued between A$101 and
132 million (Kerrigan et al., 2004).

Between 1999 and 2002, in response to mounting pressure to reduce bycatch, the
Queensland Government passed a mandatory regulation that required fishers to install
both a turtle excluder device (TED) and a bycatch reduction device (BRD) in every
otter trawl net, with the exception of small try-gear nets. TEDs were introduced
specifically to reduce the incidental capture of turtles but have also been shown to
reduce bycatch of other large fauna, including sharks, rays and sponges (Brewer et al.,
1998). At the time of writing, the fishery’s Management Plan listed seven recognised
BRDs that fishers can choose from.

The saucer scallop (Amusium japonicum ballotti) fishery is a commercially important
sector within the QECTF. From 1989 to 1996 the average annual reported weight of
scallop meat was 962 t (O'Neill et al., 2005). Annual levels of scallop fishing effort
were relatively stable between 1990 and 2001, averaging about 13,583 boat-nights per
year, but have declined in recent years in response to management changes. While
there is no specific license requirement (i.e., all 490 operators can trawl for scallops),
management measures for the scallop fishery include a) the use of rotational spawning
stock closures, b) seasonally changing minimum legal sizes, and c¢) a minimum mesh
size of 75 mm, which fishers apply to conventional diamond mesh nets.

There is scant information on the amount and composition of bycatch in the scallop
fishery, although fishery-independent surveys (Dichmont et al., 2000; Barker et al.,
2004) indicate the bycatch weight exceeds that of the reported scallop meat weight by
several fold. Most scallop fisheries use benthic dredges and as such their bycatch is
dominated by epibenthic invertebrates (Currie and Parry, 1994; DuPaul et al., 1996;
Veale et al., 2001; Bremec and Lasta, 2002), but because the Queensland fishery uses
otter trawls the composition of the bycatch may be considered atypical. DuPaul et al.,
(1996) identified modifications to scallop dredge gear for reducing bycatch of finfish,
undersized scallops and damage to bycatch species, but these approaches are not
applicable to otter trawl gear.

One approach that may be suitable for reducing bycatch in the Queensland scallop
fishery is the square mesh codends. These are codends constructed largely of meshes
that are hung on the bar resulting in a matrix of squares that remain open, thus
allowing small bycatch species to escape (Eayrs et al., 1997). Conventional diamond
meshes close up when stretched or under load, greatly reducing escapement. Square
mesh codends have been shown to reduce bycatch in several fish- and crustacean-
trawl fisheries with minimal or no loss of the targeted catch (Suuronen and Millar,
1992; Thorsteinsson, 1992; Broadhurst et al., 1999; 2004). They can also improve the
selectivity of the target species by lowering the retention of undersized individuals.
Square mesh codends appear to have potential in the scallop fishery as a means of
reducing bycatch because a) much of the bycatch is comprised of relatively small
finfish and invertebrates that could escape through the square meshes and b) provided
the squares are smaller than the minimum legal size of the scallops, there should be
minimal loss of targeted catch. Another attractive feature of square mesh codends is
that, unlike most other BRDs that rely on bycatch being able to locate the escapement
hole and then swim through it, square mesh codends provide “multiple points of
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escapement”, which many species can either passively pass through, or even simply
fall through.

The objective of this chapter was to evaluate the square mesh codend as a BRD in the
Queensland scallop fishery. Because all trawlers in Queensland must now have a TED
as well as a BRD in every net, the study quantified the effects of the square mesh
codend with, and without a TED. Several hypotheses were tested in the study but the
central null hypothesis was that the square mesh codend had no significant effect on
the catch rate of bycatch or scallops, compared to the standard diamond-mesh nets
used by the fleet.

7.3 METHODS
7.3.1 Research charter design

The effects of the square mesh codend were evaluated during a purposely designed
eight-night research charter in October 2002 in the scallop fishery. To ensure the
bycatch composition and scallop catch rates were similar to those of the fleet, all trawl
sampling was conducted in areas that received medium to high levels of trawl fishing
effort for the months of October—December, based on logbook data from 1996 to
2001. The distribution of sample sites was stratified so that areas that received high
levels of effort received more sampling than medium-effort areas. The commercial
trawler Southern Intruder and her crew, who allocate a significant proportion of their
annual fishing effort in the scallop fishery, were hired to undertake the charter, in
conjunction with project research staff on board.

In the scallop fishery most vessels tow either three nets (i.e., one net on both the port
and starboard sides and a third net from the stern; referred to as triple gear) or four
nets (two nets towed on each of the port and starboard sides, referred to as quad gear)
(O'Neill et al., 2005). Quad gear was preferred for research purposes because it
facilitated comparison of more (i.e., four) codend types simultaneously at each site.
The four codend types were:

88 mm (3% inch) standard diamond mesh codend with no TED and no BRD

(referred to throughout as the *“standard codend”);

88 mm (3% inch) standard diamond mesh codend with TED;

100 mm (4 inch) square mesh codend BRD; and

100 mm (4 inch) square mesh codend BRD with TED.

The codends were sewn onto new six-fathom, two-seam Florida Flyer nets with
standard diamond mesh. This type of net is commonly used throughout the fishery
and new nets were deployed to minimise between-net variation that may have been
due to wearing, stretching or repairs.

The standard 88 mm mesh codend was 33 meshes long, 60 meshes round and
constructed from 6 mm braided polyethylene (Figure 7.3.1). The 100 mm square mesh
codend BRD was also constructed of 6 mm braided polyethylene, 36 bars round and
40 bars long. When hung on the bar it produced a matrix of open square meshes that
were 50 mm by 50 mm (Figure 7.3.2). A short section of diamond mesh, 60 meshes
round and 5 meshes long, constructed from the same material as that used in the
square mesh codend BRD, was sewn onto the forward end to attach lifting points for
the retrieval lines. Another short section of the 88 mm diamond mesh, 36 meshes
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round and 3 meshes long, was sewn onto the aft end so that the drawstring could be
attached. Four lengths of 12 mm polyethylene rope were selvedged along four sides of
the square mesh codend BRD to take the weight of the accumulated catch, thereby
reducing mesh distortion and knot slippage. The standard 88 mm mesh codend and
the 100 mm square mesh codend had the same total lengths. Rubber chafing mats
were attached to all codends. The TED used throughout the charter was a solid grid
constructed from 25 mm (1 inch) aluminium tubing, 800 mm wide, 1080 mm high,
with a bar space of 120 mm and sewn into a codend extension at 60° in top-shooter
mode (Figure 7.3.1). The deflector bars were bent by 30° approximately 150 mm (6
inches) from the top of the grid.

At each site the four nets were towed simultaneously along the bottom for precisely
two nautical miles (3704 m), measured using a global positioning system. The nets
were towed in a straight line so that each swept the same size area along the bottom.
Given the spatial distribution of the fishery, “steaming” time between sites, and the
time required to winch away, retrieve nets and process the catch, it was estimated that
seven to eight sites could be trawled each night (note the scallop fishery is fished at
night and daylight trawling is prohibited).

7.3.2 Sampling the catch

After each site was trawled all four nets were retrieved and their codends emptied
onto a partitioned sorting tray to keep their contents separated. The following
procedure was applied to the catch of each net. Large bycatch species (i.e., weighing
more than about 10 kg) and species of conservation interest that could not be retained
were identified, weighed, recorded and released. These species included turtles, large
sharks, rays, pufferfish and sponges and were collectively referred to as “large
bycatch fauna”. The scallop catch was weighed and recorded, and with the exception
of large catches (i.e., > 10 kg), all scallops were retained, labelled, frozen and later
processed in the laboratory. When large catches of scallops were obtained a sub-
sample of about 10 kg was retained, labelled, frozen and later processed in the
laboratory. Moreton Bay bugs (Thenus orientalis) are a valuable byproduct in the
scallop fishery and were removed from the catch, labelled, frozen and later processed
in the laboratory. (Note: Moreton Bay bugs are defined in the Management Plan as a
principal target species and can therefore be targeted, so strictly speaking, they are not
byproduct). The remaining bycatch was placed in plastic baskets, weighed to the
nearest 0.1 kg and recorded. A 10 kg (approximate) sub-sample of the bycatch was
then obtained by scooping it into a labelled cardboard carton, frozen on board and
later processed in the laboratory. If the bycatch was less than approximately 10 kg
then it was retained in its entirety.
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Figure 7.3.1. A — The square mesh codend was constructed using four identical pieces of 4-
inch (100 mm), 6 mm polyethylene mesh. Each piece of mesh was 18 bars wide and 20 bars
long and, sewn together, resulted in a single tube of mesh 36 bars round by 40 bars long. B -
Plan view of the square mesh codend BRD. A small length of diamond mesh was sewn on the
aft edge of the square mesh codend to facilitate the addition of drawstrings. Similarly, a
section of diamond mesh was added to the forward edge of the square mesh codend to allow
the codend to be sewn onto the nets used during the charter. C — Plan view of the TED. D -

Elevation of the TED.
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Figure 7.3.2. The square mesh codend BRD under construction. Note the large open squares
(50 mm x 50 mm). The 12 mm polyethylene rope was selvedged along the sides to take the
weight of the bycatch and prevent distortion of the mesh.

7.3.3 Inthe laboratory

In the laboratory the weight and shell height of every scallop were measured to the
nearest 0.1 g and 0.1 mm, respectively, and recorded. The scyllarid lobsters were
measured to the nearest 0.1 mm carapace width (CW). Each individual in the bycatch
sub-samples was identified to species level, counted and the total weight of each
species recorded. Length measures for the bycatch species (standard length or total
length for fish, carapace length or width for crustaceans, disc width or length for
elasmobranchs, total length for echinoderms and shell length for molluscs) were
obtained from a maximum of 20 individuals of each species from each sub-sample.
The precise total weight of each sub-sample was determined by summing the
individual species weights contained within it.

7.3.4 Calculating catch rates of scallops and bycatch species

Methods for estimating catch (in weight, kg or g) per swept area trawled (hectares,
ha) were similar to those described in Chapter 5, section 5.3.4. The area swept S by
net n during trawl t was estimated thus:

_HxFxD

™ 10,000

where H was the headline length of the net (6 fm net head rope length equates to
10.97 m), F was the net spread factor for quad gear (0.70) from Sterling (2005) and D
was the distance trawled (2 nautical miles = 3704 m). Division by 10,000 converts the
area from square metres to hectares.
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7.3.5 Statistical design and analyses

Statistical methods for determining effects due to a) trawl site, b) codend treatment
type, and c) net position were the same as those described in Chapter 5, section 5.3.5.

The codends were sampled in four net positions (port inner net, port outer net,

starboard inner net and starboard outer net) and to take account of any effects due to
net position, the net position of each codend type was recorded and considered in the
analyses. In order to subject each codend type to each net position, the codends were
cut off the nets after each night of sampling and sewn on in another net position. The

net position that each codend was allocated to was randomised, followed a pre-
determined protocol (Table 7.3.1) and designed so that each codend type was sampled
in each net position on two nights.

Table 7.3.1. The sampling protocol for codend type and net position applied during the
charter. The number of sites trawled each night is shown in brackets.

Net position
Night of
sampling Port inner net Port outer net Starboard inner net  Starboard outer net
Square mesh codend Square mesh codend
1(7) TED BRD with TED Standard codend BRD
Square mesh codend Square mesh codend
2(8) Standard codend BRD TED BRD with TED
Square mesh codend Square mesh codend
3 (6) BRD with TED TED BRD Standard codend
Square mesh codend Square mesh codend
4 (8) BRD Standard codend BRD with TED TED
Square mesh codend Square mesh codend
5(7) TED Standard codend BRD BRD with TED
Square mesh codend Square mesh codend
6 (9) Standard codend TED BRD with TED BRD
Square mesh codend  Square mesh codend
7(7) BRD BRD with TED TED Standard codend
Square mesh codend  Square mesh codend
8 (7) BRD with TED BRD Standard codend TED

Because all four codend types were sampled at each site simultaneously a complete
block design (Montgomery, 1997) was applied, with site as a blocking term.
Generalised linear modelling (GLM) using GenStat (2005) statistical software was
used to examine the variation in catch rates of bycatch (both total bycatch and

individual bycatch species) and scallops, and variation in the mean length of bycatch
species. Model distributions and link functions included a) normal distribution with
identity link, b) binomial distribution with logit link, ¢) Poisson distribution with
logarithm link, and d) gamma distribution with logarithm link functions. Three data
transformations were trialled when normal distributions were used: power, log and
square root. The best model goodness-of-fit was obtained by examining plots of the
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standardised residuals and if residuals were not normally distributed then the model
distribution type or transformation would be changed until normality was attained.
The models took the following general form:

U= [30 + ﬁl(Trawl S|te1_ n) + ,BZ(Net position 1_4) + [)’3 (Codend type1_4) +é&

where U was the predicted mean catch rate of bycatch weight, individual bycatch
species weight or scallop weight, or length of a bycatch species, n was the number of
sites trawled, g, and S, were scalar parameters that were estimated, and £; and f; were
vector parameters that were estimated and & was the error term. Only estimates of f;
are presented as this parameter quantifies the effects of the different codend types. For
purposes of interpretation, the #; parameter estimates were proportionally scaled so
that they could be compared against a standard codend parameter value of 1.0.

Multidimensional scaling (MDS) was used to examine variation in the bycatch
community structure due to latitude, depth and codend type. The statistical software
package PRIMER (Plymouth Routines in Multivariate Ecological Research) by
Clarke and Warrick (1994), was used to undertake the analyses, following the same
procedures as described in Chapter 5, section 5.3.5. To reduce the number of factor
levels, depths were rounded to the nearest 10 m and latitude to the nearest 0.5 degree.
Again, MDS was carried out on species that were present in at least 5% of samples to
avoid the species-sample matrix table from being dominated by zeros.

7.4 RESULTS

A total of 59 sites were trawled (Figure 7.4.1) over the eight nights resulting in 236
(i.e., 59 sites x 4 nets) measurements and sub-samples of bycatch and scallops. The
number of sites sampled each night is provided in Table 7.3.1. The average speed and
duration of each trawl were 2.3 knots and 53 minutes, respectively. The total weight
of bycatch (i.e., including large bycatch fauna) and scallops (including all size classes)
were 6212.4 kg and 1333.1 kg respectively, with 382 taxa identified in the bycatch.
Approximately 64% of the bycatch weight was attributed to large bycatch fauna, of
which large sponges (Porifera) comprised 92%. The remaining 8% was attributed to a
small number of relatively large sharks, rays, croakers, lutjanids and pufferfish and
included the eastern shovelnose ray (Aptychotrema rostrata), leopard whipray
(Himantura undulata), blue-spotted stingray, (Dasyatis kuhlii), whitespotted
wedgefish (Rhynchobatus australiae) and starry pufferfish (Arothron stellatus).

The remaining 36% of the bycatch was comprised of small species of fish and
invertebrates, calcareous rubble and seagrass. Of these, eight species accounted for
50% of the weight: the longspine emperor (Lethrinus genivittatus 12%), red portunid
crab (Portunus rubromarginatus 7%), undersized blue swimmer crabs (Portunus
pelagicus 7%), the Caledonian stinger (Inimicus caledonicus 6%), threadfin bream
(Nemipterus theodorei 5%), the lizardfish (Saurida grandisquamis 5%), the many-
striped pufferfish (Anchisomus multistriatus 4%) and the sponge (Callyspongia sp.
4%). Forty-nine taxa accounted for 90% of the weight. A complete list of 488 taxa
that the project recorded from the scallop fishery bycatch, and their catch rates, is
provided in Appendix 3. It includes the 382 species recorded from the scallop
research charter and additional species that were recorded in opportunistic samples
obtained from commercial vessels operating in the scallop fishery.
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Figure 7.4.1. Location of the 59 sites trawled during the charter in the Queensland scallop
fishing grounds. At each location four nets were towed, each with a different type of codend,
resulting in 236 measurements of bycatch and scallop catch rates.
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7.4.1 Effects of codend type on bycatch and scallops

The effects of codend type on bycatch catch rates were modelled using two response
variables. The first was total bycatch weight and included the large bycatch fauna.
The second was bycatch weight excluding large bycatch fauna; this was undertaken to
examine the effects with large sponges removed. The observed mean catch rate for
total bycatch from the standard net was 15.89 kg ha™*. The TED by itself reduced the
catch rate of total bycatch by 47% (f; parameter estimate of 0.53, Table 7.4.1)
compared to the standard codend. The square mesh codend by itself reduced the total
bycatch catch rate by 40% (f; parameter estimate of 0.60, Table 7.4.1). When both
devices were used together they reduced total bycatch catch rate by 77% (3
parameter estimate of 0.23, Table 7.4.1). All reductions were significantly (P < 0.05)
less than that of the standard codend.

Table 7.4.1. Effects of codend type on the catch rates of bycatch and scallops based on 236
measures of bycatch and scallop catches (59 sites trawled x 4 nets). Generalised linear
modelling was used to quantify the effects. Significant differences between codends (P <
0.05) are bolded and identified by different alphabetic characters (A, B, C or D). Parameter
estimates were proportionally scaled so they can be compared to a standard net parameter
value of 1. Standard errors in parentheses.

Predicted change in catch rates based on generalised

Mean observed linear model parameter estimates (proportionally
Catch catch rate (kg scaled to a Standard net parameter value of 1) Distribution
component ha™) Standard Square mesh Square mesh type
net codend TED only codend BRD  codend BRD and
only TED together
Total Bycatch 15.89 (2.48) A 0.53(0.07) B 0.60 (0.08) B 0.23(0.03) C Gamma
Bycatch
excluding 4.59 (0.48) A 1.11 (0.11) A 0.44 (0.04) B 0.46 (0.05) B Gamma
large fauna
Legal sized Normal (log
scallops 1.03(0.19) A 0.97 (0.09) A 112 (0.11) A 1.03 (0.10) A transformed)
Undersized Normal
Scallops 0.53(0.09) A 0.95 (0.02) AB 0.85(0.02) B 0.68 (0.02) C (square-root
transformed)

The observed mean catch rate from the standard net for the bycatch, excluding the
large fauna, was 4.59 kg ha™* (Table 7.4.1). The TED by itself had no significant
effect on the bycatch excluding large fauna, but catch rates fell significantly in nets
with the square mesh codends. A 56% reduction was obtained in the net with the
square mesh codend by itself (83 parameter estimate of 0.44, Table 7.4.1) and the
codend with both the TED and square mesh codend produced a 54% reduction (f3
parameter estimate of 0.46, Table 7.4.1). The results suggest that the TED is effective
at reducing large species and that the square mesh codend is effective at reducing
smaller species, and when used together the devices effectively excluded the majority
of the bycatch.
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None of the codend types had a significant effect on the legal size (> 95 mm shell
height) scallop catch rates (Table 7.4.1). However, catch rates of undersized scallops
fell significantly in nets with the square mesh codend. The TED by itself had no
significant effect on undersize scallop catch rates (#; parameter estimate of 0.95,
Table 7.4.1). The square mesh codend by itself reduced catch rates by 15% (f5
parameter estimate of 0.85, Table 7.4.1) and when the TED and square mesh codend
were used together they produced a 32% reduction (f; parameter estimate of 0.68,
Table 7.4.1) compared to the standard net. Because many of the undersized scallops
were small (i.e., 40-80 mm shell height, Figure 7.4.2), relatively small reductions in
catch weight can equate to large reductions in number. When the number of scallops
caught in the nets was examined there were 63% fewer undersized scallops in the net
with the TED and square mesh codend compared to the standard codend (Figure 7.4.2
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Figure 7.4.2. Size-frequency distribution scallops from the standard codend and from the net
with the TED and square mesh codend.

7.4.2 Effects of codend type on Moreton Bay bugs

Because there were relatively few lobsters caught in each net at each site, the data
were analysed using numbers rather than catch weight, and consequently a Poisson
distribution, which is more appropriate for count data, was applied in the GLM. Two
analyses were undertaken; one for legal sized (> 75 mm CW) lobsters and one for
undersized. The mean observed catch rate of legal sized lobsters in the standard
codend was 2.93 ha™* (Table 7.4.2). When the TED and square mesh codend were
used together the catch rate was reduced by 28% (f#; parameter estimate of 0.72, Table
7.4.2). The TED by itself reduced the catch rate by 21% (f5 parameter estimate of
0.79, Table 7.4.2) and the square mesh codend by itself reduced the catch rate by 20%
(p; parameter estimate of 0.80, Table 7.4.2). Catch rates from all three codend types
were significantly (P < 0.05) lower than that of the standard codend.

The observed mean catch rate of undersized lobsters from the standard codend was
1.02 ha* (Table 7.4.2). While the TED reduced the catch rate of undersized lobsters
by 18% (f#; parameter estimate of 0.82, Table 7.4.2), much larger reductions were
achieved with the square mesh codends. For example, the square mesh codend by
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itself reduced the catch rate by 74% (f; parameter estimate of 0.26, Table 7.4.2) and
the TED and square mesh codend together reduced the catch rate by 76% (83
parameter estimate of 0.24, Table 7.4.2).

Table 7.4.2. Effects of codend type on the catch rates of Scyllarid lobster (T. orientalis)
byproduct based on 236 measures (59 sites trawled x 4 nets). Generalised linear modelling
was used to quantify the effects. Significant differences between codends (P < 0.05) are
bolded and identified by different alphabetic characters (A, B, C or D). Parameter estimates
were proportionally scaled so they could be compared to a standard net parameter value of 1.
Standard errors in parentheses.

Predicted change in catch rates based on

Mean observed generalised linear model parameter estimates
Catch catch rate (proportionally scaled to a Standard net Distribution
Component (number caught parameter value of 1) type
ha™) Standard Square mesh Square mesh
Net codend TED only codend BRD codend and
only TED together

Legal size
lobsters (>= 75 2.93(0.22) A 0.79(0.09)B  0.80(0.09) B 0.72 (0.08) B Poisson
mm CW)
Undersized

lobsters (< 75 1.02 (0.16) A 0.82(0.200B  0.26 (0.08) C 0.24 (0.08) C Poisson
mm CW)

7.4.3 Effects of codend type on bycatch species

Because most species were relatively uncommon (i.e., 90% of species were present in
fewer than 14% of the 236 samples), resulting in high zero counts, it was not possible
to quantify the effects for the majority of species. Analyses were undertaken on 49
taxonomic groups or species that comprised 90% of the weight of the bycatch
(excluding sponges but including other large fauna such as sharks and rays) in the
standard codend (Table 7.4.3). Statistically significant reductions were detected for 26
species (53%) due to the TED, square mesh codend or both. The largest reduction was
96% for the longspine emperor (L. genivittatus, #3 parameter estimate of 0.04, Table
7.4.3) which was largely due to the square mesh codend. Catch rates of the red
portunid crab (P. rubromarginatus) were reduced by 88% in nets with the TED and
square mesh codend (f5; parameter estimate of 0.12, Table 7.4.3). Other species with
large reductions due to the square mesh codend included the threadfin bream (N.
theodorei), dusky leatherjacket (P. otisensis), the Caledonian stinger (1. caledonicus),
the toadfish (T. pallimaculatus) and the paradise whiptail (P. paradiseus). The
probability of capturing the eastern shovelnose ray A. rostrata, which was the largest
of the bycatch species analysed and the most commonly encountered elasmobranch,
was significantly reduced in nets with the TED installed compared to the net with the
square mesh codend BRD only (Table 7.4.3). No significant reductions were detected
for the other two elasmobranchs, D. kuhli and D. leylandi, probably because of their
small size compared to A. rostrata which prevents them from being excluded by the
TED.
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Table 7.4.3. Effects of codend type on the catch rates of the commonly encountered bycatch species based on 236 measures (59 sites trawled x 4 nets).
Generalised linear modelling was used to quantify the effects. Significant differences between codends (P < 0.05) are bolded and identified by different
alphabetic characters (A, B, C or D). Parameter estimates for the normally distributed log transformed data [N(log)] were proportionally scaled so they could
be compared to a standard net parameter value of 1. Values for the binomial data (B) are probabilities of capture. Standard errors in parentheses.

Predicted probability Predicted change in catch rates

Occurrence Mean observed catch rate

of capture in

Square mesh

in 236 (g ha™) in Standard net Standard net Square mesh  codend BRD Distribution

Species samples codend codend TED codend BRD with TED type
Portunus rubromarginatus 167 308.31 (50.66) A - 1.09 (0.23) A 0.21(0.04)B 0.12(0.02)B N(log)
Portunus pelagicus 163 280.68 (51.36) - 1.27 (0.24) 1.31(0.25) 1.39 (0.27) N(log)
Chaetodermis penicilligrus 106 81.15 (20.89) - 1.39 (0.35) 1.08 (0.27) 1.02 (0.26) N(log)
Inimicus caledonicus 104 261.82 (71.00) A - 0.91 (0.23) A 0.22(0.05)B  0.40(0.10)C N(log)
Nemipterus theodorei 103 221.51 (48.73) A - 1.24(0.31) A 0.10(0.02) B 0.15(0.04)B N(log)
Paramonacanthus otisensis 100 56.99 (11.46) A - 0.77 (0.17) A 0.17(0.04)B  0.14(0.03)B N(log)
Lethrinus genevittatus 98 531.42 (94.90) A - 0.83(0.27) A 0.04 (0.01)B  0.04(0.01)B N(log)
Pentaceraster sp. 96 105.68 (20.18) A - 0.57(0.12) B 0.97 (0.20) A 0.94 (0.20) A N(log)
Halophila spinulosa 74 71.09 (25.27) A - 0.84 (0.21) A 0.44 (0.11)B  0.44(0.11) B N(log)
Pseudorhombus spinosus 74 27.25(6.12) A - 1.04 (0.16) A 0.67 (0.10) B 0.88 (0.13) AB N(log)
Callyspongia sp. 70 158.34 (45.45) - 1.00 (0.18) 1.00 (0.18) 1.14 (0.20) N(log)
Siganus fuscescens 64 58.13 (16.34) A - 1.19 (0.22) A 0.36 (0.07) B 0.44 (0.08) B N(log)
Paramonacanthus lowei 62 - 0.46 (0.03) A 0.47 (0.03) A 0.07(0.02) B  0.05(0.02) B B
Aptychotrema rostrata 62 - 0.27 (0.04) AB 0.21 (0.03) B 0.36 (0.03) A 0.19(0.03) B B
Saurida grandisquamis 61 201.39 (51.09) A - 0.85(0.18) A 0.19(0.04)B  0.20(0.04)B N(log)
Annachlamys flabellate 54 27.32 (10.45) A - 0.87 (0.12) A 0.50(0.07) B  0.61(0.08) B N(log)
Stichopus sp. 53 55.42 (27.10) AB - 1.16 (0.23) A 0.98(0.19) AB 0.77(0.15) B N(log)
Pseudorhombus dupliciocellatus 52 27.45 (8.30) A - 0.99 (0.18) A 0.66 (0.12) B 0.65(0.12) B N(log)
Grammatobothus polyophthalmus 48 17.44 (6.87) AB - 1.50 (0.27) A 0.89(0.16) BC 0.64(0.12)C N(log)
Torquigener pallimaculatus 48 - 0.37 (0.03) A 0.38 (0.03) A 0.02(0.03) B  0.03(0.02)B B
Pseudomonacanthus peroni 47 - 0.25 (0.04) 0.24 (0.04) 0.15 (0.04) 0.15 (0.04) B
Polycarpa sp. 46 94.17 (40.78) - 1.07 (0.24) 0.79 (0.18) 0.84 (0.19) N(log)
Sea urchin 3 46 70.99 (26.54) - 0.85 (0.15) 1.05(0.19) 0.88 (0.15) N(log)
Holothuria ocellate 41 47.10 (16.93) - 0.82 (0.15) 0.91 (0.16) 0.72 (0.13) N(log)
Unidentified Bryozoan 41 55.84 (34.14) - 0.75 (0.20) 1.19(0.31) 0.88 (0.23) N(log)
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Occurrence Mean observed catch rate

Predicted probability

of capture in

Predicted change in catch rates

Square mesh

in 236 (g ha™) in Standard net Standard net Square mesh  codend BRD Distribution
Species samples codend codend TED codend BRD with TED type
Choerodon cephalotes 39 - 0.25(0.03) A 0.25(0.03) A 0.10(0.02) B 0.05(0.02) B B
Dysidea sp. 37 21.65 (8.73) - 0.90 (0.16) 1.14 (0.20) 0.95 (0.16) N(log)
Peronella sp. 36 24.18 (12.70) - 0.91 (0.19) 0.94 (0.19) 1.30 (0.26) N(log)
Charybdis natator 33 18.23 (10.50) - 1.49 (0.49) 1.50 (0.49) 1.16 (0.38) N(log)
Lobophora sp. 33 34.73 (14.05) A - 0.77 (0.16) AC  0.49(0.10)B  0.55(0.11) BC N(log)
Dasyatis kuhlii 33 - 0.15 (0.03) 0.15 (0.03) 0.13(0.03) 0.12 (0.03) B
Actinopyga miliaris 32 89.65 (33.31) - 0.89 (0.11) 0.89 (0.11) 0.88 (0.11) N(log)
Pentapodus paradiseus 32 - 0.25(0.03) A 0.22 (0.03) A 0.03(0.02)B  0.03(0.02)B B
Trachinocephalus myops 31 19.43 (5.71) A - 1.14 (0.13) A 0.62 (0.07) B 0.62 (0.07) B N(log)
Rhynchostracion nasus 29 - 0.15 (0.03) 0.11 (0.03) 0.15 (0.03) 0.09 (0.03) B
Dasyatis leylandi 28 - 0.15 (0.04) 0.11 (0.03) 0.09 (0.04) 0.13 (0.04) B
Abalistes stellaris 25 14.05 (5.85) - 0.94 (0.16) 0.80 (0.13) 0.80 (0.13) N(log)
Bohadschia marmorata 23 - 0.14 (0.03) A 0.07 (0.03) AB  0.05(0.02) B  0.14 (0.03) A B
Sargassum racamosa 23 - 0.12 (0.03) 0.13(0.03) 0.07 (0.02) 0.07 (0.02) B
Anchisomus multistriatus 21 - 0.17 (0.03) A 0.03(0.02) B 0.10(0.03) AB 0.05(0.02) B B
Gymnocranius audleyi 19 20.65 (9.40) AB - 1.10 (0.13) A 0.83(0.10)B  0.80(0.10) B N(log)
Upeneus luzonius 19 37.12 (16.92) A - 0.85(0.10) A 0.65(0.08) B  0.62(0.07)B N(log)
Tragulichthys jaculiferus 13 - 0.08 (0.03) 0.07 (0.02) 0.05 (0.02) 0.02 (0.01) B
Diagramma pictum 12 - 0.07 (0.02) AB 0.08 (0.02) A 0.03(0.02) AB 0.02(0.01)B B
Charybdis feriatus 11 - 0.05 (0.02) 0.05 (0.02) 0.02 (0.02) 0.07 (0.02) B
Nephthea sp. 2 11 - 0.07 (0.01) 0.05 (0.01) 0.03 (0.01) 0.03 (0.061) B
2x 10
Holothuria fuscogliva 7 - 0.03 (0.02) 0.07 (0.02) 0.02 (0.02) (0.0001) B
Holothurian sp. 6 - 0.03 (0.01) 0.02 (0.00004) 0.03 (0.01) 0.02 (0.00004) B
Scolopsis monogramma 6 19.75 (14.01) - 0.94 (0.08) 0.87 (0.07) 0.94 (0.08) N(log)
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Obtaining meaningful length measurements for some species groups (i.e., seagrass H.
spinulosa, algae S. racamosa and Lobophora sp., Bryozoans) was problematic and as
a result the effects on length were limited to 41 taxa (Table 7.4.4). Significant
differences between codend types were detected for 15 species. For the majority of
those species where a significant effect was detected, the mean length was found to
increase in nets with a square mesh codend, suggesting that some smaller individuals
escaped through the square meshes. The largest increase was for the starry triggerfish
(A. stellaris) which increased from a mean of 92.7 mm SL in the standard net to 187.5
mm SL in the net with both the TED and square mesh codend (Table 7.4.4).

The effect of the TED by itself was less marked and affected the size of five species.
Significant increases were detected for the red portunid crab (P. rubromarginatus),
the tassle filefish (C. penicilligrus) and the fan scallop (A. flabellate), while
significant decreases were detected for the threadfin bream (N. theodorei) and
longspine emperor (L. genevittatus).
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Table 7.4.4. Predicted mean length (in mm) of bycatch species from the four codend types based on 236 measures (59 sites trawled x 4 nets). Generalised
linear modelling was used to estimate the means using a normal distribution with identity link function. Significant differences between codends (P < 0.05)
are bolded and identified by different alphabetic characters (A, B, C or D). Standard errors in parentheses.

Species Occurrence in 236 Predicted mean length
samples Standard net codend TED only Square mesh codend Square mesh codend and
BRD only TED together
Portunus rubromarginatus 167 52.01 (0.28) A 53.03 (0.28) B 54.10 (0.51) B 53.44 (0.64) B
Portunus pelagicus 163 132.89 (1.39) 133.95 (1.29) 136.08 (1.21) 136.10 (1.32)
Chaetodermis penicilligrus 106 117.18 (4.50) A 136.08 (4.03) B 144,53 (5.18) B 157.46 (4.78) C
Inimicus caledonicus 104 127.76 (2.13) A 127.63 (2.14) A 144.84 (5.44) B 143.90 (3.96) B
Nemipterus theodorei 103 157.47 (1.31) A 152.07 (1.00) B 156.03 (5.08) AB 162.59 (2.74) A
Paramonacanthus otisensis 100 89.61 (0.94) 87.22 (1.09) 86.39 (3.18) 88.10 (3.86)
Lethrinus genevittatus 98 136.10 (1.50) A 129.57 (1.61) B 124.80 (5.54) B 156.35 (5.81) C
Pentaceraster sp. 96 144.37 (4.48) 143.55 (4.84) 154.92 (3.49) 154.02 (3.40)
Pseudorhombus spinosus 74 198.72 (4.59) 192.24 (4.11) 197.85 (6.86) 206.79 (5.90)
Siganus fuscescens 64 122.12 (2.14) A 117.69 (2.04) A 113.93 (8.05) A 140.39 (6.42) B
Paramonacanthus lowei 62 103.01 (1.88) AB 100.82 (1.51) A 127.11(9.54) B 103.95 (7.61) AB
Aptychotrema rostrata 63 554.50 (23.80) 539.20 (35.10) 583.10 (20.90) 576.30 (31.50)
Saurida grandisquamis 61 306.37 (7.78) 294.33 (6.95) * 284.91 (56.61)
Annachlamys flabellata 54 54.42 (0.57) A 57.08 (0.64) B 55.96 (0.92) AB 56.85 (0.84) B
Stichopus sp. 53 250.20 (30.20) 217.80 (26.70) 238.60 (34.10) 247.90 (41.80)
Pseudorhombus dupliciocellatus 52 191.35 (7.08) 190.81 (6.19) 209.14 (13.15) 193.50 (15.64)
Grammatobothus polyophthalmus 48 171.79 (4.96) 160.14 (3.22) 167.65 (6.94) 177.34 (11.72)
Torquigener pallimaculatus 48 93.61 (2.85) A 90.42 (2.05) A 52.47 (17.55) B 93.61 (2.85) A
Pseudomonacanthus peroni 47 196.37 (7.39) 206.10 (8.45) 212.87 (12.48) 208.34 (10.59)
Sea urchin 3 46 68.44 (2.62) A 60.99 (2.94) A 77.30 (3.77) B 66.77 (3.57) AB
Holothuria ocellata 41 175.41 (6.17) AB 162.67 (10.12) A 192.04 (8.40) B 155.96 (11.31) A
Choerodon cephalotes 39 156.58 (7.04) 166.78 (7.78) 171.65 (15.50) 193.87 (25.31)
Peronella sp. 36 122.39 (5.61) 114.40 (6.85) 131.23 (7.63) 120.56 (3.45)
Charybdis natator 33 91.22 (12.45) 86.80 (8.59) 86.43 (7.08) 113.25(13.86)
Dasyatis kuhlii 33 278.10 (17.30) 286.10 (14.70) 273.00 (15.50) 270.00 (20.10)
Actinopyga miliaris 32 185.69 (8.38) A 195.88 (7.88) A 155.60 (8.41) B 192.13 (7.17) A
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Species Occurrence in 236 Predicted mean length
samples Standard net codend TED only Square mesh codend Square mesh codend and
BRD only TED together
Pentapodus paradiseus 32 156.57 (3.79) 157.75 (5.40) 144.57 (12.95) 124.74 (17.59)
Trachinocephalus myops 31 172.44 (7.84) 189.24 (5.25) * *
Rhynchostracion nasus 29 130.70 (13.00) A 128.50 (14.40) A 211.20 (12.20) B 155.70 (32.70) AB
Dasyatis leylandi 28 192.50 (26.30) * 172.70 (53.50) 169.40 (62.40)
Abalistes stellaris 25 92.70 (21.00) AC 117.10 (12.90) AB 141.60 (25.30) BD 187.50 (30.20) CD
Bohadschia marmorata 23 180.10 (15.40) 157.30 (37.80) 180.10 (35.20) 197.60 (14.20)
Anchisomus multistriatus 21 312.29 (6.32) 332.29 (20.16) 342.29 (9.07) 312.29 (6.32)
Gymnocranius audleyi 19 118.92 (3.65) A 118.92 (3.65) AB 101.02 (34.77) A 180.84 (13.35) B
Upeneus luzonius 19 145.44 (3.54) 142.98 (4.42) 139.78 (12.65) 130.00 (18.30)
Tragulichthys jaculiferus 13 127.50 (53.70) 170.00 (58.60) 155.00 (62.10) 127.50 (53.70)
Diagramma pictum 12 180.30 (24.60) 182.40 (21.30) 180.30 (24.60) 241.50 (62.20)
Charyhbdis feriatus 11 132.50 (5.27) 164.50 (8.82) 132.50 (5.27) 124.50 (6.67)
Holothuria fuscogliva 7 * * * *
Holothurian sp. 6 * * * *
Scolopsis monogramma 6 220.24 (8.32) 220.24 (8.32) * 189.52 (12.84)

* Too few individuals sampled to predict mean length
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Table 7.4.5. Species that contributed 90% of the dissimilarity between the shallow (20 m) and deepwater (50 m) groups in the Queensland scallop fishery

bycatch.
Species/Taxa 20 m depth group 50 m depth group mean Average Dissimilarity/Standard Contributionto ~ Cumulative %
mean catclh rate catch rate (g ha™) dissimilarity deviation dissimilarity % dissimilarity
(g ha™)
Unidentified Sponge 7218.73 1286.51 4.73 1.09 5.92 5.92
Portunus pelagicus 586.51 62.91 4.52 1.1 5.67 11.59
Lethrinus genivittatus 553.73 27.88 3.23 1.02 4.04 15.63
Nemipterus theodorei 88.78 145,57 2.81 1.09 3.52 19.15
Rubble 153.36 57.93 2.64 0.74 3.3 22.45
Chaetodermis penicilligrus 80.95 13.58 2.63 0.83 3.29 25.74
Portunus rubromarginatus 191.28 71.93 2.56 1.21 3.21 28.95
Pentaceraster sp. 1454 32.27 2.46 0.85 3.08 32.03
Inimicus caledonicus 254.07 3.49 2.42 1.16 3.03 35.06
Pseudorhombus 2.35 48 2.32 1.1 2.9 37.96
Aptychotrema rostrata 133.42 43.35 2.07 0.71 2.59 40.56
Halophila spinulosa 69.68 56.53 1.74 0.7 2.18 42.74
Unidentified Crinoid 1.96 20.12 1.74 0.68 2.18 44.92
Pseudorhombus spinosus 22.93 12.26 1.67 0.71 2.09 47.01
Saurida grandisquamis 86.32 24.12 1.64 0.78 2.05 49.07
Trachinocephalus myops 10.62 44.14 1.53 0.86 1.92 50.98
Siganus fuscescens 58.49 0.74 1.41 0.68 1.77 52.75
Pseudomonacanthus peroni 45.69 27.68 1.41 0.57 1.76 54.51
Grammatobothus 2.34 26.35 1.37 0.79 1.72 56.23
Paramonacanthus otisensis 28.59 11.3 1.34 0.86 1.68 57.9
Polycarpa sp. 58.08 13.56 1.31 0.7 1.64 59.54
Nephthya sp. 4 0 35.48 1.27 0.51 1.59 61.14
Pristotis jerdoni 19.17 18.03 1.26 0.93 1.57 62.71
Peronella sp. 11.76 7.96 1.24 0.59 1.56 64.26
Dasyatis leylandi 13.29 13.26 1.18 0.56 1.48 65.74
Sea urchin 3 173.89 0 1.13 0.51 141 67.15
Holothuria ocellata 9.68 17.33 1.04 0.56 1.31 68.46
Ostracion nasus 1.14 38.69 1.02 0.51 1.28 69.74
Dasyatis kuhlii 29.29 17.41 1 0.52 1.25 70.99
Paramonacanthus lowei 1.99 11.47 0.97 0.73 1.22 72.21
Apistus carinatus 5.24 9.33 0.93 0.72 1.16 73.37
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Species/Taxa 20 m depth group 50 m depth group mean Average Dissimilarity/Standard ~ Contributionto ~ Cumulative %
mean catch rate catch rate (g ha™) dissimilarity deviation dissimilarity % dissimilarity
(g ha)
Sargassum racamosa 46.92 0.91 0.91 0.44 1.14 74.5
Stellaster equestris 0.46 7.54 0.88 0.62 1.11 75.61
Bohadschia marmorata 9.08 21.83 0.86 0.39 1.08 76.69
Engyprosopon grandisquama 4.6 5.03 0.86 0.7 1.07 77.76
Choerodon cephalotes 73.31 0 0.84 0.55 1.05 78.82
Upeneus asymmetricus 12.02 4.01 0.84 0.63 1.05 79.87
Basket star 14.14 7.56 0.83 0.53 1.04 80.9
Gymnocranius audleyi 0.18 52.51 0.82 0.5 1.03 81.93
Annachlamys flabellata 12.52 1.85 0.77 0.64 0.97 82.9
Charybdis natator 29.56 0.05 0.75 0.47 0.94 83.84
Pentapodus paradiseus 42.16 6.89 0.68 0.56 0.85 84.69
Torquigener pallimaculatus 5.66 4.66 0.62 0.58 0.78 85.47
Stichopus sp. 73.42 0 0.59 0.33 0.73 86.2
Portunus sanguinolentus 0.39 9.04 0.58 0.43 0.73 86.93
Tragulichthys jaculiferus 9.21 7.4 0.56 0.35 0.71 87.63
Lepidotrigla argus 0 8.57 0.53 0.49 0.66 88.29
Sepia papuensis 13.53 1.12 0.5 0.5 0.62 88.91
Amphimedon sp. 1.38 11.49 0.47 0.33 0.59 89.5
Anchisomus multistriatus 86.82 0 0.47 0.26 0.58 90.09
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7.4.4 Variation in bycatch community structure

Multidimensional scaling (MDS) was carried out using all 236 sub-samples and the
catch rates of 82 species that were present in 5% or more of the sub-samples. The
resulting stress value was 0.17 for a three-dimensional ordination. Analysis of
similarities (ANOSIM procedure in PRIMER) revealed that bycatch assemblages
differed significantly between depths (global R = 0.240, P <0.001), with the largest R-
statistic value (i.e., greatest difference) of 0.447 between the shallowest (20 m) and
deepest (50 m) categories. Catch rates for unidentified sponges, blue swimmer crabs
(P. pelagicus) and longspine emperor (L. genevittatus) were significantly higher for
the 20 m group compared to the 50 m group and together accounted for over 15% of
the dissimilarity (Table 7.4.5).

Bycatch assemblages were also affected by latitude (global R = 0.248, P < 0.001,
Figure 7.4.3). The largest difference was between the 24.0 °S group and the 22.5 °S
group (R-statistic = 0.668) and attributed largely to unidentified sponges, which were
much more abundant at lower latitudinal sites, and portunid crabs (P. pelagicus and P.
rubromarginatus) which were more abundant at higher latitudes. Other significant
differences were detected between the 24.0 °S group and the 22.5°S group (R-statistic
= 0.566), the 24.0°S group and the 23.5°S group (R-statistic = 0.525), and the 25.0°S
group and the 22.5°S group (R-statistic = 0.505).

Latitudinal effects on scallop bycatch composition based on 82 species

A 24
V 245
25
¢ 23
@ 225

-+ 235

Figure 7.4.3. Multidimensional scaling of 82 species of bycatch from 236 trawl locations in
the Queensland scallop fishery showing group formations based on latitude. Legend refers to
latitudes rounded to the nearest 0.5 °S.
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ANOSIM also revealed that bycatch assemblages differed significantly between
codend types (global R =0.181, P < 0.001) with the largest difference between the
TED and the square mesh coded (R-statistic = 0.334, Table 7.4.6). Species that
contributed most to the dissimilarity between these groups were a) unidentified
sponges, which were about four times more abundant in the square mesh codend, and
b) the threadfin bream (N. theodorei) and longspine emperor (L. genevittatus), which
were about 20 times more abundant in the TED net. Collectively these three species
accounted for 13.7% of the dissimilarity. Some species that contributed to the
dissimilarity were completely absent from the square mesh codends, including the
longfin waspfish (Apistus carinatus), the painted lizardfish (Trachinocephalus myops)
and the mud flathead (Ambiserrula jugosa). None of the species that contributed to
the dissimilarity were absent from the TED nets. The results suggest that the square
mesh codends effectively remove much of the bycatch, including entire species, and is
therefore responsible for most of the dissimilarity between the TED and square mesh
codend groups.

The clustering of groups can be seen in Figure 7.5.1, where bycatch samples that were
taken from nets with square mesh codends tend to cluster on the right-hand side of the
graph and those taken from nets without the square mesh codends (i.e., TED and
standard net) are largely distributed on the left-hand side.

Table 7.4.6 R-statistic values and significance levels for differences in bycatch community
structure between codend types.

Groups R-statistic Significance level
TED, standard net 0.033 0.018
TED, TED and square mesh coded 0.235 0.001
TED, square mesh coded 0.334 0.001
standard net, TED and square mesh coded 0.212 0.001
standard net, square mesh coded 0.225 0.001
TED and square mesh coded, square mesh coded 0.047 0.002

7.5 DISCUSSION

The study demonstrated a practical gear-based method for reducing total bycatch in
the Queensland scallop fishery by 77% (f; parameter estimate of 0.23, Table 7.4.1),
based on deploying a TED and square mesh codend BRD together in the net,
compared to a standard scallop fishing net with no bycatch reduction devices
installed. Importantly, the reduction was achieved with no reduction in the catch rate
of legal sized (> 95 mm shell height) scallops and a reduction in the number of
undersized scallops in the catch of 63%.
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Codend type effects on scallop bycatch composition based on 82
species

A TED

V¥ Standard net

0 TED+SMC

¢ SMC

Figure 7.5.1. Multidimensional scaling of 82 bycatch species from 236 trawl locations in the
Queensland scallop fishery showing group formations based on codend type. Note that
bycatch samples without square mesh codends (SMC) (i.e., blue and green triangles) largely
distributed to the left-hand side of the MDS while those with square mesh codends (blue
squares and red diamonds) are largely distributed on the right-hand side.

The large reduction in bycatch was achieved because the two devices (i.e., the TED
and the square mesh codend) excluded different components of the bycatch and when
used together they complemented each other resulting in the exclusion of the great
majority of the bycatch. The TED by itself was particularly effective at excluding
large bycatch fauna which comprised 64% of the total bycatch weight and was
dominated by large sponges (92% of the large bycatch was sponge). The TED was
also effective at reducing other large fauna such as sharks and rays, but because these
were infrequent and contributed only a minor component of the bycatch weight (8%
of the large bycatch fauna) no specific analyses were undertaken. The square mesh
codend by itself was highly effective at excluding the smaller species (i.e., bycatch
excluding large fauna, f; parameter estimate of 0.44, Table 7.4.1). When used
together the reductions from both devices were largely additive, effectively excluding
77% of the total bycatch (#5; parameter estimate of 0.23, Table 7.4.1).

7.5.1 Extrapolating the charter results to the scallop fishery

If the results are considered with logbook data on catch and effort then collectively
they suggest that the total weight of bycatch in the scallop fishery could be reduced by
several thousand tonnes per year. For example, scallop landings for the period 1988 to
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1999 averaged 1100 tonnes of meat per year (Williams, 2002), which equates to
approximately 5500 tonnes of unshucked scallops per year. Measurements of bycatch
obtained directly from scallop fishers over the last two years indicate that for every 1
kg of unshucked legal sized scallops caught in a standard net there was about 2.5 kg
of bycatch — a ratio of 2.5:1. Note that measures of the ratio obtained from the charter
were higher than this; a mean of 4.59 kg legal sized scallop to a mean of 15.89 kg
total bycatch (Table 7.4.1) which equates to a ratio of 3.5:1. By using the 2.5:1 ratio,
estimates of the scallop meat weight logbook data from 1988-1999 and simple
extrapolation, it can be estimated that about 13,750 tonnes of bycatch was produced
by the scallop fishery annually over the period. If all of the scallop trawlers used the
TED and square mesh codend that was trialled herein, and the 77% reduction was
extrapolated to the scallop fleet, it would equate to a reduction in bycatch of about 10,
588 tonnes to 3163 tonnes annually, with no loss of the legal sized scallop catch. This
reduction estimate is likely to be conservative as larger reductions would be obtained
by using the ratio value of 3.5:1 obtained from the charter.

7.5.2 Effects on scallops

There was no significant difference between codend types on the catch rate of legal
sized scallops, but nets with the square mesh codend were found to significantly
reduce undersize scallop catch rates (Table 7.4.1). The p; parameter estimate of 0.68
(Table 7.4.1) that was obtained for the TED and square mesh codend together, equates
to a 32% reduction in weight. Because the undersized scallops are small, the observed
reduction by number was much greater, at 63%. Suuronen and Millar (1992) found
that 36 mm square mesh codends retained significantly fewer small herring compared
to diamond mesh codends of the same mesh size in the northern Baltic Sea herring
(Clupea harengus) fishery. While the incidental fishing mortality on undersized
scallops from the fishery is unknown, it may be considerable and therefore be
lowering the maximum sustainable yield from the fishery. Any reduction in the
incidental mortality on the stock should therefore be seen as highly desirable. It is
noteworthy that while nets with the square mesh codends significantly reduced the
number of undersized scallops that were retained, brought to the surface, dropped on
the sorting tray and thrown back over the side of the vessel, it is unknown whether
those undersized scallops that passed through the square meshes and escaped
experienced any additional mortality as a result. It seems likely that those that escaped
through the square meshes would have experienced less incidental mortality than
those that were retained.

7.5.3 Effects on Moreton Bay bugs

Both the TED and the square mesh codend significantly reduced the catch rate of
legal sized (> 75 mm CW) lobsters (T. orientalis) and together lowered catch rates by
28% (f3 parameter estimate of 0.72, Table 7.4.2). Some of the loss was likely to be
due to the TED excluding large amounts of sponges. Before they are expelled, the
sponges accumulate in front of the TED. It seems likely that the sponges prevent the
lobsters from passing though the TED and that they escape with the sponges as they
are expelled through the TED escape opening. Some fishers have suggested that the
lobsters walk forward inside a trawl net and escape through the TED escape hole. On
several occasions throughout the charter, lobsters were observed trying to escape
through the square mesh codends tail first and as a result, some loss from the square
mesh was expected.
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To reduce the loss of legal sized lobsters from TEDs, it is essential that sponges be
excluded as quickly as possible. This would reduce the problems associated with
clogging. One technical aspect to consider when constructing a TED is the angle of
the grid. Most scallop fishers have their own thoughts concerning the angle of the grid
but an angle of about 60° appears to be a good starting point. Bent deflector bars also
appear to be an important feature of an efficient TED.

Both devices also significantly lowered the catch rate of undersized lobsters, but the
square mesh codend was particularly effective and by itself reduced catch rates by
74% (3 parameter estimate of 0.26, Table 7.4.2). When used together, the TED and
square mesh codend reduced undersize lobster catch rates by 76% (f3 parameter
estimate of 0.24, Table 7.4.2). As was the case with the undersize scallop catch rates,
any reduction in the incidental capture or mortality of undersized lobsters is likely to
have a benefit to the lobster population size and harvest, and for these reasons should
be viewed positively.

7.5.4 Effects on individual bycatch species

Of the 46 species that could be analysed using GLM, 25 (54%) were found to have
statistically significant reductions that were attributed to the TED, the square mesh
codend or both (Table 7.4.3). The largest reductions were attributed to the square
mesh codend, or the square mesh codend and TED together. For example, the square
mesh codend by itself reduced the catch rates of threadfin bream (N. theodorei) and
longspine emperor (L. genevittatus) by 90% or more. The reason the device was so
effective is because a) it surrounds the small fish and invertebrates with multiple
points of escapement and b) individuals do not have to expend energy to find an
escape hole and pass through it, but rather many species may simple fall through the
large open square meshes.

7.5.5 Variation in bycatch community structure

Large unidentified sponges dominated the bycatch and made up about 60% of the
total bycatch weight. The large bycatch fauna also included relatively infrequent
catches of elasmobranchs. The remaining dominant fauna included portunid crabs,
demersal and benthic fish, small unidentified sponges, sea urchins, holothurians,
molluscs, algae and seagrass. Laurenson et al. (1993) examined the bycatch from a
similar otter trawl fishery for A. japonicum ballotti in Western Australia and found it
was comprised of 150 species of teleosts, elasmobranchs and invertebrates.

Bycatch composition varied significantly with depth (Table 7.4.5), latitude (Figure
7.4.3) and codend type (Figure 7.5.1). The global R values for the latitude (0.248) and
depth effects (0.240) were higher than codend effects (0.181), suggesting that latitude
and depth had a greater effect on bycatch composition than codend type. Watson et al.
(1990) examined variation in the benthic faunal communities associated with the red
spot king prawn fishery in Central Queensland. They found that faunal composition
was affected more by location of sample sites than by the time (i.e., month). They also
differentiated the communities into nearshore, midshelf and inter-reef groups and
found weakly separated wet and dry season temporal groupings. Veale et al. (2000)
examined variation in bycatch assemblages from the scallop dredge fishing grounds in
the North Irish Sea in relation to depth, sediment type and fishing effort. They
concluded that bycatch diversity decreased with increased fishing disturbance and
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suggested that it was due to the removal of sensitive species and habitat
homogenisation. In the current study the relationship between fishing effort and
bycatch structure was not examined. Fishing effort may be an important factor
affecting the bycatch but demonstrating that it has caused changes, rather than simply
showing a correlation would be challenging.

TEDs and BRDs have been introduced progressively throughout the Queensland trawl
fishery over the last few years. Both devices became mandatory in the scallop sector
in July 2001. While TEDs were introduced specifically to reduce the incidental
capture of turtles, they can also significantly lower the catch rate of bycatch, as has
been shown here. The square mesh codend is one of the five recognised BRDs listed
for use in the fishery’s management plan. Clearly, if the fishery managers and
conservation agencies are interested in assessing the reduction in bycatch in the
fishery then they need to consider the effectiveness of both TEDs and BRDs.

While it is beyond the capacity of this current research project to assess the
effectiveness of each different combination of TED and BRD in each sector of the
fishery, the results from this particular charter are very promising. They clearly
indicate that bycatch in the scallop fishery can be significantly reduced by using a
square mesh codend BRD with a TED, with no significant loss of commercial size
scallop catch. While the results are promising, they should be interpreted with caution.
For example, all of the results reported here are based on an eight-day trial. As such,
they do not consider any possible long-term problems that may or may not be
associated with the square mesh codends, such as knot slippage or higher rates of
wear and tear.
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8 Winter (diver) whiting trawl bycatch in southern Hervey Bay

I. W. Brown, A. J. Courtney, M. J. Campbell, K. E. Chilcott and M. McLennan

8.1 ABSTRACT

A four-night research charter on board the commercial fishing vessel Lewis Venture
was undertaken in June 2002 in the the southern end of Hervey Bay to examine the
variation in prawn and bycatch catch rates, particularly recreationally important diver
whiting (Sillago maculata). The effects of a) areas that were open and periodically
closed to trawling, and b) different combinations of bycatch reduction devices (BRDs)
were assessed. Levels of fishing effort in the closed area were also examined using
Vessel Monitoring System (VMS) data. A Wick’s fish-eye BRD, which is commonly
used by vessels in the area, was tested with and without a turtle excluder device
(TED). A total of 96 measurements of tiger prawn, bycatch and whiting catches were
obtained. Catch rates of whiting were significantly higher in the closed area, but
unaffected by codend treatment type (i.e., the TED or BRD). The catch rates of non-
whiting bycatch, comprising 186 species (see Appendix 4), did not differ between
open and closed areas, or between codend treatment type. Catch rates of tiger prawns
were significantly higher inside the closed area, but were not affected by the codend
treatment type. Levels of fishing effort in the closed area have declined in recent
years, possibly because trawler operators can no longer retain and market whiting.
Our results suggest that the types of TEDs and BRDs that fishers are using in the area
are unlikely to have any effect on the whiting catch rates, or on most of the other
bycatch species, with the possible exception of large species such as turtles, sharks
and rays.

8.2 INTRODUCTION

The Fisheries (East Coast Trawl) Management Plan 1999 (Reprint No. 2a) contains a
Review Event relating to trawl bycatch of winter or diver whiting (Sillago maculata)
in the southern Hervey Bay trawl closure area. The trigger for this review event is the
result of a scientific study, and is formally stated in the Plan as follows: (A review will
be triggered if) The chief executive accepts a scientific study or survey that shows the
level of winter whiting bycatch between 1 April and 1 June has not significantly
declined in the area mentioned in schedule 3, section 72(1),49 before 2003.

The area referred to in Schedule 3 Sect 72 is the Southern Hervey Bay (SHB) closure
area (Figure 8.2.1). The closure period is the four months from July to October
inclusive, but the “test” period (for the purposes of this review trigger) is April/May.
While it is unclear whether the bycatch change was to be measured between years or
from the beginning to the end of the test period, it is has been assumed for the
purposes of this exercise that the former was intended. It is also assumed that in
referring to “bycatch” the legislation means “total quantity” rather than *“catch rate or
catch per unit effort (CPUE)”.
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Figure 8.2.1. Chart of Hervey Bay, showing location of the Southern Hervey Bay Trawl
Closure (SHBTC) Area (cross-hatched). Also shown are the northern and eastern boundaries
of the half-degree Grid V33 and the “inshore” gear-limitation area (hatched).

The original closure was for the period July—September inclusive. This was later
extended by one month (into spring) to July—October inclusive, although the
Regulatory Impact Statement refers to the extension being for the benefit of anglers
during the autumn and winter fishing periods. The test period referred to in the review
event is, however, during autumn.

The objectives of this research were to a) determine whether there has been any
change in the amount of fishing effort in the closure area during the test period in the
last two years, and b) estimate the whiting bycatch of trawlers working in the closure
area during the test period. Funding for the work was provided by the Queensland
Fisheries Business Group. While the project’s objectives did not initially include an
examination of the impacts of trawling on whiting catches in Hervey Bay, the need for
this work presented opportunities for the project to further test the effects of TEDs
and BRDs (albeit in a relatively minor fishing sector) and to further describe the
bycatch in the trawl fishery, which are consistent with the FRDC project’s objectives.
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8.3 METHODS

For Objective 1 — to estimate the amount of trawling effort carried out in the closure
area before its declaration and to provide an estimate of year-to-year differences — the
project required the use of Vessel Monitoring System (VMS) and Commercial
Fisheries Information System (CFISH) data. From previous experience it was
considered unlikely that there would be a high level of precision in the fishing
operation locations reported in CFISH. Because the Southern Hervey Bay closure area
accounts for only about 30% of the total fishable area of the CFISH grid (V33) in
which it is located, it was recognised that a significant proportion of the CFISH catch
records could not be attributed specifically to the area inside or outside the closure.
For this reason we considered it necessary to use the spatially explicit VMS data to
obtain a more accurate picture of fishing effort in the closure area. However, although
the spatial data in VMS are highly reliable and specific, there remains a problem with
determining whether the vessel whose position is known accurately was actually
engaged in fishing activities at the time.

Estimation of the bycatch of winter whiting (and other species) was approached by
conducting a trawl survey in and around the closure area as close as possible to the
time span referred to in the Trawl Management Plan. In order to account for the fact
that bycatch reduction devices (BRDs) and turtle excluder devices (TEDs) have been
introduced into the fishery over the period of interest, and may have contributed to
(undocumented) changes in bycatch rates, it was necessary to use such net
modifications in the survey. However there was no single design of either BRD or
TED in the fishery, and many adaptations which fitted the loose legislated guidelines
were developed by different trawler skippers and operators. This meant that we
needed to determine whether there was a “most frequently used” design typical of that
part of the fleet that worked the southern Hervey Bay area.

VMS and CFISH data were then used in conjunction with the experimental results to
provide a gross estimate of total whiting bycatch. The BRD trials also allowed
collection of biological material for taxonomic purposes (particularly to determine
whether more than one species of whiting was represented in the trawl bycatch), age-
growth estimation and estimation of general bycatch levels and composition in an area
that had not previously been surveyed.

The fishing vessel Lewis Venture (FPPX), skippered by Mr Reg Saunders of Urangan,
was chartered to undertake the four-night survey to estimate the catch of winter
whiting during the period of interest by a typical inshore trawler, and to determine
whether the use of a TED and BRD had any detectable effect on bycatch levels,
particularly winter whiting. Twin standard four-fathom, two-seam Florida Flyer nets
were used, as this was determined (from interviews with trawl fishers who had
registered previous significant catches from the southern Hervey Bay region) to be the
most common setup amongst the small trawlers operating in that area. In addition,
most of the survey area was within the “gear restriction” area (south of 25°05’ S)
where the 8 fm headline-length limit applies. This restricted the number of samples
that could be taken simultaneously (which might otherwise have been four in the case
of quad gear). All trawling was done at night, the first shot commencing 20 minutes
after official sunset, and the last shot lifted not later than 20 minutes before sunrise.

77



Winter whiting bycatch in Hervey Bay

The sampling strategy required four nights of fishing with two nets, one of which was
fitted with a TED and the other without. Both were fitted with a closable triangular
fisheye BRD installed (Figure 8.3.1. manufactured and supplied by Mr K Wicks), as
this appeared to be the most common BRD by the Hervey Bay-based boats. Closure
of the fisheye by securing a cover with cable ties effectively created a no-BRD net.

Figure 8.3.1. The fisheye BRD as used by Mr Reg Saunders on the Lewis Venture (FPPX).
The effects of this device on prawn, whiting and bycatch catch rates were evaluated.

Shot length was specified at 1.0 nautical mile (20 minutes bottom time at ~3 knots;
allowing 1 hour for the shoot-drag-retrieve cycle and steam to the next site). Twelve
shots per night were scheduled, giving 2 x 12 = 24 samples per night, and 24 x 4 = 96
samples in total. Two nights each were scheduled for inside the closure area
(designated South V33) and outside the closure (North VV33) (Figure 8.3.2). The order
of areas sampled from night to night was Southern Hervey Bay (SHB), North V33,
SHB, and North V33.

Comparisons were made between codend treatment types as follows:
TED+BRD compared against Standard net (i.e, no TED or BRD);
TED compared against Standard net;

TED+BRD compared against BRD; and

TED compared against BRD.

Location of nets (i.e. on either the port side or starboard side) remained fixed during

any one night. Port and starboard codends were reversed at the end of the second
night.
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Forty-eight coordinates (24 inside the SHB closure and 24 outside) were chosen
randomly (Figure 8.3.2). The sites are identified sequentially from 1 to 48. Before
fishing commenced, all the coordinates (with identifying shot numbers) were keyed in
to the vessel’s plotter. An attempt was made to avoid allocating sites in or close to
areas that the vessel’s skipper had identified as having hookups or foul ground. To
save steaming time and minimise track overlap, trawl tracks were generally directed
towards the next site to be occupied. The trawl tracks at each site were recorded (via
GPS) on the vessel’s plotter and later transferred to diskette.
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Figure 8.3.2. Location of sampling sites inside and outside the SHBTC area.

The following procedure was adopted for sorting and storing the catch and recording
“back deck” data:
o Port and starboard net catches were kept separate on the sorting tray.
o Size and/or weight of any “monsters” and large elasmobranchs (> about 1.5 m
for sharks and shovelnose rays; > 80 cm disc width for rays) were estimated.
The animals were identified and then released.
o The following were separated out from the catch, and placed in separate
buckets or crates:
all marketable species of prawns (all sizes)
all whiting (all species, all sizes)
all legal sized byproduct (blue swimmer crabs, scallops, bugs and squid)
o Cuttlefish, octopus and pinkies were left in the bycatch.
o Byproduct samples were counted and weighed, then released.
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o Bycatch was weighed and, if more than 10 kg total, sub-sampled (about 10 kg
into a prawn carton) and the remainder discarded. The sub-sample was then
bagged, labelled and snap frozen.

o Marketable prawns, whiting and elasmobranchs were weighed, bagged,
labelled and snap frozen.

8.4 RESULTS AND DISCUSSION
8.4.1 Estimation of trawling effort from logbook data

A retrieval of all records from the TRAWL database within the period 1 January 1998
to 30 June 2002 and within the bounds of Grid V33 (25.0°-25.5 °S; 152.5°-153.0 °E)
was undertaken on 10 January 2002. This process was left as late as possible to ensure
that the maximum number of logbooks had been sent to and processed by QFS data
entry staff. Despite this, it appears that at the time of retrieval there were still some
unprocessed logbook sheets (J Higgs, pers. comm.). This retrieval yielded a total of
9178 records, which comprised 802 fishing operation dates. For any given vessel
there may have been more than one fishing operation logged on a particular date, and
there were usually multiple records (for different species) per operation number.

8.4.2 Spatial precision in reporting

To find the amount of precise trawl data in CFISH needed to determine whether the
operation was inside or outside the closure area, we analysed the data by year and
precision code, selecting only data for the period April-May inclusive. In the earlier
years (1998 and 1999) more reports were at the half-degree grid level than the six-
minute sub-grid level, but subsequently there was an increasing proportion of reports
at the sub-grid level (Figure 8.4.1). Very few records in any year were reported at the
highest level of precision (lat-long coordinates). This means that for about half the
records in Grid V33 it was impossible to tell whether the reported fishing location was
inside or outside the closure area.
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Figure 8.4.1. Number of boat-days in April and May each year on which fishing locations

were reported at three levels of spatial precision (0.25: grid; 0.05: sub-grid; 0.008: lat-long) in
Grid V33.
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To investigate the appropriateness of allocating the low-precision effort (and catch)
records proportionately to the sub-grids specified by higher precision reporting levels,
we compared the catch composition of the two groups. The principle was that, if the
catch compositions were much the same, then there would be no reason to suspect that
the catch data were biased in terms of reporting precision level.

The overall species composition (by weight) of the pooled low-precision and high-
precision catches were determined, and ranked according to the top 14 species
categories in the low precision group (Figure 8.4.2). The rankings of the most
important species were quite similar, suggesting that there was a relatively low
probability that fishing operations reported at the half-degree grid level of precision
were carried out in a substantially different location from those reported at the six-
minute (sub-grid) precision level. There was, however, a tendency for vessels
reporting at the lowest precision level to list larger catches of unspecified categories
such as whiting and crabs.
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Figure 8.4.2. Comparison of the proportional representation of the 14 most important species
in catches from vessels reporting their fishing locations at two levels of precision (30-minute
Grid, where sub-grids are not identifiable, and six-minute sub-grid or lat-long, where sub-
grids are either specified or derivable.
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Some vessels reported in a quasi
shot-by-shot manner (i.e. with more
than one fishing operation logged in
a particular day), but most did not.
For this reason it was decided to
present CFISH effort statistics in
terms of the number of boats and
boat-days. Both effort statistics
show a clear and significant decline
over the five-year period (1998-
2002) (Figure 8.4.3). While the
number of boats reporting some
trawling activity in the closure area
varied from five to eight over the
same period (Figure 8.4.3, top), the
number of days fished in the closure
area fell from about 65 in 1998-99
to between 10 and 33 in 2001-02
(Figure 8.4.3, centre). The average
number of fishing days per boat in
the area declined from around 10 in
1998-99 to about 4 in 2000-02
(Figure 8.4.3, lower).

On the assumption that there was no
spatial bias between fishing records
reported at high and low precision
levels, we allocated the low
precision records (for each year
separately) either to inside or outside
the closure area on the basis of the
proportions derived from the high
precision (sub-grid level) records
(Table 8.4.1).
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Figure 8.4.3. Comparison of yearly changes in
fishing effort (boats and boat-days) between all of
Grid V33 and the approximate closure area (i.e. all
subgrids falling within or largely within the closure
area).

Table 8.4.1. Estimated total effort (boat-days) in Grid VV33 by year, inside and outside the
SHBTC area, resulting from the proportional allocation of records reported at the lowest level

of precision. Records for sub-grids straddling

the northern boundary of the SHBTC were

allocated on the basis 50% inside and 50% outside the closure area.

In/out Grand
SHBTC 1998 1999 2000 2001 2002 Total
Inside 136.1493 132.7519 30.61333 8 30.85714 341.2264
Outside 210.8507 141.2481 81.38667 8 23.14286 461.7736
Total 347 274 112 16 54 803

The change in trawling effort over the five-year period is quite apparent (Figure
8.4.4), which shows a drop from around 140 boat days in 1998-99 to around 20 in
2000-02. The slope of the fitted regression is on the borderline of statistical
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significance (P = 0.06). There was, however, no consistent trend over the three-year
period 2000-02.
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Figure 8.4.4. Trend in estimated trawling effort (boat days) over
the period 1998-2002 inside the SHBTC during April and May.

8.4.3 Trends in reported catch of winter whiting

Year-to-year changes in total reported catch of winter whiting and unspecified whiting
were derived from the same data set as described above. Table 8.4.2 shows that
reported catches of winter whiting (assumed to include “unspecified” whiting) fell
from about 1100 to 1500 kg (in 1998 to 2000) to zero in 2001 and 2002. About half of
the reported yearly catch was taken in April and May in 1998 and 1999, and about
two-thirds in 2000.

Table 8.4.2. Reported winter and unspecified whiting catches (kg) inside the SHBT closure
area, by year. Where there are two figures separated by a slash, the first refers to the April—
May period and the latter the whole of year.

Category 1998 1999 2000 2001 2002
Whiting unspecified 563/1119 715/1189 0 0 0
Winter whiting 0 6 1175/1589 0 0
Total 563/1119 715/1195 1175/1589 0 0

8.4.4 VMS data

In October 2002 QFS staff carried out a retrieval from the VMS database. The
selected data were limited to the months of April and May, and included the closure
area within the bounds of 25°08° to 25°16° S and 152°38’ to 152°59” E. In terms of
decimal degrees (which is the spatial coordinate format used in the VMS database),
this equates to 25.1333° to 25.2667 °S and 152.6333° to 152.9833 °E.

This retrieval produced 2096 records, covering the years 2000—2002 inclusive (no

data are available for earlier years). Each record represents one VMS interrogation or
poll and generally successive polls (where occurring) were one hour apart.
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An algorithm or decision-rule was needed to help decide objectively whether a record
referred to a vessel that was engaged in trawling, or to one that was at anchor, in port,
or steaming. As the SHBTC is close to the northern entrance to Great Sandy Strait and
to the port of Urangan, it is likely that many of the interrogation records would relate
to vessels passing through the area on their way into or out of port. They may also
relate to vessels at anchor in the SHBTC area, as the vessels’ VMS systems remain
operational unless deactivation has been formally requested, as may be required if the
vessel is undergoing repairs. As most trawling activity takes place at night in the
Hervey Bay area, the date field was adjusted on the basis of whether the time of day
was before or after noon, such that the fishing day extended from noon on one day to
noon on the next. This meant that pre-noon records were attributed to the previous
calendar day. The data set contained a “speed” field, which is a value calculated from
the spatial and time differences between the current and the previous interrogation.
The speed units (m sec™) were converted to knots (i.e. nautical miles per hour) by
multiplying the value by 1.944.

A number of assumptions were made in setting the selection algorithms. Firstly, if a
particular vessel was “pinged” only once on a given (fishing) day, it was deemed to
have been in transit, regardless of its calculated speed. It is highly unlikely that a
vessel could have been fishing for any substantial length of time in the SHBTC and
not been interrogated more than once over the 24-hour period. Such data were
therefore omitted from the effort estimates. The first pass through the data set
removed 607 records of this type (i.e. single pings), leaving 1489, representing vessels
that were polled more than once on a given fishing day.

While trawling in the main shipping channel south-east of the fairway buoy is not
entirely unknown, it happens very rarely (Noel Riley [QBFP], Reg Saunders pers.
comm.). The area surrounding the channels and within the SHBTC are shoal grounds
and not trawlable. Although it is actually part of the SHBTC, the triangular area
extending from the Fairway Beacon south to Point VVernon then east to Moon Point
was therefore considered effectively untrawlable for the purposes of this study.
Location records within that area were most likely the result of vessels in transit or at
anchor, and were therefore disregarded. This pattern was seen clearly in the
cumulative spatial distribution of VMS interrogation coordinates for all vessels
(during April and May) over the three-year period. Removal of records from this
triangular region left a rectangular area encompassing the trawlable part of the
SHBTC from (in decimal degrees) 25.1467° to 25.2500 °S and from 152.6333° to
152.7867 °E. When records were taken just from this area, the data subset reduced to
only 416. This suggests that over 1000 records were attributable to vessels in transit to
or from Urangan or at anchor in sheltered waters.

The final filter to be applied was calculated speed. In general, the effort management
system employed by the QFS is based upon the assumption that a vessel must be
travelling faster than 5 knots to be considered steaming (i.e. vessels travelling less
than 5 knots are considered trawling. However, because most of the trawlers that work
the southern Hervey Bay area tend to be older, smaller boats, it was considered
unlikely that a calculated speed in excess of 4 knots would indicate trawling activity.
On the other hand, quite low apparent speeds may be generated if the trawl track is
curved or if the boat is working a particular ‘shot’ on successive occasions. Clearly
there needed to be a way of deciding whether a boat was not trawling (it might be
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drifting, or at anchor in a changing tidal flow) but nevertheless registering a non-zero
calculated groundspeed. We chose a somewhat arbitrary 0.5 knots as the cut-off point
between stationarity and trawling. Of the 416 records from the trawlable area of the
SHBTC, 136 had calculated speeds of between 0.5 and 4 knots. Of the remainder,
speeds of 4 knots or more were registered 24 times (presumably vessels in transit),
and speeds of 0.5 knots or less were registered 256 times (not fishing).

Thus, from the initial data set of 2096 records, only 136 are considered (on the basis
of the assumptions and decision-rules above) to relate to actual trawling activity in the
SHBTC during April and May over the three-year period 2000-02. The distribution of
fishing effort between years (as estimated from the frequency of interrogations) is
shown in Table 8.4.3. No detailed spatial information on the distribution of fishing
effort is provided in this report due to confidentiality clauses that relate to the
reporting of fishing effort from fewer than five vessels.

Table 8.4.3. Number of trawlers considered to have been fishing within the SHBTC (during
April and May) each year. The number of (hourly) interrogations may be considered a proxy
for trawling effort.

Number of Number of VMS Mean number of
Year boats interrogations interrogations per boat
2000 8 77 9.6
2001 2 24 12
2002 3 35 11.7

Application of the same decision-rules consistently across years indicates that,
according to the spatially accurate VMS data, there has been a substantial reduction in
the number of vessels working in the SHBTC during April and May, from eight in
2000 to three in 2002. It is pertinent to mention that the VMS data become available
in “real time”, so there is no backlog of un-entered or unprocessed data. In other
words, the 2002 data for April and May were all available when the extract was done.
It should also be remembered that the SHBTC is only closed for a certain period each
year, and trawling during the months of April and May is quite legitimate.

Not only was there a substantial reduction in the number of boats, the number of
(multiple) interrogations declined by about 50% from 77 in 2000 to 35 in 2002. The
number of interrogations may be considered a proxy for trawling time, as the
probability that a vessel will be interrogated within a certain area is directly
proportional to the amount of time it remains in that area.

Despite the quite dramatic change in apparent fishing effort (whether estimated as
boats or fishing time) over the three-year period, regression analyses indicated that the
change was not statistically significant. This is due a) to the fact that only three data
points were able to be compared, and b) to the relatively poor fit between these
observed data and the fitted linear regression.

It would appear that, over the three years for which VMS data are available, there has
not been any significant change in the average time the vessels spent working in the
SHBTC area during April and May. This is deduced from the mean number of pings
per vessel, which remained around 10-12 over the three-year period (Table 8.4.3).
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8.4.5 Effects of TED and BRD on winter whiting catches

The observed mean catch rates of whiting from the research charter are provided in
Table 8.4.4. Mean catch rates varied slightly between codend types, from 0.73 kg
nautical mile™ in the standard net to 0.86 kg nautical mile™ in the net with both the
TED and the BRD. There was a marked difference between the Southern Hervey Bay
Trawl Closure (SHBTC) and the area open to trawling. Catch rates in the closed area
were much higher than those in the open area.

Table 8.4.4. Observed mean catch rate of whiting (kg nautical mile™) from the four net types
in each area. Each mean is based on 12 observations (4 nights by 12 trawls towing 2 nets = 96
observations).

Net with
TED and BRD
Area Standard net Net with BRD only Net with TED only together
Inside SHBTC 0.73 0.85 0.81 0.86
Outside SHBTC 0.02 0.07 0.0 0.04

An accumulated analysis of variance using a normal distribution and identity link
function was undertaken on the transformed whiting catch data (loge whiting catch
rate + 0.01). The area effect was highly significant (P <0.001, Table 8.4.5). However,
neither the side of boat nor the codend treatment type had a significant effect on the
catch rate of whiting. That is, the observed differences in catch rate according to net
type are due to external factors rather than the gear used.

Table 8.4.5. Accumulated analysis of variance showing the effects of codend type on whiting
catch rate.

Change d.f. 5.8. m.s. v.r. F pr.
+Area 1 275.835 275.835 134.11 <0.001
+Side of boat 1 0.036 0.036 0.02 0.895
+Codend treatment type 3 3.634 1.211 0.59 0.624
Residual 90 185.105 2.057

Total 95 464.61 4.891
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Figure 8.4.5. Distribution of winter whiting Sillago maculata catches from the trawl charter.
Note the difference in apparent abundance between the area of the SHBTC and that outside.

8.4.6 Effects of TED and BRD on other bycatch

The catch rate of non-whiting bycatch is provided in Table 8.4.6. These catch rates
exclude monsters (large animals such as turtles, sharks and rays). The incidence of

monsters throughout the charter was rare, although one large green turtle weighing

approximately 200 kg was caught. The average raw bycatch catch rate varied from

20.65 kg nautical mile™ (in nets with TED and BRD) to 23.91 kg nautical mile™ (in
nets with just a TED) (Table 8.4.6). A list of the 186 bycatch species and their total
weight recorded during the charter is provided in Appendix 4.

Table 8.4.6. Observed mean catch rate (kg nautical mile™) of non-whiting bycatch caught in
each of the four net types in each area. Each mean based on 12 observations (4 nights by 12
trawls towing 2 nets = 96 observations). Monsters are not included.

Net with
Standard Net with Net with TED and BRD
Area net BRD only TED only together
Inside SHBTC 20.85 21.27 22.75 20.65
Outside SHBTC 25.79 22.64 23.91 22.38
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In all codend treatment types the raw catch rate of bycatch species was slightly higher
outside the closure area than inside (Table 8.4.6), however, the area term was not
statistically significant and therefore not included in the final model (Table 8.4.7).
There was a significant difference in catch rate among the various trawl shot locations
(sites), and between the port and starboard sides of the vessel. The port side had
higher catch rates, possibly due to subtle differences in the way the nets were hung or
the way the otter boards towed. Interestingly, there was no significant effect of codend
treatment type (i.e., presence or absence of TED and/or BRD) on the catch rate of the
total bycatch.

An accumulated analysis of variance using a normal distribution and identity link
function was undertaken on the transformed bycatch catch rate data [log. (bycatch
catch rate) + 1]. The significance of the effects of location, side of boat and net type
on the bycatch are shown in Table 8.4.7.

Table 8.4.7. Accumulated analysis of variance showing the effects of the net type on bycatch
catch rate.

Change d.f. S.S. m.s. v.I. F pr.
+Site 47 10.48119  0.223 13.54 <.001
+Side of boat 1 0.40334 0.40334 24.5 <.001
+Codend treatment type 3 0.03909 0.01303 0.79 0.505
Residual 44 0.7245  0.01647
Total 95 11.64812 0.12261

8.4.7 Effects on prawn catch rates

Tiger prawns were the predominant prawn species caught in the area. Catch rates
varied between 0.30 kg nautical mile™ and 0.06 kg nautical mile™ for the different net
types and areas (Table 8.4.8) and were higher in the SHBTC.

Table 8.4.8. Observed mean catch rate of tiger prawns (kg nautical mile™) from the four types
of codend in each area. Each mean based on 12 observations (4 nights by 12 trawls towing 2
nets = 96 observations).

Standard Net with Net with Net with
Area net BRD TED TED + BRD
Inside SHBTC 0.23 0.25 0.30 0.24
Outside SHBTC 0.06 0.06 0.14 0.07

An accumulated analysis of variance using a normal distribution and identity link
function was undertaken on the transformed prawn catch rate data (loge prawn catch
rate + 0.01). The catch rate of tiger prawns was significantly higher inside the SHBTC
than outside (Table 8.4.9). However neither codend type nor the side of boat affected
prawn catch rates.
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Table 8.4.9. Accumulated analysis of variance showing the effects of the codend type on tiger
prawn catch rate.

Change d.f. S.S. m.s. V.I. Fpr.
+Area 1 57.794 57.794 34.53 <.001
+Codend treatment type 3 6.912 2.304 1.38 0.255
Residual 91 152.309 1.674
Total 95 217.015 2.284

8.4.8 Size-frequency distribution of winter whiting catch

The size-frequency of all Sillago maculata taken in all trawl shots during the charter
survey is shown in Figure 8.4.6. The modal length (210 mm Fork Length) was
somewhat greater (by about 20 mm) than that reported in Weng’s 1990-91 study in
Moreton Bay at the equivalent time (May-June).
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Figure 8.4.6. Length-frequency distribution of winter whiting (Sillago maculata) from the
trawl survey. Note that as all winter whiting were retained (rather than sub-sampled), this
represents the sum total of all of this species taken in the course of 48 x 1 nautical mile
trawl shots with two nets.

The frequency distribution was unimodal, suggesting that either the earlier age classes
were absent from the study area in Grid V33, or the selectivity of the trawl gear was
such as to allow fish smaller than 18 cm to escape through the meshes.

Analyses of the effects of codend treatment type indicate that it is unlikely that the
total biomass of winter whiting was affected by the presence or otherwise of the TED
or the BRD. There is a possibility that these devices may have had some effect on the
size composition of the whiting bycatch, but this has not yet been tested. It is also
possible that there is some size segregation between shallower and deeper trawl sites,
but this likewise has not been examined.
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8.4.9 Estimation of changes in winter whiting bycatch

The CFISH logbook data showed that there has been a marked reduction in the
number of fishing operations during April and May in the whole of Grid V33 over the
period 1998 to 2002. Because of the high proportion of CFISH records in which the
level of spatial precision did not allow effort or catch to be attributed directly to the
area inside or outside the SHBTC, the allocation was done on a proportional basis. As
a result of this process, total effort in the closure area during April and May was
estimated in each of the five years from 1998 to 2002. There was a marked decline
over this period, although of only marginal statistical significance. There was no
evidence of a consistent decrease in whiting catch over the latter three years of this
period (2000-02).

Actual reports of whiting catches (winter whiting and unspecified whiting combined)
indicated levels of catch in the first two years of the five-year period of slightly over
1.0 t in the closure area (almost all reported as unspecified whiting), and about 1.5 t in
the year 2000 (all reported as winter whiting). There were no reports of either of these
categories in the closure area (during April and May) in either 2001 or 2002. It is
likely that the 2002 data are incomplete on the CFISH database, but even so, because
winter whiting were removed from the permitted species list in October 2000, this is
not entirely surprising.

The VMS data, while exceedingly accurate and precise in terms of interrogation
position (in contrast to the CFISH data), were difficult to interpret. One of the main
reasons related to the proximity of the study area to a major port, and the associated
likelihood that a great number of the interrogation records would relate to vessels that
were in transit rather than actually fishing. By applying a number of decision-rules the
large initial data set was filtered objectively to a relatively small subset of records
which probably (though certainly not definitely) related to vessels in the process of
fishing. From this three-year subset (the first VMS data came online in the year 2000)
we deduce that there has been a decrease in the level of fishing effort between 2000
and 2002. However, the linear regression fitted through these (three) points was not
statistically significant. It is of interest that the pattern of fishing effort between the
three years was similar for the CFISH and VMS data, even though they are quite
distinct measures of effort.

The independent survey, using trawl gear and configurations consistent with those
employed by commercial vessels in the area, showed that winter whiting abundance
(at least at the time of the survey) was considerably greater inside the closure area
than outside (and within the bounds of Grid V33). Bycatch reduction devices and
turtle excluding devices typical of those in use by the local fleet had no effect of the
catch (weight) of winter whiting. This indicates that (in all probability) the
introduction of these devices has had little ameliorating effect on winter whiting
mortality levels.

The removal of winter whiting from the permitted species list (in 2000) has led to a
substantial reduction in the retention of this species for sale, and has certainly resulted
in a complete absence of reported catches in subsequent years.

Assuming that (as a result of the regulation change in 2000) no vessels were actually
targeting winter whiting in the subsequent years, the change in whiting catch in the
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closure area would be due simply to changes in effort. Again assuming that the mean
catch rate (0.81 kg of winter whiting per nautical mile) inside the SHBTC (from the
trawl survey) applied right throughout the April-May period, and that the number of
VMS interrogations (Table 8.4.3) is a measure of fishing time, the catch of whiting
could be approximated as follows:

1 hour of trawling at 3.5 knots = 3.5 nautical miles
3.5 x 0.81 = 2.835 kg whiting per hour per net
2 X 2.835 = 5.67 per (2-net) rig per hour

Thus the estimated annual April-May catches in the SHBTC (based on the VMS data
in Table 8.4.3) over the three-year period would be :

2000: 77 x5.67 =437 kg
2001: 24 x5.67 = 136 kg
2002: 35x5.67 =198 kg

The figure for the year 2000 (437 kg) is only about 40% of that derived from the
logbook reports for the same year (1175 kg). If the reported figure for 2000 is
assumed to be correct, the figures for 2001 and 2002 could be pro-rated up to 340 kg
and 495 kg respectively.

However, these minor adjustments do not significantly alter the main findings that
over the period from 2000 to 2002 it seems highly likely that there has been a
reduction in fishing effort, and almost certainly a substantial reduction in the bycatch
of winter whiting. This is more attributable to the removal of winter whiting from the
permitted species list than to the introduction and uptake of bycatch reduction devices
in this component of the trawl fishery.
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9 Evaluating the effects of a turtle excluder device (TED) and
square mesh codend bycatch reduction device (BRD) in
Queensland’s deepwater eastern king prawn (Penaeus plebejus)
trawl fishery

A. J. Courtney, M. J. Campbell, M. L. Tonks D. P. Roy, S. W. Gaddes, P. M. Kyne
and K. E. Chilcott

9.1 ABSTRACT

This chapter described the bycatch and quantified the effects of a turtle excluder
device (TED) and square mesh codend bycatch reduction device (BRD) on the catch
rates of bycatch and targeted prawns in the deepwater eastern king prawn fishery off
the south-east Queensland coast, based on a 10-day research charter. A total of 227
taxa were recoded in the bycatch from the charter. Dominant species were gurnards,
flatheads, sandpaper fish, hermit and charybdid crabs, sand dollars (Echinoids;
Peronella sp.), dragonets, snipefish, carids and lizardfish. Bycatch rates were low
(1.19 kg ha™* from the standard net) compared to the shallow water eastern king prawn
fishery (Chapter 5), mainly because of the greater depths (110-165 m) trawled. When
the TED and square mesh codend BRD were used together the mean bycatch rate
declined significantly by 29% compared to the standard net, with no effect on the
targeted prawn catch rate. Mean catch rates of the commercially important lobster
Ibacus chacei (Balmain bugs) were significantly reduced by the TED. Large
statistically significant reductions were demonstrated for several species when both
devices were installed in the net, including the dumpling squid Euprymna tasmanica
(87% reduction), snipefish Macrorhamphosus scolopax (80% reduction), sandpaper
fish Aulotrachichthys sp. (77% reduction), carid Plesionika laurentae (66% reduction)
and flathead Ratabulus diversidens (45% reduction), with most of these reductions
largely attributed to the square mesh codend BRD. Multidimensional scaling and
analysis of similarities showed that the bycatch community structure varied with
latitude and depth, but not with codend treatment type. Based on the results, we
recommend that fishers adopt square mesh codends in the deepwater eastern king
prawn fishery as a highly effective BRD that results in no loss of the targeted prawns.

9.2 INTRODUCTION

The eastern king prawn fishery is one of the largest sectors of the Queensland East
Coast Trawl Fishery. In recent years the reported catch and effort directed at the
sector have increased and it is currently the single most valuable fished species in
Queensland, generating about $30 million annually. Eastern king prawns are the
largest endemic Australian penaeid prawn and can undertake significant migrations
which can exceed 1000 km, generally in a northerly direction. As such the fishery
extends over a very large geographic range, further offshore and to greater depths
(300-350 m) than most other Australian penaeid prawn fisheries.

In Queensland, management measures for the eastern king prawn fishery include
seasonal closures and gear restrictions that are based on depth (i.e., waters that are
either less than or greater than 50 fathoms, fm) and reflect the large spatial variation
in size and age classes. Trawl nets that operators can use in depths greater than 50 fm
(about 91 m) are large, up to 184 m total length or about 92 m head rope length. The
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catch rate of bycatch in prawn traw! fisheries reduces with depth (see Stobutzki et al.,
2001) and so the amount of bycatch produced in the deepwater and its composition
are likely to differ significantly from the shallow water fishery. Furthermore, the size
of the prawns in the deepwater (> 50 fm) is generally much larger than in the shallow
water (< 50 fm). All of these biological and management characteristics should be
considered when developing appropriate bycatch reduction devices for the fishery.

Chapter 5 presented results from a research charter conducted in the shallow water
eastern king prawn fishery in October 2001 that examined the effects of a radial
escape section BRD and TED. When used together the devices were effective at
reducing large amounts of demersal and pelagic finfish with fusiform body shape,
which comprised a large component of the bycatch. In this chapter we present results
from a research charter conducted in the deepwater sector of the fishery that evaluated
a square mesh codend BRD that was tested in conjunction with a TED. We chose to
test a square mesh codend because previous research in the deepwater fishery had
shown that the size of the finfish bycatch is generally smaller than the size of the large
targeted adult eastern king prawns. As such, we suspected that a square mesh codend
BRD would be effective at facilitating the escapement of many of the small fish
species while retaining the large prawns.

9.3 METHODS
9.3.1 Research charter and codend treatments

The square mesh codend BRD and TED were evaluated by undertaking the project’s
third research charter in July 2002 in the deepwater (greater than > 50 fathoms)
eastern king prawn fishery aboard the commercial trawler, FV Elizabeth G, over 10
nights. The charter was conducted in the area between Noosa and Southport, in depths
from 60 to 90 fathoms (110-165 m). Trawling was undertaken on known trawl tracks
obtained from commercial vessels and located in areas that traditionally receive
relatively high levels of effort in July, based on analysis of logbook data. This reduced
the chance of hook-ups and ensured that the samples were from areas that were
representative of commercial fishing areas (Figure 9.3.1).

Each trawl was two nautical miles in length and along a relatively straight track to
ensure that both outside nets swept similar areas along the bottom. Although there is
considerable effort in the northern area of the fishery (i.e., around the Swain Reefs
region), it was deemed too costly to steam the vessel from the port of Scarborough to
the Swain Reefs and return (rather than spend the fuel and time trawl sampling) and
therefore sampling was limited to the area between Noosa and Southport.

Three 12-fathom, two-seam Florida Flyers were used in triple-gear configuration with
different combinations of the TED and square mesh codend BRD tested in the two
outside nets (port and starboard) on each trawl shot. Because the middle net is likely
to fish differently from the port and starboard nets, it was not included in the design or
the results (although catches from the middle net were measured along with the port
and starboard nets).

The square mesh codend BRD (Figure 9.3.2) was constructed out of 3 mm braided

polyethylene with a mesh size of 47 mm (17/8 inch). The square mesh section was 66
bars round and 76 bars long. It was sewn onto the aft edge of a diamond mesh codend
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that was constructed from 45 mm (1% inch) 48-ply polyethylene that was 100 meshes
round and 60 meshes long. A small section of diamond mesh, 100 meshes round and

3 meshes long, was sewn to the aft edge of the square mesh section so that the

drawstrings could be attached in the normal manner. A length of 12 mm polyethylene
rope was selvedged along two sides of the square mesh section to take the weight of
the accumulated catch, thereby reducing any distortion of the mesh and knot slippage.
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Figure 9.3.1. Location of the 65 two-nautical mile trawls undertaken during the 10-night

charter in July 2002. Depths ranged from 60 to 90 fathoms (110-165 m).
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Figure 9.3.2. The square mesh codend BRD that was evaluated during the deepwater eastern
king prawn charter was constructed from 17/8 inch black braided polyethylene. The square
mesh section was 66 bars round and 76 bars long. Note that a short section of diamond mesh
was added to the aft edge of the square mesh so that the drawstrings could be attached in the
normal manner. The rope was added to reduce knot slippage.

The TED used throughout the survey was a modified Wick’s TED, popular in south-
east Queensland. The grid was 69 cm wide and 84 cm high, with a bar-space of 12
cm, sewn into a codend extension at 52°. The standard codend was constructed from
45 mm (1% inch), 48-ply polyethylene and was 100 meshes long by 100 meshes
round.

Sixty-five sites were trawled over 10 nights. Trawl speed was approximately 2.1
knots, with average trawl duration being 57 minutes. At the completion of each shot, a
different combination of codend types was sewn onto the port and starboard nets,
based on a predetermined sampling design protocol. This ensured that each
combination of codend treatments was tested on both sides of the vessel with equal or
very similar replication. The number of times each codend type was trawled is
provided in Table 9.3.1.

Table 9.3.1. The number of times each codend type was sampled during the deepwater
eastern king prawn charter.

Codend Type Number of shots
Standard codend 32
Square mesh codend only 32
Modified Wick’s TED only 33
Modified Wick’s TED and Square mesh codend together 33

9.3.2 Measuring and sampling the catch

Methods for weighing and sorting the catch, obtaining a sub-sample of the bycatch
from each net and estimating catch rates are the same as those described in Chapter 5,
section 5.3.3. All prawns and byproduct species including Balmain bugs, cuttlefish,
pinkies (nemipterid fish) and octopus were retained for later analysis in the laboratory.
If the bycatch from each net did not exceed 10 kg, then it was completely retained for
later analysis. However, if more than 10 kg of bycatch was caught, then a maximum
10 kg sub-sample was retained.
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9.3.3 Statistical design and analysis

The sampling design and statistical methods used for analysing the data were very
similar to those described for the shallow water eastern king prawn charter (Chapter 5,
section 5.3.5). Because only two of the three nets were sampled at each site
simultaneously an incomplete block design (Montgomery, 1997) was applied, with
site as a blocking term. Generalised linear modelling (GLM) using GenStat (2005)
statistical software was used to examine the variation in catch rates of bycatch (both
total bycatch and individual bycatch species) and marketable eastern king prawns, and
variation in the mean length of bycatch species. Models took the following general
form:

U= [)’0 + ,Bl(TraWI S|te1_ 65) + ﬂz(Net posmonl_ 2) + ﬂg (Codend type1_4) +e

where U was the predicted mean catch rate of bycatch weight, individual bycatch
species weight or marketable prawns, or length of a bycatch species, n was the
number of sites trawled, #, and g, were scalar parameters that were estimated, and
and fs were vector parameters that were estimated and ¢ was the error term. Only
estimates of f5 are presented as this parameter quantifies the effects of the different
codend types. For purposes of interpretation, the 3 parameter estimates were
proportionally scaled so that they could be compared against a standard codend
parameter value of 1.0. Effects on the mean length of bycatch species were examined
using the methods described in Chapter 5, section 5.3.5.

Multidimensional scaling (MDS) was used to examine variation in the bycatch
community structure due to latitude, depth and codend type. The statistical software
package PRIMER (Plymouth Routines in Multivariate Ecological Research) by
Clarke and Warrick (1994), was used to undertake the analyses. A Bray-Curtis
similarity matrix (Bray and Curtis, 1957) was used to examine the similarity between
each pair of samples and based on standardised catch rates of individual species in
each sample (grams per hectare; g ha™®). Further details of MDS methods are provided
in Chapter 5, section 5.3.5. To reduce the number of factor levels, depths were
rounded to the nearest 10 m and latitude to the nearest 0.5 degree.

9.3.4 Bycatch species catch rates and statistical power

Power analysis was undertaken using the mean predicted catch rates of the bycatch
species and the variance estimates derived from the generalised linear models. This
was undertaken to determine whether changes in bycatch species catch rates could be
detected if a bycatch monitoring program was implemented. The same methods and
possible monitoring program scenarios (i.e., 30 trawls and 300 trawls) that were used
to undertake the power analysis in Chapter 6, section 6.3.5 were applied.

9.4 RESULTS
9.4.1 Effects on bycatch and prawn catch rates

The observed mean bycatch catch rate from the standard codend was 1.19 kg ha™
(Table 9.4.1). When the square mesh codend BRD and TED were used together the
bycatch catch rate fell significantly by 29% (f#5 estimate of 0.71, P < 0.01, Table
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9.4.1). Most of the reduction in bycatch was due to the square mesh codend (f3
estimate of 0.82, Table 9.4.1), as the TED by itself had no significant effect (£
estimate of 1.03, Table 9.4.1).

Over the 10 nights, 4685 eastern king prawns were caught with a mean carapace
length of 42 mm, which equates to a U/11 count prawn. The carapace lengths ranged
from 27 mm (U/38 count) to 72 mm (U/2 count). Codend types had no significant
effect on the mean catch rate of prawns (Table 9.4.1) or their length-frequency
distributions (Figure 9.4.1), compared to the standard net. Mean prawn size was the
same (42 mm CL) for all codend types. Note that because the charter was conducted
in deepwater (i.e., 110-165 m) there were no small prawns caught — all size classes
were relatively large and marketable.

Table 9.4.1. Effects of codend type on the catch rates of bycatch and eastern king prawns
based on 130 measures (65 sites trawled x 2 nets). Generalised linear modelling was used to
quantify the effects. Significant differences between codends (P < 0.05) are bolded and
identified by different alphabetic characters (A, B, C or D). Parameter estimates were
proportionally scaled so they can be compared to a standard net parameter value of 1.
Standard errors in brackets.

Predicted change in catch rates based on
generalised linear model parameter estimates

ol;\;l :ﬁ/ne d (proportionally scaled to a Standard net
Catch component  catch rate (k parameter value of 1) Distribution
P _N g Square mesh type
ha™) in Square mesh codend BRD
Standard net TED only code:r?I BRD and TED
y together
'(\I"Zrkjltf‘g:zvf’l;as‘;"“s 025(0.03) A 106(0.02)A 100(002)A 097 (002)A N (Sqr)
Total Bycatch 1.19(0.22) A 1.03(0.10)A 0.82(0.08)B  0.71(0.07)B Gamma
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9.4.2 Effects on Balmain bugs (Ibacus spp.)

Figure 9.4.1 Carapace length frequency
distributions for prawns caught in each
codend type during the deepwater
eastern king prawn charter. There was
no significant difference in the catch rate
or size frequency of prawns caught
between the four codend types. Each
codend type had the same average prawn
size.

Generalised linear modelling was carried out, using a Poisson distribution and
logarithm link function, on the catch rate of Balmain bugs Ibacus chacei caught
during the charter. While this species is not targeted by the fleet, it is a commercially
valuable byproduct of the eastern king prawn fishery. The Wick’s TED reduced the
catch rate of Balmain bugs significantly compared to the standard net and the square
mesh codend. There was no significant difference in the catch rates of Balmain bugs
between the square mesh codend and the standard net, nor was there a significant
difference between the square mesh codend and TED combination and the standard
net. Further, the different combinations of TEDs and BRDs had no significant effect
on the catch rate of cuttlefish, which are another important byproduct (i.e., permitted
species) of the fishery.
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Figure 9.4.2. Predicted catch rates of Balmain bugs I. chacei per two nautical mile trawl
based on 130 (65 sites x 2 nets) observations obtained during the deepwater eastern king
prawn charter. Codends with the TED significantly reduced catch rates, particularly for the
larger size classes.

9.4.3 Effects on individual bycatch species

A total of 227 taxa were recorded in the charter bycatch. Seven taxa made up 50% of
the bycatch weight and 40 taxa made up 90%. The three-spined cardinal fish
(Apogonops anomalus) was the most dominant species by weight and comprised
13.5% of the bycatch, followed by the orange-freckled flathead (Ratabulus
diversidens, 10.4%), the gurnard (Lepidotrigla argus, 8.5%), the orangemouth
lizardfish (Saurida filamentosa, 5.7%), the Queensland stinkfish (Callionymus
moretonensis, 3.9%), whitefin trevally (Carangoides equula, 3.6%) and the yellow-lip
threadfin bream (Nemipterus aurifilum, 3.6%).

A complete list of 346 taxa that the project recorded in bycatch from the deepwater
eastern king prawn fishery, and their catch rates, is provided in Appendix 5. The list
includes the 227 species recorded from the research charter and additional species that
were recorded in samples obtained opportunistically from vessels operating the sector.

Most species in the bycatch from the research charter were relatively rare or
uncommon in the bycatch. For example, 70% of species (159 taxa) were present in
fewer than 10% of samples. Only 12 taxa were present in more than 50% of samples
and 66 taxa were present in only one bycatch sample. Because of the high zero counts,
analyses of codend type effects on catch rates were limited to the more common
species. Analyses were carried out on 40 taxa that comprised 90% of the weight of
bycatch from the standard net, and of these 15 (38%) species experienced a significant
reduction in catch rate due to the TED, square mesh codend BRD or both (Table
9.4.2). The largest reduction (i.e., 87%) was achieved for the southern dumpling squid
Euprymna tasmanica (5 estimate of 0.13, Table 9.4.2), which was almost entirely
excluded by the square mesh codend. The snipe fish Macrorhamphosus scolopax had
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the second largest reduction of 80% (5 estimate of 0.20, Table 9.4.2) followed by a
77% reduction for the sandpaper fish Aulotrachichthys sp. (f5 estimate of 0.20, Table
9.4.2) — both of which were largely due to the square mesh codend. In general, the
TED had relatively little effect with the exception of the orange-freckled flathead R.
diversidens, where the TED (by itself) reduced catch rates by 43% and the square
mesh codend reduced catch rates by 26%.

9.4.4 Effects on mean length of bycatch species

The codend effects on mean length were examined for 40 species (Table 9.4.3).
Sixteen species were found to have a significant change in mean length due to the
TED, square mesh codend BRD or both. In nets with the square mesh codend and
TED together, an increase in mean size was obtained for 13 of the 16 species. The
largest predicted increase was obtained for the beaked salmon Gonorynchus greyi,
which increased from a mean length of 211.90 mm in the standard net to 281.50 mm
in the net with the square mesh codend. In general, the analyses indicated that a) many
of the small individuals escaped via the large square meshes, resulting in an increase
in mean size of those retained in the codends, and b) the TED had relatively little
impact on mean size.
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Table 9.4.2. Effects of codend type on the catch rates of the commonly encountered bycatch species in the deepwater eastern king prawn fishery based on 130
bycatch sub-samples (65 sites trawled x 2 nets). Generalised linear modelling was used to quantify the effects. Significant differences between codends (P <
0.05) are bolded and identified by different alphabetic characters (A, B, C or D). Parameter estimates were proportionally scaled so they could be compared to
a standard net parameter value of 1. Values for the binomial data (B) are probabilities of capture. Standard errors in parentheses.

Occurrence (%) Change in catch rates based on generalised linear model

in 130 sub- Mean observed Predicted predictions
samples catch rate probability of Square mesh TED with Square
(65 trawls x 2 (g ha™) capture in codend BRD mesh codend Distribution

Species nets) Standard net Standard net TED only only BRD together type
Lepidotrigla argus 87 88.34 (26.30) * 1.31 (0.20) 1.01 (0.18) 0.73 (0.12) G
Ratabulus diversidens 85 118.62 (24.56) A * 0.57 (0.14) B 0.74 (0.19) AB 0.55(0.14) B N(log)
Calliactus sp. 70 6.89 (1.63) * 0.55 (0.21) 0.69 (0.30) 0.47 (0.18) G
Charybdis bimaculata 69 16.66 (6.68) * 1.04 (0.26) 0.87 (0.20) 0.90 (0.22) G
Dardanus arrosor 64 10.72 (3.22) * 0.27 (0.18) 0.44 (0.29) 0.30 (0.20) G
Peronella sp. 56 * 0.61 (0.02) 0.51 (0.03) 0.54 (0.05) 0.57 (0.03) B
Callionymus moretonensis 52 51.62 (21.61) * 0.52 (0.19) 0.65 (0.25) 0.49 (0.18) N(log)
Aulotrachichthys sp. 51 5.55 (1.49) A * 1.54 (0.47) A 0.28 (0.08) B 0.23 (0.07) B N(log)
Macrorhamphosus scolopax 51 18.30 (8.03) A * 0.88 (0.22) A 0.21 (0.05) B 0.20 (0.06) B G
Plesionika laurentae 50 17.58 (6.72) A * 0.67 (0.15) AB 0.43 (0.09) BC 0.34 (0.07) C N(log)
Kempina mikado 46 13.96 (3.46) * 1.43 (0.52) 0.97 (0.32) 0.63 (0.28) G
Solenocera choprai 43 13.59 (5.49) * 1.02 (0.34) 0.90 (0.25) 0.68 (0.25) G
Saurida filamentosa 39 * 0.38 (0.05) A 0.51 (0.03) B 0.32 (0.06) A 0.27 (0.05) A B
Aulopus curtirostris 37 10.13 (3.38) A * 1.00 (0.22) A 0.35(0.08) B 0.40 (0.09) B N(log)
Euprymna tasmanica 36 6.15 (3.30) A * 0.91 (0.38) AB 0.16 (0.07) B 0.13(0.06) B N(log)
Leptomithrax weitei 32 22.34 (9.10) * 0.35 (0.29) 0.34(0.31) 0.32 (0.19) G
Stelletta sp. 32 14.58 (6.53) * 0.44 (0.21) 0.87 (0.41) 0.97 (0.61) G
Chelidonichthys kumu 31 10.73 (3.54) * 0.56 (0.24) 1.16 (0.32) 1.49 (0.57) G
Lophiomus setigerus 31 5.65 (2.10) * 3.03 (0.60) 1.36 (0.20) 2.17 (0.46) G
Carangoides equula 29 95.48 (85.88) * 0.89 (0.28) 1.31 (0.43) 0.80 (0.26) N(log)
Neosebastes incisipinnis 29 * 0.35(0.02) A 0.26 (0.02) B 0.30 (0.03) AB 0.22 (0.02) B B
Priacanthus macracanthus 29 23.47 (7.22) * 0.71 (0.24) 0.73(0.22) 0.80 (0.28) G
Gonorynchus greyi 28 13.47 (4.02) * 5.20 (5.25) 6.30 (7.18) 2.81 (3.55) G
Gnathophis grahamii 26 * 0.41 (0.02) A 0.34 (0.05) A 0.13 (0.04) A 0.10 (0.03) B B
Dactyloptena papilio 25 7.60 (4.94) * 0.46 (0.51) 0.54 (0.38) 0.76 (0.59) G
Dentex spariformis 22 17.59 (16.23) * 1.40 (0.65) 0.66 (0.51) 0.48 (0.38) G
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Occurrence (%)

Change in catch rates based on generalised linear model

in 130 sub- Mean observed Predicted predictions
samples catch rate probability of Square mesh TED with Square
(65 trawls x 2 (g ha™) capture in codend BRD mesh codend Distribution

Species nets) Standard net Standard net TED only only BRD together type
Apogonops anomalus 20 137.28 (88.54) A * 0.99 (0.18) A 0.52 (0.10) B 0.59 (0.11) B N(log)
Dipturus polyommata 19 * 0.17 (0.08) 0.14 (0.03) 0.24 (0.05) 0.22 (0.04) B
Trachurus novaezelandiae 17 6.50 (4.20) * 0.34 (0.15) 0.58 (0.19) 0.60 (0.22) G
Glaucosoma scapulare 15 * 0.28 (0.08) A 0.12 (0.06) AB 0.13 (0.06) AB 0.06 (0.04) B B
Charybdis miles 14 5.72 (3.31) * 1.72 (2.65) 0.84 (1.06) 2.39 (6.00) G
Lagocephalus inermis 12 8.04 (4.69) * 1.02 (0.12) 1.16 (0.15) 0.97 (0.12) N(log)
Parapercis sp. A 11 13.39 (7.93) A * 0.98 (0.15) A 0.68(0.11) B 0.77 (0.12) AB N(log)
Saurida grandisquamis 10 23.27 (14.37) AC * 0.86 (0.08) A 0.80 (0.08) B 1.08 (0.11) C N(log)
Macrorhamphosus molleri 10 21.75 (15.10) * 0.98 (0.10) 0.84 (0.09) 0.83 (0.09) N(log)
Asymbolus rubiginosus® 9 * 0.42 (0.003) A 0.42 (0.002) A 0.02 (0.00003) B 0.02 (0.0001) B B
Thamnaconus hypargyreus 9 * 0.13 (0.06) 0.06 (0.04) 0.06 (0.04) 0.06 (0.04) B
Zeus faber 8 * 0.13(0.02) A 0.02 (0.02) B 0.13(0.03) AB 0.04 (0.05) AB B
Galeus boardmani 7 * 0.05 (0.0.03) 0.06 (0.04) 0.07 (0.03) 0.07 (0.02) B
Nelusetta ayraudi 6 6.63 (6.63) * 1.05 (0.09) 1.00 (0.08) 1.07 (0.09) N(log)

The significant difference and predicted probabilities of capture for this species are questionable, possibly due to a poor model-fit and should be interpreted with caution.
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Table 9.4.3. Predicted mean length (mm) of bycatch species from the four codend types based on 130 sub-samples of bycatch (65 sites trawled x 2 nets).
Generalised linear modelling was used to estimate the means using a normal distribution with identity link function. Significant differences between codends
(P < 0.05) are bolded and identified by different alphabetic characters (A, B, C or D). Standard errors in parentheses.

Predicted mean length

Number of Square mesh Square mesh
individuals codend BRD codend BRD and
Species measured Standard net TED only only TED together
Lepidotrigla argus 1162 89.19 (2.22) A 95.11 (2.15) AB  101.07 (2.26) BC  102.07 (1.99) C
Ratabulus diversidens 778 196.39 (2.60) AC  190.53 (2.58) A 208.61 (2.79) B 199.10 (2.61) C
Plesionika laurentae 733 15.45 (0.15) 15.15 (0.19) 15.62 (0.17) 15.34 (0.20)
Callionymus moretonensis 711 105.59 (1.13) A 108.07 (1.25) A 116.64 (1.23) B 113.64 (1.20) B
Peronella sp. 545 66.30 (1.68) 67.42 (1.36) 66.87 (1.53) 68.27 (1.65)
Charyhdis bimaculata 474 36.90 (0.48) 36.82 (0.53) 37.78 (0.46) 37.32 (0.70)
Macrorhamphosus scolopax 456 88.50 (0.89) 90.43 (0.93) 91.20 (1.25) 90.54 (1.47)
Aulotrachichthys sp. 382 53.02 (0.61) A 53.41 (0.52) A 62.66 (2.41) B 65.12 (2.52) B
Calliactus sp. 379 34.59 (1.52) A 31.58 (1.70) AB 28.62 (1.77) B 30.20 (1.59) AB
Solenocera choprai 377 22.79 (0.28) A 23.34 (0.43) AB 24.42 (0.37) B 24.44 (0.61) B
Apogonops anomalus 286 88.85 (1.25) A 96.66 (1.19) B 107.79 (2.66) C 102.84 (1.20) C
Aulopus curtirostris 262 84.58 (1.54) A 89.07 (1.45) A 100.31 (8.46) AB 102.59 (5.99) B
Stelletta sp. 236 35.45 (1.01) A 29.74 (1.75) B 32.66 (1.43) AB 32.40 (2.04) AB
Euprymna tasmanica 227 17.13 (0.51) A 19.35 (0.46) B 18.66 (0.86) AB 19.21 (1.67) AB
Kempina mikado 203 36.08 (0.90) 39.03 (1.18) 37.49 (0.95) 37.19 (1.06)
Dardanus arrosor 177 27.91 (2.89) 26.07 (3.06) 22.80 (2.74) 19.42 (2.99)
Parapercis sp. A 174 85.14 (2.45) AC  85.03(2.54) AC  120.28(10.58) B 83.36 (12.80) C
Saurida filamentosa 163 228.34 (11.92) 233.05 (8.81) 262.41 (11.39) 251.32 (23.66)
Trachurus novaezelandiae 154 154.48 (3.90) 153.10 (3.23) 157.20 (1.41) 154.85 (1.78)
Macrorhamphosus molleri 149 108.54 (1.85) 108.60 (2.65) 111.43 (1.75) 109.26 (2.23)
Dentex spariformis 145 76.16 (2.84) A 85.10 (2.35) B 80.72 (3.38) AB 81.51 (2.91) AB
Priacanthus macracanthus 129 171.66 (4.12) 171.61 (4.47) 167.67 (2.78) 167.67 (2.80)
Carangoides equula 127 127.94 (2.59) A 128.61 (2.88) A 134.35(3.38) AB 142.03 (4.87) B
Dactyloptena papilio 89 103.35 (4.76) 104.30 (5.65) 102.14 (4.98) 108.35 (4.04)
Leptomithrax weitei 77 105.32 (6.82) A 76.86 (10.49) B 83.38(7.12) B 83.04(3.94)B
Gonorynchus greyi 77 211.90 (24.60) AB  238.60 (10.80) A  281.50 (15.60) B 278.10 (17.40) B
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Predicted mean length

Number of Square mesh Square mesh
individuals codend BRD codend BRD and
Species measured Standard net TED only only TED together

Neosebastes incisipinnis 71 101.99 (4.88) 89.69 (8.46) 104.96 (4.80) 105.63 (6.28)
Chelidonichthys kumu 70 187.81 (6.34) 197.92 (6.33) 186.11 (3.80) 189.16 (3.62)
Gnathophis grahamii 60 267.36 (9.60) 261.84 (14.38) 267.36 (9.60) 267.36 (9.60)
Lophiomus setigerus 53 123.16 (9.70) AB  125.38 (6.34) AB  119.16 (5.20) A 140.81 (7.71) B
Charybdis miles 50 51.14 (5.02) 62.66 (6.29) 54.27 (5.64) 69.99 (12.51)
Saurida grandisquamis 28 316.70 (34.20) 328.90 (81.40) 271.40 (119.10) 373.90 (28.60)
Lagocephalus inermis 27 130.60 (13.30) 115.50 (17.50) 105.00 (20.90) 181.70 (21.60)
Dipturus polyommata 23 257.30 (26.20) * 142.30 (54.20) 381.30 (38.30)
Thamnaconus hypargyreus 23 133.54 (6.13) 136.04 (9.44) 126.88 (5.72) 122.88 (6.98)
Glaucosoma scapulare 22 175.55 (5.29) 186.98 (6.72) 201.98 (13.60) 175.55 (5.29)
Asymbolus rubiginosus 20 * * 471.88 (36.81) 447.63 (7.24
Nelusetta ayraudi 12 439.20 (23.10) 405.80 (23.10) 439.20 (23.10) 439.20 (23.10)
Galeus boardmani 11 * *

486.40 (24.10) 426.40 (11.00)
Zeus faber 10 * * * *

*Too few individual measures for the model to predict means.
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9.4.5 Bycatch species catch rates and power analysis

The power to detect change in bycatch species catch rates was examined for species
whose catch rates conformed to gamma or binomial distributions. The results indicate,
as predicted, the power to detect a change increases with a) decreasing variance for
gamma-distributed species, and b) increasing probability of capture for binomial-
distributed species (Figure 9.4.3).
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Figure 9.4.3. The power to detect change in bycatch species catch rates in the deepwater
eastern king prawn fishery. Examples are provided for relatively small (40% reduction) and
large changes (80% reduction) for species whose catch rates conform to either a gamma or
binomial distribution. Two possible monitoring programs were considered, one based on 30
trawl samples and one based 300.

For gamma-distributed species, a monitoring program based on 300 trawl samples
could detect a 40% change in catch rate with a power of 0.8 if the variance was about
1.0 or less. The variance would have to be significantly less, around 0.4-0.5, if a 30-
trawl sample program was used. Both sampling programs could confidently detect an
80% change in catch rates, for the entire range of variances considered. For binomial-
distributed species, a monitoring program based on 300 samples could detect a 40%
decline in catch rate with a power of 0.8 if the probability of capture was about 0.7 or
higher. If only 30 samples were used the probability of capture would have to be
about 0.8 or above. If an 80% change in catch rate was to be used as the reference
point, then the probability of capture would have to be about 0.5 or higher to detect
the change at a power of 0.8 for a 300-sample program. If only 30 samples were used
the probability of capture would have to be above about 0.75.
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9.4.6 Effects on bycatch community structure

MDS was carried out using all 130 samples and the catch rates of 101 taxa that were
present in 5% or more of the samples. The resulting stress value was 0.17 for a three-
dimensional ordination. Analysis of similarities (ANOSIM procedure in PRIMER)
revealed that bycatch assemblages differed significantly between depths (global R =
0.311, P < 0.001, Figure 9.4.4), with the largest R-statistic (i.e., greatest difference =
0.777) between the 110 m (shallowest) and the 150 m depth categories. Species that
contributed 90% of the dissimilarity are listed in Table 9.4.4. It is noteworthy that
almost half (42 out of 90) were completely absent from one or other depth categories.
The shallowest (110 m) and deepest (170 m) categories had the second highest R-
statistic of 0.728.

Depth effects on the bycatch community structure in the deepwater
eastern king prawn fishery

A 170

V 160
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Figure 9.4.4. MDS of the deepwater eastern king prawn fishery bycatch showing groupings
based on depth (global R = 0.311). Legend refers to depth (m).

106



Effects of square mesh codend BRDs in the deep water eastern king prawn fishery

Table 9.4.4. Species that contributed 90% of the dissimilarity between the shallowest (110 m) and 150 m depth groups in the deepwater (> 50 fm) eastern
king prawn fishery bycatch. These two groups had the highest level dissimilarity (R-statistic = 0.777). Note the large number of species that were completely
absent from one or other depth category.

Species/Taxa 110 m depth group 150 m depth group Average Dissimilarity/Standard Contribution to %
mean catch rate mean catch rate dissimilarity deviation dissimilarity % Cumulative
(g ha™ (g ha™ dissimilarity

Nemipterus theodorei 98.67 0 1.87 1.61 2.48 2.48
Saurida grandisquamis 214.78 7.01 1.75 0.98 2.32 4.8

Saurida filamentosa 294.99 40.14 1.74 1.07 231 7.11
Peronella sp. 6.42 60.24 1.67 1.59 2.21 9.32
Rubble 11.7 101.37 1.64 211 2.17 11.49
Prionocidaris sp. 75.49 0.68 1.62 1.94 2.14 13.64
Astropecten sp. 24.77 0.85 1.51 3.48 2 15.64
Callionymus moretonensis 66.18 3.57 1.38 1.85 1.83 17.47
Leptomithrax weitei 0.29 37.98 1.38 0.94 1.83 19.31
Dactyloptena papilio 54.99 0.86 1.38 1.33 1.83 21.13
Unidentified Sponge 38.03 3.67 1.37 1.5 1.81 22.95
Neosebastes incisipinnis 12.52 0 1.36 6.45 1.81 24.75
Nemipterus aurifilum 173.37 47.47 1.29 1.11 1.7 26.46
Parapercis sp. A 96.34 0 1.28 0.98 1.7 28.16
Portunus argentatus 44.87 0 1.21 1.28 161 29.77
Tetrosomus concatenatus 47.14 0 12 0.98 1.59 31.36
Kempina mikado 0 15.99 1.17 0.96 1.55 3291
Ratabulus diversidens 69.2 121.42 1.12 151 1.48 34.39
Dardanus arrosor 0.65 9.12 1.09 1.58 1.44 35.83
Lepidotrigla argus 207.97 65.9 1.08 1.18 1.44 37.27
Charybdis bimaculata 46.41 2.39 1.07 1.53 1.42 38.69
Gnathophis grahamii 23.87 2.86 1.05 1.37 1.39 40.08
Stelletta sp. 0 14.74 1.04 1.11 1.38 41.46
Antennarius striatus 7.83 0.41 0.92 1.62 1.22 42.68
Sympagurus sp. 0 1.58 0.9 2.26 1.19 43.87
Carangoides equula 22.79 0 0.9 0.99 1.19 45.06
Gonorynchus greyi 0 22.08 0.87 0.72 1.15 46.21
Macrorhamphosus scolopax 0 4.64 0.85 1.16 1.12 47.34
Uranoscopus terraereginae 20.51 2.86 0.84 0.96 111 48.45
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Species/Taxa 110 m depth group 150 m depth group Average Dissimilarity/Standard Contribution to %
mean catch rate mean catch rate dissimilarity deviation dissimilarity % Cumulative
(g ha™ (g ha™ dissimilarity
Charybdis miles 18.91 0.25 0.83 0.98 1.1 49.54
Sepia opipara 10.82 3.67 0.8 1.08 1.06 50.6
Aptychotrema rostrata 53.85 0 0.79 0.57 1.05 51.65
Glaucosoma scapulare 5.19 19.95 0.78 0.78 1.03 52.68
Lophiomus setigerus 6.35 75 0.76 0.83 1.01 53.69
Grammatobothus polyophthalm 7.44 0 0.75 0.98 1 54.69
Solenocera bifurcata 3.13 0.23 0.72 1.89 0.96 55.65
Antigonia rhomboidea 2.57 0.37 0.71 1.9 0.94 56.59
Sirembo metachroma 6.38 2.71 0.71 1.03 0.94 57.53
Plesionika laurentae 2.28 2.3 0.69 1.05 0.92 58.45
Quollastria gonypetes 0.45 2.83 0.67 0.9 0.88 59.33
Photololigo sp. 3.48 1.85 0.66 1.06 0.88 60.21
Psettina gigantea 3.2 0.31 0.65 1.4 0.86 61.07
Sepioloidea lineolata 6.53 0 0.65 0.97 0.86 61.93
Aulopus curtirostris 1.48 0.78 0.64 1.7 0.85 62.77
Solenocera choprai 1.99 3.59 0.63 1.11 0.84 63.61
Amusium balloti 3.02 0 0.6 0.97 0.8 64.41
Chelidonichthys kumu 8.01 5.49 0.6 0.69 0.8 65.21
Raja polyommatta 0 12.54 0.6 0.6 0.8 66.01
Euprymna tasmanica 0.15 4.77 0.6 0.74 0.79 66.8
Lepidotrigla grandis 3.67 0.43 0.6 1 0.79 67.59
Synodus macrops 3.96 0 0.59 0.98 0.78 68.37
Halieutea stellata 1.33 1.13 0.58 1.09 0.77 69.14
Aulotrachichthys sp. 0 3.25 0.57 0.8 0.75 69.9
Glossanodon australis 0 2.28 0.56 0.85 0.75 70.64
Priacanthus macracanthus 7.37 3.45 0.56 0.6 0.75 71.39
Asymbolus rubiginosus 0 16.98 0.56 0.57 0.74 72.13
Sphenopus marsupialus 1.94 0 0.54 0.98 0.71 72.84
Dendrodoris tuberculosa 5.69 2.39 0.53 0.6 0.7 73.54
Calliactus sp. 511 6.11 0.49 1.27 0.66 74.2
Lupocyclus philippinensis 0.66 0.02 0.49 1.57 0.65 74.85
Xanthid sp. 0 0.27 0.49 1.46 0.64 75.49
Trachinocephalus myops 12.93 0 0.48 0.57 0.63 76.13
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Species/Taxa 110 m depth group 150 m depth group Average Dissimilarity/Standard Contribution to %
mean catch rate mean catch rate dissimilarity deviation dissimilarity % Cumulative
(g ha™ (g ha™ dissimilarity

Sea Urchin 3 12.92 0 0.48 0.57 0.63 76.76
Ibacus chacei 0.33 0.82 0.47 1.12 0.63 77.39
Neosebastes cf entaxis 1.69 0 0.47 0.95 0.62 78.02
Sepia whitleyana 6.17 0 0.46 0.57 0.61 78.63
Plagiopsetta glossa 0 1.21 0.46 0.76 0.61 79.24
Pristigenys niphonia 11 0 0.46 0.96 0.61 79.85
Anoplocapros inermis 13.08 0 0.46 0.57 0.61 80.45
Sepia limata 0.32 0.68 0.46 1.19 0.61 81.06
Champsodon nudivittis 1.05 0.16 0.45 0.98 0.59 81.65
Chelidoperca sp. 1.14 0 0.42 0.98 0.56 82.21
Pseudorhombus tenuirastrum 4.3 0 0.42 0.57 0.56 82.77
Microcanthus strigatus 0 5.46 0.4 0.49 0.53 83.3
Zeus faber 0 9.37 0.38 0.45 0.5 83.8
Trachurus novaezelandiae 3.19 0.18 0.36 0.6 0.48 84.28
Sea star 101 0.56 0 0.36 0.98 0.48 84.76
Ophidion muraenolepis 0 1.56 0.36 0.52 0.47 85.23
Pontocaris orientalis 0.52 0.01 0.36 1 0.47 85.7
Pseudorhombus dupliciocella 3.88 0 0.35 0.57 0.47 86.17
Chloeia sp. 0.49 0.29 0.34 0.71 0.45 86.62
Penaeus plebejus 1.65 0 0.33 0.57 0.44 87.06
Harpiosquilla sinensis 2.98 0 0.33 0.57 0.43 87.49
Fistularia petimba 0 2.69 0.32 0.45 0.43 87.92
Unidentified Crinoid 1.8 0.05 0.32 0.65 0.43 88.35
Xenophora peroniana 0 2.49 0.32 0.5 0.42 88.77
Sea Urchin 6 1.32 0 0.31 0.57 0.42 89.19
Samaris macrolepis 1.32 0 0.31 0.57 0.42 89.6
Sepia plangon 1.88 0 0.3 0.57 0.39 90

Callionymus margaretae 0.97 0 0.29 0.57 0.39 90.38
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Bycatch assemblages were also strongly affected by latitude (global R = 0.429, P <
0.001). The largest difference was between the 26.5 °S group and the 27.5 °S group
(R-statistic = 0.711, Figure 9.4.5).

Latitudinal effects on bycatch from the deepwater eastern king prawn charter

A 27

V¥ 26.5

O 275

& 28

Figure 9.4.5. MDS of bycatch from the deepwater eastern king prawn fishery showing strong
evidence (global R = 0.429) of latitudinal grouping. Legend in latitude (degrees south).

Because latitude had such a marked influence on the bycatch, the effects of the
codend types were examined using a two-way crossed analysis of similarities
(ANOSIM). While the strong latitudinal effect was confirmed, the global R value for
codend type was 0.075 (P = 0.06), suggesting that the codend type had no significant
effect on the bycatch assemblages.

9.5 DiscussioN

The main finding from the charter was that bycatch in the deepwater eastern king
prawn fishery can be significantly reduced, by 29% (f5 estimate of 0.71, Table 9.4.1)
with no loss of the targeted eastern king prawns. Prawn catch rates were low
throughout the charter. This was probably because the location of the trawls was
determined using previous effort data and included locations with low catch rates.
Normally, if areas with high catch rates were found then fishers would remain in those
areas. However, for the purposes of our study, it was important to sample sites
throughout the entire area and not just those areas with higher catch rates.

As with the bycatch rates, the prawn catch rates from the codend with the TED only

were comparable to those from the standard net. A lack of bottom debris or large
animals in the deepwater fishery indicated that the TED’s escape hole cover, or flap,
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remained closed throughout the trawl, preventing prawns from escaping. It should be
noted that, with such a reduction in bycatch (i.e., 29% reduction), the catch rate of
prawns might increase. Because the net caught less bycatch it probably experienced
less drag and therefore maintained a higher spread ratio, which allowed it to sweep
over a larger area. This would likely have resulted in higher catch rates. Considering
that trawl duration in the deepwater fishery is usually three to six hours, this could
result in a significant increase in the area trawled and subsequently greater catches.

There was no difference in the size of the prawns caught from the four codend types
(Figure 9.4.1). Therefore, it is possible that even larger square mesh could have been
used resulting in even greater bycatch reduction. Further testing of square mesh
codends could include experiments to determine the optimum mesh size where
bycatch exclusion rates are maximised without reducing prawn catch rates.

The study also showed that the TED significantly reduced the catch rate of Balmain
bugs, Ibacus chacei (Figure 9.4.2), which is consistent with the reduced catch rate of
Moreton Bay bugs Thenus orientalis attributed to the TED during the scallop fishery
charter (Chapter 7). These species are high-value byproduct in the prawn and scallop
fisheries and there is a strong need to understand how management changes (i.e., the
introduction of TEDSs) in recent years have affected their catch rates.

The results are very promising because they demonstrate that bycatch can be
significantly reduced without any significant effect on the prawn catch rates or sizes.
There were two factors that contributed to these favourable results. Firstly, the
location of the square mesh codend within the net allowed a greater number of
animals to escape the trawl. Other BRDs, including the bigeye, fisheye or radial
escape section, are located up to 100 meshes forward of the drawstring which is where
the catch accumulates. As such, small fish must swim this distance, at a speed greater
than the net is travelling, to escape. This is a difficult task because the fish are likely
to tire from trying to evade capture before reaching the codend and because they
generally lack swimming speed and stamina. In contrast to other BRDs, the catch
accumulates in the square mesh codend BRD allowing small fish and other animals to
escape after swimming a much smaller distance. Further, animals such as small crabs
have a much better chance of escaping from a square mesh codend, and probably
simply fall through the meshes. Secondly, the large size of the targeted adult eastern
king prawns (i.e., P. plebejus is the largest of Australia’s endemic prawn species),
facilitates the use of square mesh codends, which allow the smaller fish and other
animals to escape. If smaller mesh is used, which is one method of reducing prawn
loss, it is likely that the bycatch catch rates would increase. Generally, square mesh
codend BRDs are effective in fisheries where the target species are larger than the
majority of the bycatch species. Square mesh codends may not be suitable for some
sectors of the Queensland East Coast Trawl Fishery.

9.5.1 Effects on bycatch species and community structure

Of those species that could have robust analyses undertaken on them (Table 9.4.2.),
38% experienced a significant reduction in catch rate due to the TED, square mesh
codend BRD or both. Several species experienced reductions between 70 and 87%
and most reductions were attributed to the square mesh codend, rather than the TED.
Although the overall 29% reduction in bycatch catch rate is very promising, it did not
appear large enough to alter the general character of the bycatch. Much of the
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variation in bycatch community structure is explained by depth (Figure 9.4.4) and
latitude (Figure 9.4.5), and the codend types only had a marginal impact on altering
the bycatch community structure.

9.5.2 Extrapolating the charter results to the fishery

The total weight of bycatch produced annually throughout the entire Queensland East
Coast Trawl Fishery is unknown, but likely to exceed 25,000 tonnes. Given that the
deepwater eastern king prawn fishery produces about 700 tonnes of large oceanic king
prawns annually, research data obtained from measuring bycatch rates from the
commercial vessels during the opportunistic sampling (see Chapter 10) suggests that it
would produce about 1400 tonnes of bycatch annually. If fishers were to adopt the
square mesh codend in conjunction with the TED as their BRD, then the total
expected reduction in bycatch from the deepwater king prawn fishery would equate to
about 406 tonnes annually. [Note that this would be a significant improvement given
that the opportunistic sampling suggests that the devices currently being used by
fishers in the deepwater eastern king prawn fishery are having no significant effect on
bycatch rates (Table 10.4.5)].

9.5.3 Power analysis and monitoring

The power analysis results are similar to those obtained from the north Queensland
tiger/endeavour prawn charter (Chapter 6, section 6.4). The only difference is that a
broader range of variances were obtained in the deepwater bycatch species analyses,
which facilitated a broader range of power analyses to be examined. All power
analyses undertaken thus far suggest similar results, that is, that the variance in mean
catch rate for gamma-distributed species needs to be less than about 0.4-0.5 to
confidently detect a 40% change in catch rate, based on a 30-trawl sample program.
Obviously, more species could be monitored at this 40% reference point level if the
program was increased to 300 samples. Before implementing bycatch monitoring
programs for any of the major Queensland trawl fishery sectors it would be prudent to
discuss possible action plans, should declines in one or more species be detected.
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10 Quantifying the performance of bycatch reduction devices
(BRDs) on board vessels during their normal fishing activities —
an assessment based on “opportunistic” measures of bycatch
rates

A. J. Courtney, M. J. Campbell, M. L. Tonks, S. W. Gaddes and K. E. Chilcott

10.1 ABSTRACT

This chapter examined the effects of the TEDs and BRDs that fishers were using and
was based on “opportunistic” measures of bycatch, prawn and scallop catches
obtained by project staff on board vessels during their normal commercial fishing
operations (as opposed to previous chapters which evaluated BRD effects from
dedicated, controlled, experimental research charters). The conclusions should be
interpreted with caution because of the lack of experimental control during such
opportunistic sampling. Bycatch rates varied with fishing sector; the scallop fishery
had the highest bycatch rate (9.39 S.E. 1.02 kg ha™*) while the deepwater eastern king
prawn sector had the lowest (1.30 S.E. 0.19 kg ha™). When the north Queensland
tiger/endeavour prawn and eastern king prawn sectors were pooled, generalised linear
modelling indicated that there was no significant reduction in the total mean bycatch
rate (i.e., including large fauna or “monsters”) due to TEDs and BRDs. When large
fauna were omitted from the analysis, mean bycatch rates (i.e., excluding monsters)
declined significantly by 25% when the TEDs and BRDs were used together. No
significant effects on marketable prawn catch rates were detected in this analysis. In
the shallow water and deepwater eastern king prawn sectors, no significant reduction
in total mean bycatch rate (i.e., including monsters) or mean bycatch rate (i.e.,
excluding monsters) were detected, due to TEDs or BRDs, nor was there any effect on
mean marketable prawn catch rate. In the north Queensland tiger/endeavour prawn
fishery, a 9% reduction in the catch rate of a) total mean bycatch rate (i.e., including
monsters), b) bycatch rate (i.e., excluding monsters) and c) marketable prawns was
detected due to the combined effects of TEDs and BRDs. These reductions were
statistically significant. In the scallop fishery, a significant reduction in total mean
bycatch rate (i.e., includes monsters) of 68% was detected, mainly due to TEDs
excluding large bycatch species, predominantly sponges. A significant reduction
(11%) in the mean scallop catch rate was also detected, mainly due to the BRDs. In
general, the reductions in bycatch rates were low compared to those achieved during
the research charters. The results can be used to evaluate bycatch reduction
management measures and to plan and prioritise future initiatives.

10.2 INTRODUCTION

The Queensland Fisheries (East Coast Trawl) Management Plan 1999 provides
fishers with a choice of seven BRDs that they can choose from and install in their
nets: 1) radial escape section, 2) fisheye, 3) square mesh panel, 4) square mesh
codend, 5) bigeye, 6) Popeye fishbox, and 7) V-cut. The last two devices have only
recently been approved and it is likely that further devices will be developed and
included in the future. Otter trawl fishers are required, by law, to install at least one of
these devices with a TED in each net, with the exception of their try-gear net. The
previous chapters (Chapters 5 through to 9) quantified the effects of some of these
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devices with and without TEDs, under controlled experimental conditions in the
major Queensland trawl sectors.

While the research charters provided valuable quantitative information on the
effectiveness of the BRDs and TEDs, they do not necessarily provide insight on the
performance of devices being used by the fleet. Although the charter designs went to
considerable length to reflect commercial fishing conditions, (i.e., they deployed
commercial vessels, commercial skippers and crews, used commercial trawl gear,
were undertaken in the major trawl sectors in grounds that experienced medium to
high levels of trawl fishing effort) it would be incorrect to assume that the reductions
that were achieved reflected those of the commercial fleet. It was never intended that
the charters’ results would be representative of the bycatch reductions that were
occurring in the fishery, but rather to show the expected or potential reductions in
bycatch that could be achieved from certain devices in select sectors. In order to
comment on the effectiveness of the devices that are being used by the fleet it was
therefore necessary to undertake a second opportunistic sampling program that was
focused specifically on quantifying the effects of BRDs and TEDs that the fleet were
using. Project staff refer to these as “opportunistic” commercial vessel sampling data,
while those of the research charters are referred to as “charter” data. To this end, this
chapter quantifies the effects of the BRDs and TEDs being used by the fleet in the
major Queensland trawl sectors based on the opportunistic sampling of vessels.

It should be noted that evaluating the performance of BRDs and TEDs at sea on
commercial vessels while they are undertaking their normal fishing activities is
challenging and in general results in limited robust quantitative data and conclusions.
Researchers have very limited control over the experimental design and quality of
data while sampling opportunistically. This lack of control greatly reduces our ability
to quantitatively assess the bycatch reduction devices. Examples of the lack of control
include:

a) inability to ensure all nets being towed on any particular vessel have no

significant differences in their catch rates, irrespective of whether they have a

BRD or TED installed;

b) side-of-boat or net position effects. For various reasons, the position of the

net (i.e., inner port, outer port, inner starboard, outer starboard, stern) may result

in it catching more, or less than the other nets, thus affecting interpretation of

results;

c) reluctance of the skipper or crew to swap codend treatment types from one

side of the vessel to another or from one net position to another, according to a

robust statistical design;

d) a reluctance of the skipper or crew to remove the TED (because it may take

too long to reinstall) in order for the net to be compared against another identical

net with no TED installed;

e) reluctance of the skipper or crew to trawl along a straight line, which is

required to ensure the areas swept by all nets being examined are equal; and

f) an inability to obtain a statistically adequate number of measurements.

All of these limitations were overcome by chartering vessels. Although the
opportunistic data are not as statistically robust as the research charter data, they
nevertheless provide some insight into the performance of the BRDs and TEDs that
fishers are using. This chapter therefore presents data, results and conclusions on the
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effects of the BRDs and TEDs that trawl operators in the major Queensland trawl
fishery sectors are using. Specifically, the effects on the catch rates of bycatch,
prawns and scallops were quantified. The data, results and conclusions should be
interpreted with caution due to the lack of experimental control.

10.3 MATERIALS AND METHODS
10.3.1 Obtaining measures of target species and bycatch catch rates

Fishers were usually approached over the phone and asked if they would allow a
researcher on board their vessel for a few nights during normal fishing activities to
measure and record the catch rates of bycatch and target species for the purposes of
assessing the effectiveness of the TEDs and BRDs they were using.

Fishers who were trawling in the main trawl fishing sectors were approached. The
project assumed that a) where there was more trawl fishing effort there was likely to
be more bycatch produced, and b) because we were sampling commercial vessels
from the main trawling sectors and areas, that the prawn, scallop and bycatch catch
rates were representative of the fleet. Information recorded for each net at each trawl
location while at sea included:

a) trawl location determined by the vessel’s GPS, including the latitude and

longitude where the trawl commenced and finished,;

b) mean speed of the trawl, trawl duration and mean depth;

c) head rope length, and other details of the net, including its position (i.e., port,

starboard, middle, outer port, etc.);

d) presence or absence of BRD and/or TED;

e) BRD type;

) weight of the retained target species catch including eastern king prawns,

Penaeus plebejus, brown tiger prawns Penaeus esculentus, blue-legged king

prawns, Penaeus latisulcatus, endeavour prawns Metapenaeus endeavouri and

Metapenaeus ensis, and saucer scallops Amusium japonicum ballotti;

g) large species weighing more than about 5 kg, endangered species or species that

were considered to be of high conservation status were identified, weighed to the

nearest 1.0 kg, recorded and released before the remaining bycatch was processed.

Collectively these species include turtles, sea snakes, large sponges, large sharks

and rays, and are referred to as monsters; and

h) the remaining bycatch weight was recorded to the nearest 1.0 kg. A sub-sample

of the bycatch was retained and processed in the laboratory to species level. Details

of all bycatch species recorded from each sector from the research charters and the

opportunistic sampling are provided in Appendices 1, 2, 4 and 5.

The total weight of bycatch from any given net and trawl was estimated as the sum of
the monster weight and the remaining bycatch weight. It was necessary to record the
bycatch weight in this way because an infrequent catch of a single large animal, such
as a shark, ray, turtle or sponge can skew the data and affect the overall predicted
means and therefore the conclusions about the effectiveness of the TEDs and BRDs.
The marketable catch of prawns and scallops from each net was determined by the
crew after each trawl, and then weighed by the researcher. It is important to note that
the marketable targeted catch was not defined by researchers. In this way, the weight
of the targeted catches more closely reflects those of the industry.
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The configuration of the nets towed by vessels in the eastern king prawn and scallop
fisheries was typically triple gear (three nets towed from the port, starboard and stern
of the vessel), while vessels in the north Queensland tiger/endeavour prawn fishery
typically towed quad gear (four nets, with two nets on either side of the vessel)
(O’Neill et al., 2005). To assess the effect of the devices the crew were asked to
remove the TED and BRD from one net, either port or starboard, to facilitate a paired
comparison with a standard net during each trawl (i.e., catch rates from a standard net
compared to a net with a TED or BRD, or both). However, fishers were often
reluctant to remove one or both devices from a net. When this occurred it prevented
any simultaneous paired comparison of treatments from being obtained and
compromised the statistical integrity of the sampling program. Measurements from
the stern net were not considered because it fishes differently from the port and
starboard nets and because no simultaneous paired comparison was possible.

10.3.2 Calculating catch rates

All catch rates were converted to weight (kg or g) per swept area trawled (hectares,
ha). The area swept S by net n during trawl t was estimated thus:

_HxeD

" 10,000

where H was the headline length of the net, F was the net spread factor from Sterling
(2005) and D was the distance trawled. Division by 10,000 converts the area from
square metres to hectares.

10.3.3 Statistical design and analyses

Generalised linear modelling (GLM) using GenStat (2005) statistical software was
used to examine the variation in catch rates of bycatch and target species (i.e., prawns
or scallops). Each trawl site location was treated in the model as a blocking term. The
model was an accumulated analysis of variance with the following distributions and
link functions: a) normal distribution with identity link, and b) gamma distribution
with logarithm link function. Catch rates for target species, bycatch (discarded
bycatch minus monster weight) and total bycatch (bycatch weight plus monster
weight) were the response variables in all models. When a normal distribution was
used, the response variable was either log-transformed [x = In (y)] or square-root
transformed [x = V (y)], depending on the homoscedasticity of the residual output.
When a gamma distribution and logarithm link function were used the raw, non-
transformed response variable data were used. The best model goodness-of-fit was
obtained by examining plots of the standardised residuals and if they were found to be
non-normally distributed then the model distribution type or transformation would be
changed until normality was attained. Treatment factors and interaction terms were
added in a forward step-wise procedure and then dropped from the model if they were
found to have no significant effect. The models took the following general form:

U= /30 + ﬁl(TrawI S|te1_ n) + ﬁz (Codend type1_4) +é&

where U was the predicted mean catch rate of bycatch weight, prawn weight or saucer
scallop weight, n was the number of sites trawled, £, was an estimated scalar
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parameter, £ and £, were vector parameters that were estimated and ¢ was the error
term. Only estimates of g, are presented as this parameter quantifies the effects of the
different codend types. This model differs from the models used for the research
charters in that the research charters could control the net position and side-of-boat
that the different codend treatments were being tested in. During the opportunistic
sampling however, the researchers had no control over these factors, and for these
reasons, the model is simpler and does not include terms for net position or side-of-
boat effects. For purposes of interpretation and consistency with the statistical
methods used in previous chapters, the g, parameter estimates have been
proportionally scaled so that they could be compared against a standard codend
parameter value of 1.0.

Because there are several different types of BRDs and TEDs that fishers can use, the
number of observations that could be obtained for a specific BRD, or a specific BRD
and TED combination, was low. Therefore sufficient observations required for a
robust analysis of each specific device or combination of BRD and TED were not
possible. Codend treatment types were therefore pooled and categorised to four levels:
1) Standard net only (with no BRD or TED)
2) BRD only (this included all recognised BRDs listed in the Management Plan)
3) TED only, and
4) BRD and TED together.

Results were presented as the observed mean catch rate (kg ha™) from the standard net
and the effect of the codend type (i.e., BRD, TED, or BRD and TED together) was
displayed as a proportional change in catch rate based on the parameter estimates
generated by the model.

10.4 RESULTS

Between April 2000 and April 2002, catch rate information was recorded from 434
individual commercial net trawls (Table 10.4.1). The spatial distribution of the trawl
locations is provided in Figure 10.4.1.

Table 10.4.1. Number of individual net trawls for each codend type in each sector. There
were so many different TEDs, BRDs, and combinations of the two, used by fishers that four
broad categories were identified to represent all possibilities. These were 1) Standard codend
(i.e. no BRD or TED), 2) TED only, 3) BRD only, and 4) TED and BRD together.

Tiger/Endeavour Shallow Deepwater

Codend type prawn water EKP EKP Scallop
Standard codend 64 27 40 43
BRD only 0 14 36 10
TED only 0 12 3 45
BRD and TED together 64 35 0 41
Total 128 88 79 139

Bycatch rates were dependent on sector, with the scallop fishery producing the highest
bycatch rates (9.39 S.E. 1.02 kg ha™), and the deepwater eastern king prawn fishery
producing the lowest (1.30 S.E. 0.19 kg ha™). The mean observed catch rate of prawns
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from all sectors was 0.93 (S.E. 0.06) kg ha™, while the mean observed catch rate of
scallops was 3.00 (S.E. 0.20) kg ha™.
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Figure 10.4.1. Locations where measures of target species and bycatch catch rates were
obtained during the opportunistic sampling program for the (A) eastern king prawn fishery,
(B) the scallop fishery and (C) the tiger/endeavour prawn fishery. These sectors account for
about 80% of the trawl fishing effort and catch in Queensland.

10.4.1 Types of bycatch reduction devices that were evaluated

Catch rates of bycatch and target species were measured from a range of codend
types. Queensland trawl fishers are required to have a TED and one of seven
recognised BRDs installed in their nets. Table 10.4.2 provides a numerical breakdown
of the codend types sampled in each sector during the opportunistic sampling
program.
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Table 10.4.2. Number of measurements obtained from individual net trawls in each sector for
each different codend type obtained during the opportunistic sampling program. The numbers
include observations where the BRDs were inserted with, and without TEDs.

Tiger/endeavour Shallow Deepwat.er
Codend type water eastern  eastern king Scallop
prawn Kin
g prawn prawn
Bigeye 0 21 15 37
Fisheye 0 15 0 15
Square mesh panel 8 6 24 0
Radial escape section 16 0 0 0
Square mesh codend 0 0 0 0
V-cut 40 7 0 0
None (standard net) 64 27 40 41
TED only 0 12 0 46

10.4.2 Effects of BRDs on prawn catch rates

When all of the prawn sectors (i.e., shallow water eastern king prawn, deepwater
eastern king prawn and north Queensland tiger/endeavour prawn) were grouped and
generalised linear modelling undertaken on 295 observations, the model parameter
estimates indicated no statistically significant reduction in total mean bycatch (i.e.,
including monsters) rate due to TEDs and BRDs (Table 10.4.3). When large bycatch
were omitted from the analyses (i.e., bycatch excluding monsters), a significant
reduction of 25% was detected when both the TED and BRD were installed compared
to a standard net (f, parameter estimate of 0.75, Table 10.4.3). The analyses suggest
that the inclusion of infrequently caught large individuals (such as large sharks, rays
and sponges) complicates the analysis and may sometimes mask the detection of
reductions in bycatch rate. The analyses indicated that TEDs alone, and BRDs alone,
had no significant effect on bycatch rates (excluding monsters), but when used
together significant reductions were detected. None of the codend types had a
significant effect on mean prawn catch rate compared to the standard net.

Table 10.4.3. Mean catch rates of total bycatch, bycatch and marketable prawns from all
prawn sectors combined based on 295 individual net tows obtained by opportunistically
sampling on board fishing vessels in the eastern king prawn and north Queensland
tiger/endeavour prawn sectors. Generalised linear modelling was used to quantify the effects
of codend type. Significant differences between treatments (P < 0.05) are bolded and
identified by different alphabetic characters (A, B, C or D). The parameter estimates have
been proportionally scaled so they can be compared to a standard net parameter value of 1.
Standard errors in parentheses.

Generalised linear model parameter estimates

Mean observed (Proportionally scaled to a standard net parameter

Response catch rate in value of 1) Distribution
variable kg ha™ from BRD and TED type
standard net TED only BRD only
together
Total bycatch
(includes 3.79(0.33) AB 1.40 (0.30) A 0.98 (0.09) AB 0.92 (0.06) B Gamma
monsters)
Bycatch
(excludes 3.73(0.32) A 1.21(0.12) A 0.84 (0.04) A 0.75 (0.02) B Gamma
monsters)
Marketable Normal
P 0.93 (0.06) A 0.93(0.01) A 1.00 (0.01) A 0.93(0.01) A (square-root
rawns
transformed)
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10.4.3 Shallow water eastern king prawn fishery

Analysis of the 88 individual net catch rate data indicated that the BRDs used in the
shallow water eastern king prawn fishery had no significant effect on either total mean
bycatch (i.e., including monsters) rate or mean bycatch (i.e., excluding monsters) rate
(Table 10.4.4). Mean prawn catch rate was not significantly affected by the BRDs or
TEDs used by fishers, nor was it affected when both devices were used together (5,
parameter estimate of 0.90, Table 10.4.4).

Table 10.4.4. Mean catch rates of total bycatch, bycatch and target prawn species in the
shallow water (< 50 fm) eastern king prawn Penaeus plebejus fishery based on 88 individual
net tows obtained by opportunistically sampling on board fishing vessels. Generalised linear
modelling was used to quantify the effects of codend type. Significant differences between
treatments (P < 0.05) are bolded and identified by different alphabetic characters (A, B, C or
D). The parameter estimates have been proportionally scaled so they can be compared to a
standard net parameter value of 1. Standard errors in parentheses.

Generalised linear model parameter estimates

Mean observed (Proportionally scaled to a standard net

Response catch rate in arameter value of 1) Distribution
variable kg ha™ P BRD and TED type
standard net TED only BRD only
together

Total bycatch Normal (lo
(includes 5.48 (1.30) A 1.66 (0.55) A 1.04(0.28) A 0.91(0.15) A g

transformed)
monsters)
Bycatch Normal
(excludes 5.21 (1.25) A 1.43(0.06) A 1.10(0.06) A 0.88(0.06) A (square-root
monsters) transformed)
Marketable Normal (log
Prawns 1.20 (0.13) A 0.78 (0.15) A 1.04(0.17) A 0.90 (0.09) A transformed)

10.4.4 Deepwater eastern king prawn fishery

The mean catch rate of total bycatch (i.e., including monsters) in the deepwater
eastern king prawn fishery was not significantly affected by the BRDs and TEDs that
the fishers were using (Table 10.4.5). Mean catch rate of the targeted eastern king
prawns was also unaffected by the devices (Table 10.4.5). However, when a BRD was
used in conjunction with a TED, the mean catch rate of bycatch (i.e., excluding
monsters) was significantly increased (#, parameter estimate of 1.39). No
measurements were obtained from this sector for nets that had the TED only.
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Table 10.4.5. Mean catch rates of total bycatch, bycatch and target prawn species from the
deepwater eastern king prawn fishery Penaeus plebejus based on 79 individual net tows
obtained by opportunistically sampling on board fishing vessels. Generalised linear modelling
was used to quantify the effects of codend type. Significant differences between treatments (P
< 0.05) are bolded and identified by different alphabetic characters (A, B, C or D). The
parameter estimates have been proportionally scaled so they can be compared to a standard
net parameter value of 1. Standard errors in parentheses.

Generalised linear model parameter

Mean observed estimates

Response variable catch_rate in (Proportionally scaled to a standard net Distribution

kg ha™ from parameter value of 1) type

standard net BRD and

TED only BRD only TED together
Total bycatch 1.30 (0.19) A : 100 (007) A 129 (0.03) A Gamma
(includes monsters)
Bycatch (excludes ) Normal (log
monsters) 1.28 (0.18) A 0.95(0.05) A 1.39(0.22)B transformed)
Marketable Prawns 059 (0.07) A i 103004 A 120013 A  Normal(log
transformed)

10.4.5 North Queensland tiger/endeavour prawn fishery

Analyses of the 128 observations from the north Queensland tiger/endeavour prawn
sector indicated that when the TEDs and BRDs were used together, they resulted in a
significant reduction (9%) in a) total mean bycatch (i.e., including monsters) rate, b)
mean bycatch (i.e., excluding monsters) rate, and c) mean prawn catch rate (4,
parameter estimate of 0.91, Table 10.4.6). Note that no measurements were obtained
from nets that had BRDs only or TEDs only, and therefore it was not possible to
guantify these codend types in this particular sector. The only term that could be
quantified was BRDs and TEDs together.

Table 10.4.6. Mean catch rates of total bycatch, bycatch and target prawn species Penaeus
latisulcatus, Penaeus semisulcatus, Metapenaeus endeavouri and Metapenaeus ensis from the
north Queensland tiger/endeavour prawn fishery based on 128 individual net tows obtained by
opportunistically sampling on board fishing vessels. Generalised linear modelling was used to
quantify the effects of codend type. Significant differences between treatments (P < 0.05) are
bolded and identified by different alphabetic characters (A, B, C or D). The parameter
estimates have been proportionally scaled so they can be compared to a standard net
parameter value of 1. Standard errors in parentheses.

Generalised linear model parameter

Mean observed estimates
Response catch rate in (Proportionally scaled to a standard net Distribution
variable kg ha™ parameter value of 1) type
standard net TEDonly  BRD only BRD and TED
together

Total Bycatch
(includes 4.64 (0.26) A - - 0.91(0.02) B Gamma
monsters)
Bycatch
(excludes 4.64 (0.26) A - - 0.91(0.02) B Gamma
monsters)
Marketable 1.03 (0.08) A - . 0.91(0.03) B Gamma
Prawns
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10.4.6 Scallop fishery

Analysis of the 139 bycatch measurements obtained in the saucer scallop fishery
indicated that a) TEDs, b) BRDs and c) both devices used together all resulted in a
significant reduction in mean total bycatch (including monsters) rate (Table 10.4.7).
The predicted mean catch rate of total bycatch (i.e., including monsters) was 68%
lower in nets with both a TED and BRD (f, parameter estimate of 0.32, Table 10.4.7).
Note the same level of reduction was achieved for the TED-only analysis. All codend
types caught significantly less total bycatch (i.e., including monsters) compared to the
standard net. Of all of the analyses undertaken with the opportunistic data, this was
the largest reduction in total mean bycatch (i.e., including monsters) rate of any
sector.

When large fauna (i.e., monsters) were excluded from the analyses, the model
indicated a 31% reduction in mean bycatch rate in nets with both a TED and BRD (f-
parameter estimate of 0.69, Table 10.4.7). The parameter estimates indicated that
most of the reductions in bycatch were due to the TED, and that the TED excluded
more bycatch in saucer scallop fishery than BRDs. When the TEDs and BRDs were
used together, they resulted in a significant (11%) reduction in the mean catch rate of
scallops (B, parameter estimate of 0.89, Table 10.4.7). Most of the reduction was due
to the BRDs (f, parameter estimate of 0.90, Table 10.4.7), while the TED only had no
significant effect on mean scallop catch rate.

Table 10.4.7. Mean catch rates of total bycatch, bycatch and scallops from the Queensland
saucer scallop Amusium japonicum ballotti fishery based on 139 individual net tows obtained
by opportunistically on board fishing vessels. Generalised linear modelling was used to
quantify the effects of codend type. Significant differences between treatments (P < 0.05) are
bolded and identified by different alphabetic characters (A, B, C or D). The parameter
estimates have been proportionally scaled so they can be compared to a standard net
parameter value of 1. Standard errors in parentheses.

Generalised linear model parameter estimates

Mean observed (Proportionally scaled to a standard net

Response catch rate in arameter value of 1 Distribution
variable kg ha™ from P ) BRD and type
Standard net TED only BRD only
TED
Total bycatch Normal (lo
(including 9.39 (1.02) A 0.32(0.03)C 0.60(0.14)B 0.32(0.04) C g
transformed)
monsters)
Bycatch
(excludes 4.46 (0.59) A 0.68 (0.05) B 0.81(0.13) AB  0.69 (0.06) B Gamma
monsters)
Marketable Normal
3.00 (0.20) A 0.99 (0.01) A 0.90(0.01) AB 0.89(0.01) B (square-root
Scallops
transformed)

10.5 DiscussIiON

Although maintaining experimental control is challenging when working on board
vessels during their normal working operations, the data and analyses provide
valuable information on the performance of the BRDs that are being used by the
Queensland trawl fleet. The main findings from this chapter are:
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1)

2)

3)

4)

5)

6)

When the prawn trawl sectors were pooled, no statistically significant
reduction in total mean bycatch (i.e., including monsters) rate was detected
due to TEDs or BRDs, together or by themselves (Table 10.4.3). When large
bycatch species were omitted from the analysis, a statistically significant
reduction of 25% in mean bycatch (i.e., excluding monsters) rate was detected
when both devices were used together.

When the prawn trawl sectors were pooled, no significant effects on mean
prawn catch rates were detected for TEDs and BRDs, by themselves or when
used together.

In the north Queensland tiger/endeavour prawn fishery, mean bycatch rates
declined significantly (by 9%, g, parameter estimate of 0.91, Table 10.4.6)
when TEDs and BRDs were used together, but a statistically significant
equivalent reduction in mean prawn catch rate was also detected.

No significant reduction in mean bycatch rate was detected in the shallow
water (Table 10.4.4) or deepwater (Table 10.4.5) eastern king prawn sectors,
nor was there any significant effect on mean prawn catch rate in these sectors.
A 68% reduction in the total mean bycatch (i.e., including monsters) rate was
obtained from the saucer scallop fishery when TEDs and BRDs were used
together (f, parameter estimate of 0.32, Table 10.4.7). The same reduction
was obtained for the TED-only analysis. Significant bycatch reduction due to
BRDs is occurring in the scallop fishery, but most is attributed to the TEDs.
A statistically significant reduction of 11% in the mean scallop catch rate was
detected in nets with both a TED and BRD (Table 10.4.7). This loss of
scallops was largely due to the BRDs that fishers were using.

The opportunistic sampling provided detailed information on catch rates directly from
the fleet, but it was heavily dependent upon a) when the fishers allowed the
researchers on board to obtain measurements and b) where the fishers chose to trawl.
For the data and analyses to be of value, we have to assume that the data are
representative of the fleet. While such assumptions can be made for the research
charters (because the charters were specifically designed to be representative), we had
very little control over the opportunistic sampling design. Also, the experimental
design and control required for comparing nets with and without BRDs and TEDs was
very limited. Fishers in Queensland are required to use a TED and one of seven
recognised BRDs. In most cases, the objective for commercial fishers when choosing
a suitable device is to minimise the loss of target species and bycatch reduction is of
secondary importance.

The mean catch rate of marketable prawns in the eastern king prawn fishery was
unaffected by TEDs and BRDs (Table 10.4.4 and Table 10.4.5). The mean bycatch
rate was also largely unaffected. In contrast, the devices lowered marketable prawn
catch rates in the north Queensland tiger/endeavour prawn fishery (Table 10.4.6). The
fact that the reductions for prawns and bycatch occurred at the same rate (i.e., 9%)
suggests that the devices being used were inefficient. That is, if efficient BRDs were
used, it is reasonable to expect that bycatch reduction would have been higher than
prawn loss. The fact that prawn loss and bycatch reduction were similar indicates that
the TED and/or BRD were inadvertently allowing the passive loss of both bycatch and
target species, rather than providing escape routes for bycatch species only.
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The TEDs and BRDs used in the scallop fishery were more effective at reducing mean
bycatch rate, with a concurrent small but significant reduction (11%) in mean scallop
catch rate. The reduction in mean total bycatch rate was largely due to the TEDs and
their interaction with large fauna. Large fauna make up approximately 64% of the
bycatch weight in the scallop fishery, of which large sponges (Porifera) comprised
92% (Chapter 7). As such, TEDs were able to exclude the majority of the large fauna,
resulting in a significant reduction in total mean bycatch rate. Interestingly, the
regular exclusion of this large fauna did not result in a reduced mean scallop catch
rate. Scallop loss can occur for two reasons. Firstly, the escape flap on the TEDs will
continually open to exclude the large fauna, at which time scallops may also escape.
Secondly, if an efficient TED is not used, large fauna may clog the TED, resulting in a
build-up of catch and scallops in front of the device. At the completion of a trawl the
accumulated catch can then either fall through the TED’s escape hole or be forced
forward through the mouth of the net. The fact that there was no significant reduction
in scallop catch rate due to the TED (Table 10.4.7) suggests that commercial fishers
were using relatively efficient devices in the scallop fishery.
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11 An overview of the elasmobranch bycatch in the Queensland East
Coast Trawl Fishery (Australia) and the effects of bycatch
reduction devices

P. M. Kyne, A. J. Courtney, M. J. Campbell, K. E. Chilcott, S.W. Gaddes, C. T.
Turnbull, C. C. van der Geest and M. B. Bennett

11.1 ABSTRACT

The Queensland East Coast Trawl Fishery (QECTF) is a complex multi-species and
multi-sector fishery operating along Queensland’s eastern coastline, with combined
annual landings of about 10,000 tonnes. Elasmobranchs represent a relatively small
but potentially ecologically significant component of bycatch in this fishery. At least
94 species of elasmobranchs occur in the managed area of the QECTF and half of
these were recorded in the fishery’s bycatch. Catch rates from the research charters
indicated that elasmobranch bycatch was highly variable between sectors.
Elasmobranch bycatch was extremely low in the north Queensland tiger/endeavour
prawn fishery, low in the deepwater eastern king prawn fishery and moderate in the
shallow water eastern king prawn and scallop fishery. The bycatch was dominated by
one rhinobatid species (Aptychotrema rostrata) and two urolophids (Trygonoptera
testacea and Urolophus kapalensis) in the shallow water eastern king prawn fishery,
by one rajid species (Dipturus polyommata) and two scyliorhinids (Asymbolus
rubiginosus and Galeus boardmani) in the deepwater eastern king prawn fishery, and
by A. rostrata and two dasyatid stingrays (Dasyatis kuhlii and D. leylandi) in the
scallop fishery. Significant reductions in the mean catch rate of A. rostrata and A.
rubiginosus due to TEDs and BRDs were detected during two charters. Results from
all of the charters were combined to give an overview of elasmobranch bycatch
across the fishery. New information on elasmobranch distributions in Queensland
waters is also presented.

11.2 INTRODUCTION

It is estimated that approximately half of the annual global catch of chondrichthyans
(the cartilaginous fishes: elasmobranchs and holocephalans) is taken as bycatch
(Stevens et al., 2000). As a consequence, some species of skates (Rajidae), sawfishes
(Pristidae) and deepwater dogfishes (Centrophoridae and Squalidae) have been
virtually extirpated from large areas (Stevens et al., 2000). In Australian waters,
Graham et al. (2001) reported significant declines in catches of two dogfishes,
Centrophorus harrissoni and C. uyato, together with skates and stingarees
(Urolophidae) after 20 years of demersal fish trawling on the continental slope off
New South Wales (NSW). Sharks and rays are also a regular component of the
bycatch in Australia’s Northern Prawn Fishery (Brewer 1999), where Stobutzki et al.
(2001) identified 56 species and considered the unsustainability of stingray
(Dasyatidae) and sawfish capture of particular concern.

The QECTF is a complex multi-species and multi-sector fishery, operating from Cape
York in the north (10°30" S, 142°30" E) to the Queensland/NSW border (28°00" S,
153°30" E). This fishery is comprised of otter trawlers operating in coastal waters
taking prawns (Penaeidae), scallops (Amusium spp.) and whiting (Sillago robusta);
and beam trawlers targeting prawns in estuarine and inshore waters. The combined
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annual landings of the fishery are close to 10,000 t, with bycatch estimated to exceed
25,000 t (Robins and Courtney, 1999). The bycatch of elasmobranchs is known to
vary considerably between fishery sectors. For example, in the Moreton Bay sector,
elasmobranchs accounted for 15.4% of the bycatch by weight (Wassenberg and Hill,
1989) while in the banana prawn sector they represented less than 0.25% of the total
bycatch (Stobutzki et al., 2001).

Bycatch reduction devices (BRDs) and turtle excluder devices (TEDs) were made
mandatory throughout the otter trawl fishery between 2000 and 2002 and a bycatch
reduction target of 40% was specified in the fishery’s Management Plan [Fisheries
(East Coast Trawl) Management Plan 1999]. Robins et al. (1999) and Broadhurst
(2000) presented overviews of BRDs and TEDs employed in Australian prawn trawl
fisheries. Seven BRDs are recognised in the Management Plan including the radial
escape section, square mesh panel, fisheye, square mesh codend, bigeye, V-cut and
the Popeye fishbox. A number of TED designs can also be used but all TED bar
spacings are required to be no more than 12 cm apart. Little research has focused
specifically on how BRDs and TEDs influence the capture of elasmobranchs. Robins-
Troeger (1994) and Brewer et al. (1998) both highlighted the reduced capture of
larger elasmobranchs, particularly batoids, in nets fitted with TEDs. However, while it
is expected that the use of TEDs should greatly reduce the capture of larger
elasmobranchs, the capture of smaller species and individuals may not be altered
(Brewer, 1999).

This chapter describes the elasmobranch catch in various sectors of the QECTF and
the effect BRDs and TEDs on their catch rates. While the project used both dedicated
research charters and opportunistic sampling of the commercial vessels to sample the
bycatch, this chapter presents results largely on the earlier. The species composition
of elasmobranch bycatch in these sectors is presented, including new information on
occurrence and distribution, and is discussed in the context of conservation and the
management of biodiversity.

11.3 MATERIALS AND METHODS

Data on elasmobranchs sampled from the five research charters were analysed,
specifically data from the:

1. shallow water eastern king prawn charter (Chapter 5)

2. north Queensland tiger/endeavour prawn charter (Chapter 6)

3. scallop charter (Chapter 7)

4. Hervey Bay whiting bycatch charter (Chapter 8)

5. deepwater eastern king prawn charter (Chapter 9).

In addition, elasmobranch species recorded from opportunistically sampling the
bycatch of commercial vessels during their normal trawling activities in the eastern
king prawn, tiger/endeavour prawn and scallop fisheries were also presented.
Elasmobranch data from a previous FRDC-funded project (Project 96/257, Stobutzki
et al., 2001), which includes a description of the bycatch from the Queensland banana
prawn fishery, were also incorporated.
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11.3.1 Recording catch rates

Details of the bycatch sampling methods can be found in the abovementioned
chapters. In brief, all elasmobranchs sampled during the research charters were
removed from the bycatch immediately after each trawl and later examined in the
laboratory. Individuals were identified, weighed, sexed and measured. Total length
(TL) and disc width (DW) were used as standard measurements.

11.3.2 Statistical methods

The effect of the TEDs and BRDs on catch rates of elasmobranchs were analysed
using the same generalised linear modelling approaches as described in the previous
chapters. Elasmobranch species catch rates were best modelled using a binomial
distribution with a logit link function. The RPAIR procedure in GenStat, which
performs t-tests for pairwise differences of means from a GLM, was used to test for
significant differences in the probability of capture between net types. Due to their
relatively low catch rates (i.e., high zero counts) it was not possible to undertake
robust statistical tests for all elasmobranch species.

11.4 RESULTS
11.4.1 Elasmobranch bycatch

A total of 48 elasmobranch and one holocephalan species from 21 families were
recorded from the bycatch, based on the present study results and those of Stobutzki et
al. (2001) (Table 11.4.1). The most speciose families recorded were the whaler sharks
(Carcharhinidae) with 12 species and the stingrays (Dasyatidae) with eight species.

The catch rate of elasmobranchs in the tiger/endeavour prawn charter (Chapter 6) was
extremely low with only eight individuals from five species captured in the 192
samples. Elasmobranchs were captured in all codend types, however, the largest two
individuals, a Himantura toshi (505 mm DW) and a Rhynchobatus australiae (420
mm DW) were captured in standard nets.

A total of 23 individuals from eight species were captured in the 96 samples during
the Hervey Bay charter (Chapter 8). The blue-spotted maskray Dasyatis kuhlii (n = 8),
and the Australian butterfly ray Gymnura australis (n = 5), were the most commonly
recorded species. The two largest individuals, Himantura toshi with 520 mm and 730
mm DW, were captured in nets without TEDs, however a G. australis of 620 mm DW
was captured in a net fitted with a TED.

Twelve species of elasmobranchs were recorded from the 120 samples undertaken in
the shallow water eastern king prawn charter (Chapter 5) totalling 409 individuals.
Elasmobranchs were recorded from 84 of the 120 samples in this sector (Figure
11.4.1). The species composition was dominated by three species, Aptychotrema
rostrata (Rhinobatidae), Trygonoptera testacea (Urolophidae) and Urolophus
kapalensis (Urolophidae), which together represented 91.9% of the elasmobranch
catch by number, and 79.1% by mass (Table 11.4.2). Aptychotrema rostrata was
recorded from 66 of the 120 trawl measurements (Figure 11.4.1b) and urolophids
from 30 of the 120 trawl measurements (Figure 11.4.1c).
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Table 11.4.1. Elasmobranch species recorded in the QECTF bycatch based on results from
the present study and those Stobutzki et al. (2001). BP, banana prawn; EKP, eastern king
prawn; HB, Hervey Bay; SC, scallop; TE, northern tiger/endeavour prawn.

Family Species Fishery Sector
Heterodontidae Heterodontus galeatus EKP
Parascylliidae Parascyllium collare EKP
Brachaeluridae Heteroscyllium colcloughi EKP
Orectolobidae Orectolobus maculatus EKP
Hemiscylliidae Chiloscyllium punctatum SC, TE
Hemiscyllium ocellatum TE
Scyliorhinidae Asymbolus analis EKP
Asymbolus rubiginosus EKP
Atelomycterus sp. 1 [Jacobsen & Bennett] SC
Galeus boardmani EKP
Triakidae Mustelus sp. C [White] EKP
Hemigaleidae Hemigaleus australiensis HB, SC, TE
Carcharhinidae Carcharhinus altimus BP
Carcharhinus brevipinna BP
Carcharhinus dussumieri BP
Carcharhinus leucas BP
Carcharhinus limbatus BP
Carcharhinus macloti BP
Carcharhinus melanopterus TE
Carcharhinus sorrah BP
Carcharhinus tilstoni TE
Loxodon macrorhinus SC
Rhizoprionodon acutus BP
Rhizoprionodon taylori BP
Sphyrnidae Eusphyra blochii BP
Sphyrna lewini BP
Pristidae Pristis zijsron BP
Rhynchobatidae ~ Rhynchobatus australiae BP, SC, TE
Rhinobatidae Aptychotrema rostrata EKP, HB, SC
Trygonorrhina sp. A [Last & Stevens, 1994] EKP
Hypnidae Hypnos monopterygius EKP
Rajidae Dipturus australis EKP
Dipturus polyommata EKP
Urolophidae Trygonoptera testacea EKP
Urolophus kapalensis EKP
Urolophus sufflavus EKP
Dasyatidae Dasyatis fluviorum BP
Dasyatis kuhlii EKP, HB, SC, TE
Dasyatis leylandi BP, HB, SC, TE
Dasyatis thetidis EKP
Himantura sp. A [Last & Stevens, 1994] SC, HB
Himantura toshi BP, SC, TE
Himantura uarnak BP
Himantura undulata BP, SC
Gymnuridae Gymnura australis BP, EKP, HB, SC
Myliobatidae Aetomylaeus nichofii HB
Rhinopteridae Rhinoptera spp. BP
Chimaeridae* Hydrolagus lemures EKP

* Holocephali
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Figure 11.4.1. Catch-frequency distributions of elasmobranchs captured in the eastern king

prawn sector. (a) All species, shallow water component; (b) Aptychotrema rostrata, shallow
water component; (c) Urolophids combined, shallow water component; (d) All species, deep
water component.

The generalised linear model predicted probabilities of capturing A. rostrata and
urolophids in a two-nautical mile trawl in the shallow water eastern king prawn
fishery sector are provided in Table 11.4.3. There were no significant effects due to
codend treatment type for either A. rostrata or the urolophids. The catch of A. rostrata
from all net types during the survey was dominated by immature individuals in the
size range 360—-460 mm TL (Figure 11.4.2a). Urolophids (T. testacea and U.
kapalensis) were dominated by individuals in the size range 240-320 mm TL

(Figure 11.4.2b).
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Table 11.4.2. Elasmobranch bycatch from the shallow water eastern king prawn charter.

Species Common name Number % Mass %
Catch (kg) Mass

Aptychotrema rostrata Eastern shovelnose ray 158 38.63 52,51 40.13
Trygonoptera testacea Common stingaree 156 38.14 38.93 29.75
Urolophus kapalensis Kapala stingaree 62 15.16 12.06 9.21
Dasyatis kuhlii Blue-spotted maskray 12 2.93 7.75 5.92
Heterodontus galeatus Crested horn shark 4 0.98 8.30 6.34
Hypnos monoterygius Coffin ray 4 0.98 3.83 2.93
Trygonorrhina sp. A Eastern fiddler ray 3 0.73 0.75 0.57
Orectolobus maculatus Spotted wobbegong 3 0.73 0.72 0.55
Heteroscyllium colcloughi  Bluegray carpetshark 2 0.49 4.55 3.48
Asymbolus analis Grey spotted catshark 2 0.49 0.74 0.57
Asymblous rubiginosus Orange-spotted catshark 2 0.49 0.53 0.41
Mustelus sp. C* - 1 0.24 0.18 0.14
Total: 409 130.85

* [Last and Stevens, 1994]; # [White]

Table 11.4.3. Predicted probabilities of capturing the eastern shovelnose ray (Aptychotrema
rostrata) and urolophids (Trygonoptera testacea and Urolophus kapalensis) based on 120
trawls undertaken during the shallow water eastern king prawn charter. Standard errors in
parenthesis.

Codend treatment Probability of capture
type Aptychotrema rostrata Urolophids
Standard 0.56040 (0.0792) 0.2265 (0.0401)
BRD 0.5634 (0.0915) 0.2554 (0.0509)
TED 0.6110 (0.0673) 0.2744 (0.0405)
BRD + TED 0.4825 (0.0567) 0.2456 (0.0451)
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Figure 11.4.2. Size-frequency distributions of elasmobranchs captured during the shallow

water eastern king prawn charter. (a) Aptychotrema rostrata; (b) Urolophids combined
(Trygonoptera testacea and Urolophus kapalensis).

Nine elasmobranch and one holocephalan species were recorded from the 130
samples undertaken during the deepwater eastern king prawn charter (Chapter 9)
totalling 65 individuals. Elasmobranchs were recorded from 41 of the 130 samples
(Figure 11.4.1d). The species composition was dominated by Dipturus polyommata
(Rajidae), Asymbolus rubiginosus (Scyliorhinidae) and Galeus boardmani
(Scyliorhinidae), which together represented 83.5% of the catch by number and
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64.6% by mass (Table 11.4.4). Individuals captured were generally small, with only
five elasmobranchs weighing > 500 g. Generalised linear modelling revealed a
significant difference between codend treatment types for A. rubiginosus, but not for
D. polyommata or G. boardmani (Table 11.4.5).

Table 11.4.4. Elasmobranch bycatch from the deepwater eastern king prawn charter.

Species Common name Number % Mass %
Catch (kg) Mass
Dipturus polyommata Argus skate 23 35.83 4.40 21.3
Asymbolus rubiginosus Orange-spotted catshark 20 30.77 6.20 30.0
Galeus boardmani Sawtail shark 11 16.92 2.75 13.3
Asymbolus analis Grey spotted catshark 4 6.15 0.55 2.7
Hypnos monopterygius Coffin ray 2 3.08 0.35 1.7
Aptychotrema rostrata Eastern shovelnose ray 1 1.54 1.30 6.3
Dasyatis thetidis Black stingray 1 1.54 2.50 121
Trygonoptera testacea Common stingaree 1 1.54 0.30 15
Urolophus sufflavus Yellowback stingaree 1 1.54 0.30 15
Hydrolagus lemures* Blackfin ghostshark 1 1.54 2.00 9.7
Total: 65 20.65
* Holocephali

Table 11.4.5. Predicted probabilities of capturing the orange-spotted catshark (Asymbolus
rubiginosus), the argus skate (Dipturus polyommata) and the sawtail shark (Galeus
boardmani) based on 130 trawls undertaken during the deepwater eastern king prawn charter.
Standard errors in parenthesis.

Codend Probability of capture
treatment type Asymbolus rubiginosus Dipturus polyommata  Galeus boardmani
Standard 0.4154 (0.0031) 0.1684 (0.0779) 0.0504 (0.0346)
BRD 0.0154 (0.00002) 0.2361 (0.0539) 0.0748 (0.0289)
TED 0.4154 (0.0022) 0.1378 (0.0310) 0.0623 (0.0432)
BRD + TED 0.0154 (0.0001) 0.2214 (0.0368) 0.0791 (0.0254)

Eleven elasmobranch species were recorded from the 236 trawl measurements
undertaken during the scallop charter (Chapter 7) totalling 205 individuals.
Elasmobranchs were recorded from 100 of the 236 trawl measurements. The species
composition was dominated by Aptychotrema rostrata (Rhinobatidae), Dasyatis kuhlii
and D. leylandi (Dasyatidae), which together represented 91.2% of the catch by
number and 60.9% by mass (Table 11.4.6.). A single large (1330 mm DW) leopard
whipray Himantura undulata represented 20.9% of the elasmobranch catch by mass.
Generalised linear modelling revealed a significant effect in catch rates due to codend
treatment type for the A. rostrata, but not for D. kuhlii or D. leylandi (Table 11.4.7).
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Table 11.4.6.. Elasmobranch bycatch from the scallop fishery charter.

Species Common name Number % Mass %

Catch (kg) Mass
Aptychotrema rostrata Eastern shovelnose ray 107 52.20 72.47 37.82
Dasyatis kuhlii Blue-spotted maskray 48 23.41 37.11 19.36
Dasyatis leylandi Painted maskray 32 15.61 7.20 3.76
Rhynchobatus australiae White-spotted guitarfish 8 3.90 12.82 6.69
Chiloscyllium punctatum Grey carpetshark 3 1.46 5.20 2.71
Gymnura australis Australian butterfly ray 2 0.98 5.49 2.86
Loxodon macrorhinus Sliteye shark 1 0.49 1.50 0.78
Hemigaleus australiensis ~ Australian weasel shark 1 0.49 0.47 0.24
Himantura sp. A* Brown whipray 1 0.49 0.89 0.47
Himantura toshi Black-spotted whipray 1 0.49 8.50 4.44
Himantura undulata Leopard whipray 1 0.49 40.00 20.87
Total: 205 191.65

* [Last and Stevens, 1994]

Table 11.4.7. Predicted probabilities of capturing the eastern shovelnose ray (Aptychotrema
rostrata), the blue-spotted maskray (Dasyatis kuhlii) and the painted maskray (Dasyatis
leylandi) based on 236 trawls undertaken during the scallop fishery charter. Standard errors in
parenthesis.

Codend Probability of capture
treatment type Aptychotrema rostrata Dasyatis kuhlii Dasyatis leylandi
Standard 0.2694 (0.0362) 0.1509 (0.0309) 0.1540 (0.0387)
BRD 0.3582 (0.0322) 0.1363 (0.0318) 0.0851 (0.0356)
TED 0.2136 (0.0308) 0.1506 (0.0313) 0.1067 (0.0337)
BRD + TED 0.1934 (0.0327) 0.1208 (0.0309) 0.1273 (0.0362)

11.4.2 New information on the occurrence of elasmobranchs

Samples collected from research charters provided new information of the occurrence
and distribution of several species in Queensland waters. The grey spotted catshark
Asymbolus analis was recorded for the first time from Queensland, the Sydney skate
Dipturus australis was confirmed from the state, and significant southern range
extensions were documented for the painted maskray Dasyatis leylandi and the
banded eagle ray Aetomylaeus nichofii.

Asymbolus analis was trawled from the shallow and deep water sectors of the eastern
king prawn fishery, at depths of 85-159 m. The species is endemic to the east coast of
Australia, and was previously thought to be confined to New South Wales and
Victorian waters from Port Macquarie south to Lakes Entrance. Records collected in
the present study provide the first account of A. analis from Queensland waters.
Asymbolus includes eight species restricted to Australian waters (Last, 1999) and an
undescribed species from New Caledonia (Séret, 1994). Further information on the
taxonomy and life history of the species in Queensland waters is provided in Kyne et
al. (2005).
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A specimen of D. australis was captured in the deepwater eastern king prawn fishery
in 135 m. The individual was deposited in the Queensland Museum and represents the
third specimen from Queensland held there. Dipturus australis is reported to be “the
most common skate on the continental shelf of central eastern Australia” (Last and
Stevens, 1994), being recorded from off Moreton Bay south to Jervis Bay, New South
Wales. Last and Stevens (1994: 347) state that “records of this species from prawn
trawl catches from southern Queensland require validation”. This specimen, taken by
a commercial prawn trawler, confirms that the Queensland trawl fishery interacts with
this species. Despite its apparent common occurrence off New South Wales, this
species appears to be uncommon in Queensland waters.

Two specimens of Dasyatis leylandi were captured during the Hervey Bay charter at a
depth of 11 m. These records represent a significant new southern range extension for
the species on the east coast of Australia (about 1200 km), having previously been
recorded from northern Australia between Monte Bello Islands, Western Australia and
Townsville, Queensland, as well as New Guinea (Last and Stevens, 1994). The
species appears to be relatively common on the scallop trawling grounds between
Hervey Bay and Gladstone.

A specimen of Aetomylaeus nichofii was captured during the Hervey Bay charter at a
depth of 8 m. Last and Stevens (1994) report that A. nichofii has an Indo-West Pacific
distribution from southern Japan to Australia and west to India. In Australia it was
reported in tropical waters from Bonaparte Archipelago, Western Australia to Cairns,
Queensland. The Hervey Bay specimen significantly expands the previously
documented southern range of the species on the east coast of Australia (by ~1600
km).

Further information on the above new records as well the biogeography of other
Queensland elasmobranchs is provided in Kyne et al. (2005).

11.5 DISCUSSION

At least 94 elasmobranch and two holocephalan species occur in the managed area of
the QECTF (Last and Stevens, 1994). Half of these species were recorded in the trawl
bycatch, based on data considered herein. Results indicate that elasmobranch bycatch
is variable between sectors, with the highest catch rates in the eastern king prawn
sector. While TEDs are likely to reduce the capture of large elasmobranchs (Brewer,
1999) preliminary results suggest that neither TEDs nor BRDs are impacting upon the
retention of small individuals and species.

Codend type (i.e., Standard codend, BRD, TED, or BRD+TED) did not significantly
affect the capture of A. rostrata (commonly to 850 mm TL), T. testacea (to 450 mm
TL) or U. kapalensis (to 360 mm TL) — all relatively small species in the shallow
water eastern king prawn fishery. Furthermore, codends fitted with TEDs actually had
the highest predicted probability of A. rostrata capture, and standard codends (no
TED or BRD) had the lowest probability of capturing urolophids. However, it needs
to be noted that these differences were not significant. The fact that urolophids were
often captured in aggregations may have influenced these results.
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As female A. rostrata are known to mature at 540-660 mm TL and males at 600-680
mm TL (Kyne and Bennett, 2002), the majority of individuals captured during the
shallow water eastern king prawn charter were immature. In contrast, both urolophid
species (males and females) appear to mature at between 230-270 mm TL (Kyne,
unpublished data), indicating that a considerable proportion of mature individuals
were captured. The opportunistic sampling also revealed high catches of neonates at
certain times of the year, resulting in high levels of trawl-induced juvenile mortality.
Furthermore, gravid female T. testacea often abort near-term embryos after capture.
While A. rostrata appears to be a hardy species, usually capable of surviving trawling,
urolophids appear to have lower survivability (unpublished information on capture
mortality and survivability). Therefore, high rates of mortality at all life stages may
have negative impacts on the viability of urolophid populations. Data from the South
East Trawl Fishery in New South Wales support this suggestion, where after 20 years
of fishing the capture of four urolophid species has suffered a 45-90% reduction
depending on area (Graham et al., 2001).

One species of particular concern that has been recorded as bycatch in the QECTF is
the bluegray carpetshark Heteroscyllium colcloughi. This species is listed as
Vulnerable on the IUCN Red List of Threatened Species and occupies a restricted
range centred in south-east Queensland, which receives high fishing effort in the
eastern king prawn fishery. Prawn trawl bycatch is considered one of the most
important threatening processes acting upon this species (Pogonoski et al., 2002). A
total of six individuals of this species have been recorded from both charters and
opportunistic sampling during the present study, including a female of 670 mm TL
captured in a net fitted with a TED (the species is reported to 850 mm TL).

Australia has recently released its draft National Plan of Action for the Conservation
and Management of Sharks which highlights the need to reliably assess the bycatch of
elasmobranchs in Australian fisheries and undertake research into bycatch reduction
techniques. The project is attempting to meet these needs in the QECTF and will
provide the first information on elasmobranch bycatch in many sectors of the fishery.
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12 Objective 4. Review the known biology and distribution of all

recently approved “permitted fish” species associated with the
trawl fishery.

J. A. Haddy

12.1 INTRODUCTION

Recent changes in the management plan of Queensland East Coast Trawl Fishery
(QECTF) allow commercial fishers to retain non-target byproduct species. These
species include barking crayfish (Linuparus trigonus), Balmain bugs (Ibacus spp.),
three spot crabs (Portunus sanguinolentus), mantis shrimps, (Stomatopoda), cuttlefish
(Sepia spp.), octopus (Octopus spp.), pipehorses (Solegnathus spp.) and pinkies
(Nemipterus spp.). Several of these groups consist of numerous species and currently
there is no available information on the catch composition and abundance of these
species within the fishery. Individual log records of these species have only recently
been introduced. These records for 2000 to 2002 are shown in Figure 12.1.1. Despite
the obvious economic importance these species contribute to the overall value of the
QECTF very little research has been conducted on their biology and or sustainable
management.
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Figure 12.1.1 Approximate value of “permitted species” based on reported logbook landings
from 2000 — 2002

The following review outlines the known biology of these recently permitted species.
Please note that a report on the Queensland sand crab fishery is currently being
compiled and to avoid unnecessary duplication, the biology of sand crabs has not been
reviewed here. Readers should therefore refer to the following reviews, Chaplin et al.,
(2001), Melville-Smith et al., (2001), Potter et al., (2001), Sumpton et al., (2002) for
information on sand crabs.
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12.1.1 Barking crayfish (Linuparus trigonus)

Barking crayfish, also known as spear or champagne lobsters, are one of three extant
species of the genus Linuparus and belong to one of eight genera of the Palinuridae
family (spiny lobsters) (Holthuis 1991). They are a deepwater lobster inhabiting
waters from 81 to 313 m, and are distributed in the Indo-Pacific region, including
Japan, Taiwan, Philippines and eastern and western Australia. There is some evidence
that shows that these lobsters may live in burrows as their catch rates have been
shown to display diel variability, and fossil records indicate that Linuparus species are
associated with burrows (Bishop and Williams, 1986). Off Townsville Linuparus
trigonus occur in sufficient densities to support a commercial fishery. The fishery is
confined to a small, well-defined area of the continental slope, about 70 km by 20 km
in area. With the development of an export market for barking crayfish several fishers
have targeted this deepwater species over recent years. This increase in fishing effort
for the species has resulted in a marked increase in landings and during 2000 an
estimated 100 tonnes were landed worth approximately $1.4 million dollars (QFS
Logbook data). However despite the economic importance of this resource very little
is known about the biology of L. trigonus.

Planurid lobsters exhibit five major phases within the life cycle: adult, egg,
phyllosoma (larval stages), puerulus (postlarval stage) and juvenile (Lipicus and
Cobb, 1994). Fertilisation is external whereby the male deposits a spermatophoric
mass on the female’s sternum. The female rasps the spermatophoric mass prior to
spawning to release sperm for fertilising the eggs as they are extruded onto the
abdomen and pleopods. The female then carries the egg mass on her abdomen where
they develop and hatch as a phyllosoma larvae, which disperse offshore to develop
over a long oceanic larval phase prior to settling as post larvae. The first larval stage
of Linuparus species hatch in a more advanced condition than other planurid lobsters,
which indicates that the larval phase has been shortened in these deepwater species
(Baisre, 1994), however the duration and total number of the larval phases in
Linuparus species is currently unknown. Anecdotal evidence indicates that the catch
rates of small lobsters increase with depth. This trend indicates that barking crayfish
settle in deep water and move to shallower water as they grow (Ward, unpublished
data).

There are only two detailed biological studies on L. trigonus. Kim (1977) studied
gametogenesis and early development of L. trigonus from Asian waters. This study
demonstrated that these lobsters have an annual reproductive cycle that can be
classified into four successive stages: multiplication stage from September to
December, growing stage from January to March, maturation division stage from
April to May, and mature stage from June to August. Spawning took place from May
to August with a peak of activity from late July to early August. Wassenberg and Hill
(1989) investigated the diet of L. trigonus and demonstrated that these lobsters were
predators of slow moving or near sessile benthic invertebrates, with its diet consisting
mainly of bivalves, gastropods, ophiuroids, crustaceans, polychaetes and
foraminiferans.

The lack of information on this species highlights that more research is needed to
ensure that this byproduct fishery is properly developed and sustainable. Research
activities should be centred on obtaining an understanding of the reproductive
capacity of the Queensland population and growth rates in L. trigonus.
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12.1.2 Balmain bugs, Ibacus spp.

Balmain bugs are marine lobsters of the genus Ibacus and belong to the family
Scyllaridae. There are eight species of Balmain bugs and five of these species are
known to occur in Queensland waters: |. alticrenatus, I. brevipes, 1. brucei, I. chacei
and 1. peronii (Brown and Holthuis, 1998). The distributions, depth range and
maximum sizes of Queensland’s Ibacus species are shown in Table 12.1.1. Balmain
bugs typically inhabit soft bottom substrates such as sand, mud and clay, which allow
them to dig into the substrate and cover themselves (Holthuis, 1991). Captive studies
on |. peronii indicated that both locomotion and feeding are nocturnal activities and
that during the day animals remain buried in the substrate (Suthers and Anderson,
1981). Their diet consists of small benthic invertebrates and animal remains (Suthers
and Anderson, 1981).

Table 12.1.1. Distributions, depth ranges and maximum sizes of Queensland’s Ibacus species

Species Max size CL (mm) Depth (m) Distribution

I. alticrenatus 63 82-686 South of the Coral Sea
I. brevipes 45 186-457 North of the Coral Sea
I. brucei* 72 83-559 South of Central QLD
I. chacei* 76 22-330 South of Innisfail

I. peronii 86 4-288 South of Moreton Bay

* Indicates the major species harvested in Queensland

As with spiny lobsters, Ibacus species carry their eggs on the pleopods underneath the
abdomen. Newly deposited eggs of 1. peronii are bright orange and spherical. During
incubation the eggs develop two black eye-spots and as hatching approaches egg
colour changes to a brown colour with two enlarged eye-spots (Stewart et al., 1997).
Observations by Stewart et al. (1997) on captive berried I. peronii indicated the
incubation period lasted between three to four months. Female I. peronii and I. chacei
reach sexual maturity at a carapace length of approximately 50 mm and 54 mm
respectively. Fecundity estimates of Ibacus spp. have only been determined for I.
peronii and range from 5000 to 37,000 eggs (Stewart et al., 1997). I. peronii hatch as
an actively swimming pre-phyllosomata that transforms into a phyllosoma within 15
to 20 minutes by unfolding the swimming legs (Stewart et al., 1997). Newly hatched
and unfolded phyllosoma larvae are flattened and transparent and range in size from
2.6—3 mm in total length, depending on species (Ritz and Thomas, 1973). The larvae
then undergo 7-8 moults prior to metamorphosing into nisto (= puerulus in
Palinurids) larvae (Ritz and Thomas, 1973; Takahashi and Saisho, 1978; Atkinson and
Boustead, 1982). The nisto larva is a transitory stage between the planktonic
phyllosoma and the benthic juveniles. Successful rearing experiments on Ibacus spp.
indicate that larvae reach the nisto stage within 65-76 days (Takahashi and Saisho,
1978; Mikami and Takashima, 1993) and stay in this stage for a further 21-26 days
before moulting into juveniles (Takahashi and Saisho, 1978; Atkinson and Boustead,
1982). These periods indicate that the planktonic phase of Ibacus spp. would require
at least three months at sea.

Very little biological information is available for Queensland’s Ibacus species. 1.

chacei and 1. brucei appear to be the dominant Balmain bugs caught in the QECTF,
however some commercial fishers report catching commercial quantities of I.
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alticrenatus. Data from tag/recapture studies in NSW on 1. peronii and I. chacei
indicated that I. peronii exhibited a classic nomadic pattern of movement and that I.
chacei underwent a long northward migration (Stewart and Kennelly, 1998). This
movement combined with the fact that reproductively active animals are not found off
the New South Wales coast indicates that I. chacei migrates to spawn off the
Queensland coast, with the larvae being distributed in a southerly direction via the
East Australian current.

Ibacus peronii and 1. chacei are the only species of Balmain bugs in which growth has
been studied. Stewart and Kennelly (2000) showed that smaller individuals of both
Ibacus species displayed a higher moulting frequency and larger moult increments
than larger individuals. The von Bertalanffy growth parameters L., and K estimated by
Stewart and Kennelly (2000) for I. chacei and I. peronii are given in Table 12.1.2, the
size at age zero was set at 12.2 mm.

Table 12.1.2. von Bertalanffy growth parameter estimates for I. peronii and I. chacei

Parameter Ibacus peronii Ibacus chacei

J ? d ?
L. 64.8 81.1 72.8 71.9
K 0.504 0.431 0.440 0.730

Kennelly and Stewart (2000) showed that growth was rapid in the first four years but
dramatically slowed thereafter indicating that male and female 1. peronii reached their
Lmax between 7 and 18 years and 5 and 11 years respectively, whereas I. chacei
reached their Lmax between 4 and 7 years (sexes combined). However, caution should
be noted for the population estimates for I. chacei in this study, as only 37 animals
were used in the analysis and that the maximum observed size was considerably lower
than the known maximum size of I. chacei.

12.1.3 Three spot crabs (Portunus sanguinolentus)

The three spot crab, Portunus sanguinolentus is distributed throughout the Indo-West
Pacific region and typically inhabits sandy oceanic habitats to a depth of 30 metres
(Sumpton et al., 1989). These crabs belong to the family Portunidae and are closely
related to the sandcrab Portunus pelagicus. Portunid crabs form extensive fisheries
around the world and a substantial amount is known about their biology. Three spot
crabs are primarily predators of slow moving or sessile benthic macro-invertebrates
such as bivalves and crabs, however fish remains, algae and other decaying material
has also been reported in the diet of this crab (Wu and Shin, 1998, Sukumaran and
Neelakantan, 1997a). As a result these crabs are likely to play an important role in
consuming the discarded bycatch (Wassenberg and Hill, 1982).

The life cycle of three spot crabs involves five phases: egg, zoea, megalopa, juvenile
and adult. Male and female three spot crabs mature between 74 and 90 mm depending
on geographical locality (Campbell and Fielder, 1986, Sukumaran and Neelakantan,
1996; Sumpton et al., 1989; Sarada, 1998). Sumpton et al., (1989) reported that the
smallest sexually mature male and female three spot crabs had carapace widths of 83
and 74 mm respectively (Sumpton et al., 1989). Similarly, Campbell and Fielder
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(1986) demonstrated that female three spot crabs reached their first maturity instar
moult at carapace widths of 75-115 mm. Continuous year-round spawning has been
reported in Hawaiian and Indian populations of three spot crabs (Ryan 1967; Sarada,
1998), however in southern Queensland, Campbell and Fielder (1986) reported that no
ovigerous females were caught from May to July indicating that although three spots
were capable of year-round spawning they were limited by water temperature. A
similar trend has also been reported in Indian populations of three spot crabs during
the monsoon season with the authors suggesting that low in-shore salinity levels may
be responsible for reduced reproductive activity (Sukumaran and Neelakantan, 1998).
The peak breeding season of three spot crabs in Queensland, in which over 50% of
females are ovigerous, extends from October to February (Campbell and Fielder,
1986). Three spot crabs have a size-dependent fecundity ranging from 44,000 to 1.2
million eggs (Sukumaran and Neelakantan, 1997b). Sukumaran and Neelakantan
(1997b) investigated the reproductive potential of the Indian population off the
Karnataka coast and indicated that crabs ranging in carapace width between 100 and
120 mm contributed over 50% of the total egg production of the population.

The population dynamics of three spot crabs have been studied extensively in Indian
waters (Sukumaran and Neelakantan, 1996; Sukumaran and Neelakantan, 1997;
Sarada, 1998). Three spot crabs grow rapidly in their first year with a mean monthly
growth rate of 10.3 and 8.8 mm and attaining carapace widths of 124.1 and 112.5 mm
in males and females respectively after one year (Sukumaran and Neelakantan, 1997).
In contrast Sarada (1998) indicated a faster growth rate with female three spot crabs
reaching 131.5, 155.5 and 160.5 mm, and males reaching 136.8, 164.8 and 171.1 mm
in their first, second and third years, respectively. Estimates of the von Bertalanffy
growth parameters L., (CW), K (annual) and to (annual) for male and females three
spot crabs by Sarada (1998) were 172.9 mm, 1.4939 and —0.0482 in males, and 161.8
mm, 1.574 and —-0.0635 in females. The respective values published by Sukumaran
and Neelakantan (1997) were 195 mm, 0.99, —0.0132 for males, and 188 mm, 0.82
and —0.0975 for females.

12.1.4 Mantis shrimps (Stomatopoda)

Mantis shrimps are marine crustaceans that belong to the order Stomatopoda.
Historically the Australian stomatopod fauna has received very little attention with
most reports detailing taxonomic and distributional details of a few species. However,
Ahyong (2001) recently reviewed the Australian stomatopod fauna in which 72
species are newly reported to Australia. Currently the Australian stomatopod fauna
consists of 146 species in 63 genera many of these species are widely distributed (i.e.,
Indo-West Pacific). Within Queensland waters there are 99 species of mantis shrimps
that range in size from 19 mm to 335 mm. Furthermore, 22 of these species are
endemic to Australia.

Mantis shrimps are highly specialised predators of crustaceans (mainly prawns and
other mantis shrimps), and small fish (Ruppert and Barnes, 1994, Sreelatha and John,
1996). The second pair of thoracic appendages are enlarged for raptorial feeding with
the inner edge of the dactyl possessing numerous long spines or shaped like the blade
of a knife. Prey is captured by “spearing” or “smashing”, depending on whether the
dactyl is extended or folded during the strike (Caldwell and Dingle, 1976). Mantis
shrimps inhabit rock or coral crevices or in burrows excavated in the sea floor and
rigorously defend their territories. They either hunt at the entrance of their burrows,
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crawl on the bottom or swim through the water column in search of prey. When prey
is detected the raptorial claw extends with such force and speed (within four
milliseconds) that captive animals have been known to break the glass of their
aquariums (Jones and Morgan, 1994; Ruppert and Barnes, 1994).

Mantis shrimps are exploited in several parts of the world with the most extensive
fisheries being for Squilla mantis in the Mediterranean, Oratosquilla oratoria in Japan
and Oratosquilla nepa in India (James and Thirumilu, 1993; Ahyong, 2001). Within
these markets they are used as a dependable source of raw material for fishmeal,
poultry feeds, and fertilisers and are also eaten as the meat is reported to posses
medicinal value (James and Thirumilu, 1993). Within Queensland, Moreton Bay
appears to be where the majority of mantis shrimps are harvested. There are currently
20 species known to inhabit Moreton Bay, however some species are too small to be
caught and/or inhabit un-trawlable habitats. Dell and Sumpton (1999) identified eight
species of mantis shrimps within the bycatch from prawn trawling in Moreton Bay,
these included Anchisquilla fasciata, Belosquila laevis, Clorida granti, Eurosquilla
woodmasoni, Harpiosquilla harpax, Odontodactylus cultrifer, Oratosquillina
interrupta, and Oratosquillina stephensoni. The species of mantis shrimps that grow
over 100 mm (animals smaller than this are too small to market) in Queensland waters
are detailed in Table 12.1.3.

The life cycle of the mantis shrimp involves four major phases: egg, larvae, juvenile
and adult. Some mantis shrimp pair for life, sharing the same burrow or retreat
(Rupert and Barnes, 1994). Many populations of mantis shrimps breed for extended
periods often with peaks in frequency in tropical waters. For example, Oratosquilla
nepa spawn over 10 months with peaks in February to April and September to
October off the Mangalore coast (Reddy and Shanbhogue, 1994). Similarly,
Harpiosquilla melanoura spawns over nine months from November through to June
off the south-east coast of India (Lyla et al., 1999). Captive breeding studies have
highlighted that mantis shrimps are capable of multiple broods. For example,
Gonodactylus bredini can spawn up to five clutches within one year. Furthermore,
Hamano and Matsuura (1984) demonstrated that a second spawning occurred 40 days
after the first spawning.

Mantis shrimps usually spawn, brood and hatch their eggs within their burrows. The
eggs of mantis shrimps are agglutinated to form a globular mass in which the female
usually cares for and shapes during incubation (Hamano and Matsuura 1984; Morgan
and Goy, 1987). The incubation period is temperature dependent and becomes shorter
at higher temperatures (i.e. 8 days at 27°C and 23 days at 19°C in Oratosquilla
oratoria, Hamano and Matsuura, 1987). Similarly, Morgan and Goy (1987) reported
that the incubation period of Gonodactylus bredini required 14-15 days at 28°C. Once
hatched the larvae remain in the burrows and pass through one to three pelagic stages,
which contain yolk and do not feed, before leaving the burrow and entering the
plankton as feeding pelagic larvae. The duration and number of larval stages differs
with species but ranges from eight stages over 35-50 days in Gonodactylus bredini
(Morgan and Goy, 1987), eleven stages over 36-59 days in Oratosquilla oratoria
(Hamano and Matsuura, 1987), and three stages over 60—70 days in Heterosquilla
tricarinata (Greenwood and Williams, 1984). The duration of larval development is
also temperature dependent (Hamano and Matsuura, 1987).
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Table 12.1.3. List of the maximum size, depth range and distribution of Queensland mantis
shrimp species that attain sizes greater than or equal to 100 mm in total length

Species TL (mm) Depth (m) Distribution within Queensland

Anchisquilla fasciata * 100 7-55 Moreton Bay north

Anchisquilloides mcneilli 110 14-308 Coral Sea (17 deg) south

Bathysquilla crassispinosa 297 170-420  Coral Sea (23 deg) north

Bathysquilla microps 221 728-1006  Coral Sea (17 deg south)

Belosquilla laevis * 127 0-40 Mackay south

Carinosquilla australiensis 123 20-30 Princess Charlotte Bay to Keeper Reef
Princess Charlotte Bay to Gulf of

Carinosquilla redacta 150 20-45 Carpentaria

Carinosquilla thailandensis 152 11-51 Shelburne Bay to Gulf of Carpentaria

Clorida bombayensis 100 0-47 Gulf of Carpentaria

Clorida wassenbergi 105 21-30 The Gulf of Carpentaria and Arafura Sea

Cloridina moluccensis 108 26-90 Gulf of Carpentaria

Cloridopsis terrareginensis 103 0-25 Carins north

Dictyosquilla tuberculata 124 5-57 Townsville to Gulf of Carpentaria

Erugosquilla grahami 177 ?-66 Gulf of Carpentaria

Erugosquilla woodmasoni * 153 0-55 All QLD

Faughnia serenei 143 73-310 Coral Sea (17-22 deg)

Gonodactylus chiragra 102 Subtidal Rockhampton to Torres Strait

Gonodactylus platysoma 110 Subtidal Southern border to Torres Strait

Harpiosquilla annandalei 137 15-206 Gulf of Carpentaria

Harpiosquilla harpax * 262 0-93 All QLD

Harpiosquilla melanoura 168 60-80 All QLD

Harpiosquilla stephensoni 315 0-46 Yeppoon north

Kempina Mikado 182 30-804 All QLD

Lysiosquilla colemani 170 36-280 Calounda South

Lysiosquilla suthersi 195 55 Cairns (1 only)

Lysiosquilla tredecimdentata 276 Subtidal Townsville South

Lysiosquillina maculate 335 Subtidal All QLD

Lysiosquillina sulcata 153 6 One Tree Island (1 only)

Lysiosquilloides siamensis 180 ? Gulf of Carpentaria

Miyakea nepa 166 2-25 Hinchinbrook Island to Gulf of Carpentaria

Odontodactylus cultrifer * 125 7-51 All QLD

Odontodactylus japonicus 175 30-82 Southern border to Heron Island

Odontodactylus scyllarus 171 0-30 All QLD

Oratosquillina gravieri 123 2-59 Moreton Bay north

Oratosquillina inornata 112 Subtidal Carins to Gulf of Carpentaria

Oratosquillina interrupta * 160 0-25 All QLD

Oratosquillina quinquedentata 155 0-51 Mackay to Gulf of Carpentaria

Oratosquillina stephensoni * 157 6-43 Moreton Bay north

Quollastria capricornae 110 71-212 All QLD

Quollastria gonypetes 104 13-73 All QLD

Quollastria kapala 110 131-411  Mooloolaba south

* indicates species, which are known to be harvested in Moreton Bay

Once the larva has metamorphosed into a juvenile it enters a growth phase. There are
only a few studies that report on the population dynamics of mantis shrimps. Dell and
Sumpton (1999) showed that the most abundant species of mantis shrimp in Moreton
Bay, Oratosquillina stephensoni, exhibited bi-modal length-frequency distributions,
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suggesting the presence of two age cohorts and that this species exhibited fast growth
(L= 163mm, K = 1.52 year™) and a high instantaneous mortality rate (3.8—4.7 year™)
with an estimated life span of 2.5 years.

12.1.5 Cuttlefish (Sepia spp.)

There are at least 31 species of cuttlefish (Sepia spp.) in Australian waters and 17 of
these are known to inhabit Queensland’s east coast (Reid, 2000; Lu, 1998). Some of
these species are small and do not contribute to commercial catches while other
species such as Sepia apana can grow up to over 50 cm in mantle length and weigh
over 5 kg. The taxonomy and biology of the cuttlefish are not well understood and
have received scant attention. The known distributions, depth ranges and maximum
sizes of Queensland Sepia species are listed in Table 12.1.4.

Table 12.1.4. Distributions, depth ranges and maximum sizes of Queensland cuttlefish

species
Species Max Size Depth Distribution
DML (mm) (m)

S. apama 520 1-100  Southern Australia:

South of Moreton Bay (27°25'S, 153°20'E)
S. bidhaia 47 200-304 Eastern Australia :

17°20'S, 146°41'E to 22°07'S, 153,19'E
S. braggi 80 30-146  Southern Australia:

South of the Gold Coast (26°30'S, 153°44'E)
S. cultrata 93 132-803 Southern Australia:

South of the Gold Coast (26°35'S, 153°45'E)
S. elliptica 173 16-142  Indo-West Pacific:

North of the Capricorn Group (23°30'S, 152°00'E)
S. latimanus 138 ? Indo-West Pacific:

North of the Capricorn Group (23°00'S, 152°00'E)
S. limata 42 43-146  South East Australia:

South of the Gold Coast (26°36'S, 153°35'E)
S. mestus 67 0-146  Eastern Australia:

South of Lizard Island (14°40'S, 145°28'E)
S. mira 55 ? Eastern Australia :

South of Lizard Island (14°40'S, 145°28'E)
S. opipara 116 83-184  Northern Australia:

North of the Gold Coast (36°57'S, 151°45'E)
S. papuensis 99 17-155  Indo-West Pacific:

All of QId
S. pharaonis 247 25-102 Northern Australia:

North of the Capricorn Group (23°32'S, 151°44'E)
S. plangon 88 1-83  Eastern Australia :

All of Qld
S. rex 113 55-400 Southern Australia:

South of the Gold Coast (22°35'S, 153°46'E)
S. rosella 141 27-183  South East Australia:

South of the Gold Coast (27°42'S, 153°32'E)
S. smithi 133 33-138  Northern Australia:

North of Moreton Bay (27°25'S, 153020'E)
S. whitleyana 174 23-160 Eastern Australia :

All of Qld

Cuttlefish are primarily demersal ranging from shallow waters to the upper
continental slope (about 600 m). Many cuttlefish species bury themselves in the
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sediment with only their eyes exposed. In this way they can hide from predators and
ambush prey such as fish, prawns and crabs. Cuttlefish exhibit fast growth rates and
typically live for 1 to 2 years. The eggs are usually large, up to the size of a ping-pong
ball for Sepia latimanus, which places eggs individually into spaces in staghorn corals
(Norman and Reid, 2000). Other Sepia species attach their eggs in clusters to various
substrates with egg clusters of some species being removed by trawling (Boletzky,
1983; Moltschaniwskyj and Jackson, 2000). Eggs hatch as juveniles and commence
feeding immediately with reproductive activity increasing in the later 1/2 to 2/3 of the
life cycle (Boletzky 1983; Gabr et al., 1998). Males typically mature at much smaller
sizes than females however specific information on the majority of Queensland
species is currently lacking. Generally adults usually die after spawning and spawn
only once, however some species of Sepia spawn smaller clutches of eggs over a
spawning period until the ovary is empty (Boletzky, 1983; Gabr et al., 1998). Of the
species encountered in Queensland only two have been studied in detail, Sepia
pharonis and Sepia elliptica (Silas et al., 1985; Gabr et al., 1998; Gabr et al., 1999;
Martinez and Moltschaniskyj, 1999; Martinez et al., 2000).

Sepia pharonis

Gabr et al. (1998) studied the maturation, fecundity and seasonality of reproduction of
S. pharonis in the Suez Canal. Their study highlighted that S. pharonis reached sexual
maturity at 61 and 122 mm mantle length (ML) for males and females, respectively,
with animals migrating to breeding grounds and spawning from March to June. In
contrast, Silas et al. (1985) estimated size at first maturity at 119 and 120 mm ML
(male and female, respectively) with spawning occurring from October to August off
the Indian coast at Madras. Maturation of both sexes of S. pharonis over a large size
range points to considerable individual variation in size at maturity. S. pharonis has a
maximum fecundity of 517-1525 ova for females 110-240 mm ML. Gabr et al.
(1998) reported that egg clusters of S. pharonis were laid on hard substrates and
frequently found from April to August in sheltered areas ranging from 0.5 to 5.0 m
deep. In contrast with many other cephalopods S. pharonis appears to display a
multiple spawning pattern in which it is plausible that females lay eggs in different
bouts over a sizeable portion of their life cycle. The absence of dead and spent
females and the highly variable ova sizes in mature animals provides additional
information for the potential of continued egg production in S. pharonis. Furthermore,
it appears that both males and females continue to feed as maturity is reached, which
provides energy for oocyte production without metabolising reserves from other
tissues (Gabr et al., 1999). Growth studies on S. pharonis show that the growth rate is
different between sexes (Silas et al., 1985 Table 12.1.5)

Table 12.1.5. Age and growth increments of S. pharonis and S. elliptica

S. pharonis S. elliptica

Age Male Female Sexes combined
(months) (mm) (mm)

6 109.4 119.9 60.9

12 186.1 197.8 95.9

18 239.7 248.3 120.3

24 277.3 281.2 137.8

30 303.6 302.5 148.4

36 322 316.3
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Sepia elliptica

Silas et al. (1985) reported that S. elliptica reach sexual maturity between 75 and 115
mm and that spawning animals were caught between October and December, however
the presence of mature animals over a prolonged period in their study suggested that
breeding activity extended over a long period in a year. Although the spawning season
of S. elliptica is yet to be determined in Queensland waters, Moltschaniwskyj and
Jackson (2000) obtained egg clusters of S. elliptica from trawling in July for captive
juvenile growth studies. Furthermore, Martinez and Moltschaniwskyj (1999) collected
adults from February to November and the eggs laid by these captive broodstock were
used for juvenile growth studies. This indicates that S. elliptica has a prolonged
spawning season in Northern Queensland. Kasim (1993) reported on the population
dynamic of Sepia elliptica and that the von Bertalanffy growth parameters, L., K and
to to be 174 mm, 0.0887 and —0.7478 respectively.

12.1.6 Octopus (Octopus spp.)

The taxonomy of benthic octopuses (family Octopododa) is very poor with several
Queensland species being undescribed or poorly described (Norman, 1998). As a
consequence very little is known about Queensland’s octopuses with almost all
published information detailing taxonomic descriptions and biogeographic data. A
taxonomic key of some of the better known octopus occurring in the central and
western Pacific has been compiled by Norman (1998).

Although species-specific information on the biology, distribution and importance to
fisheries in currently lacking for the majority of Queensland’s octopus fauna, there are
several general characteristics of the biology and ecology of octopus. Octopuses
belonging to the Octopodidae family are bottom-dwelling species inhabiting intertidal
areas through to 5 km deep. They inhabit a wide range of habitats ranging from soft
substrates to coral reefs and generally are more active at night foraging for crabs,
shellfish and fish. All octopuses have short life cycles (typically 1-2 years) in which
growth is relatively fast (Wells and Wells, 1977; Joll, 1983; Van Heukelum, 1983).
Females produce a single egg mass, lay their eggs in crevices or lairs, protect and
clean the eggs during incubation and die when the eggs have hatched (Wells and
Wells 1977; Norman and Reid, 2000). Fertilisation takes place within the oviduct or
ovary in which the male inserts a specialised arm holding the spermatophores into the
mantle of the female (Wells and Wells 1977). Octopus produce either small numbers
of large eggs, in which the young hatch as benthic juveniles, or large numbers of
small eggs in which the young hatch as pelagic larvae.

Many of the Queensland octopus species do not inhabit trawlable habitats and do not
contribute to the QECTF. Information from recent research surveys, Norman and Reid
(2000) and Norman (1998), indicate that the most likely species to be caught in
commercial quantities by trawling on the east coast of Queensland are Octopus
australis, Octopus dierythraeus, Octopus exannulatus, Octopus graptus, Octopus
marginatus and the eye-cross octopus (Octopus cf kagoshimensis). Details of these
octopus distributions and known biological details are given in Table 12.1.6.
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Table 12.1.6. Distributions, depth ranges and known biological information of commercially
important octopuses from Queensland waters

SPECIES Distribution Depth Maximum Size Egg length Largest
in Qld (m) TL and weight known
fecundity
0. australis® Southof 25°S  3-134 282mm ?g 12mm Unknown
0. dierythraeus® North of 21°S 0-78 810mm 1500¢ 14 mm* 350
0. exannulatus® North of 27°S 0-84 200mm 75¢g 3.9mm 5000
0. graptus® North of 19°S  11-36 1300 mm 4200 g 28 mm 680
O. marginatus* North of 27°S  1-190m 300 mm 400¢g 3 mm 100,000
0. cf kagoshimensis®  South 0f 23°S  1-115  335mm 200 g 3.8 mm 60,000

1 Stranks and Norman 1992; 2 Norman 1992a; > Norman 1992b; 4 Norman 1998*; ® Norman
unpublished data. * measurement from a sub-mature animal.

12.1.7 Pipehorses (Solegnathus spp.)

Pipehorses are unusual fish belonging to the family Syngnathidae, which also includes
the pipefish, seadragons and seahorses. Over-exploitation of some Syngnathids
species has resulted in the family being red listed as vulnerable under the International
Union for Conservation. Currently there are two species of pipehorses that are
retained by commercial fishers, Solegnathus hardwickii and Solegnathus dunckeri.
Both species are endemic to Australia and are among the largest species of
syngnathids in the world. As a result they are highly valuable in the Asian medicine
market and can obtain prices varying from $130 to $1300 kg™. Currently Queensland
exports between 800-1000 kg of dried pipehorses per year (Connolly et al., 2001).
Anecdotal evidence from fishers indicates that each pipehorse averages $10 per fish,
therefore, as 7067 pipehorses were recorded in logbook data in 2000 the approximate
value of the fishery is $70,000.

Despite their large size and economic importance very little is known about the
biology and ecology of Solegnathus species. S. hardwickii is distributed from Cairns
(16°55” S) to south of the Tweed River (28°10° S) whereas S. dunkeri is distributed
from Fraser Island south to Booti Booti (36°16” S) (Pogonoski et al., 2001). Current
information on the habitat and depth distribution is limited as observations are based
solely from trawl captures. Connolly et al., (2001) reported that pipehorses were only
caught at depths greater than 25 m and appeared to be more abundant with proximity
to reefs in areas having some three-dimensional structure such as sponges and
gorgonian corals. A closely related species from southern Australia, S. spinossimus,
has been recorded from 300-400 m with divers observing them living around sea
whips (Edgar, 1997). The extent of movement by S. hardwickii and S. dunckeri is
unknown, but they are likely to be sedentary as they lack a caudal fin and have
prehensile tails.

Syngnathids are unusual fish in that the male incubates the eggs. Male Solegnathus
species have their eggs embedded in a spongy brood patch on the ventral surface of
the tail. Other species of large syngnathids from Australian waters that use this mode
of reproduction include the seadragons Phyllopteryx taeniolatus and Phycodurus
eques (Mackay, 1998). Pregnant males of S. hardwickii have been found from July
through to October (QFS, 2001). In contrast, Connolly et al. (2001) reports that
pipehorses breed year round with a peak in reproductive activity from mid-winter to
spring based on the observation of the presence of egg scars. However, it must be
noted that the duration and persistence of egg scars on Solegnathus species is
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currently unknown. The minimum size at maturity for male S. hardwickii is 322 mm
and the size at which 50% of pipehorses are mature is 420 mm (Connolly et al., 2001).
Although the brood duration is not known for pipehorses, the seadragons Phyllopteryx
taeniolatus and Phycodurus eques, which display a similar reproductive strategy,
incubate their eggs for 4-5 weeks and eggs hatch over 10 days (Groves, 1998). This
strategy is believed to distribute the young over a wider area, offering the young less
competition from siblings. Brood size in S. hardwickii ranges from 19-207 with eggs
measuring 5 mm in diameter. At hatching juveniles measure 34 mm in total length
and for the first nine months they grow at 1.2 mm per day, however this growth rate
slows down to 0.3-0.5 mm per day once pipehorses are approaching adult sizes.
Current estimates of longevity in S. hardwickii indicate that pipehorses live for 3-5
years and reach a maximum size of 515 mm.

12.1.8 Pinkies (Nemipterus spp.)

Fishes belonging to the Nemipteridae family are marine perciformes that occur in the
tropical-subtropical Indo-West Pacific region and inhabit mud and sand bottoms to a
depth of 410 m, although most species occur in much shallower waters. They belong
to the superfamily Sparoidea, a monophyletic group that also include members of the
families Sparidae (porgies), Lethrinidae (emperor fishes and large eye breams),
Centracanthidae (Picarels) and Lutjanidae (snappers) (Russell, 1990). The genus
Nemipterus is one of five genera belonging to the Nemipteridae family. Nemipterus
fishes are typically pink with yellow, red and/or blue markings with a slender to ovate
body shape. There are currently seven species of Nemipterus that are distributed along
Queensland’s east coast. However, the catch composition and biology of these species
caught by trawlers in Australian waters are poorly understood. N. aurifilum (yellowlip
butterfly bream) and N. theodorei (Theodore’s butterfly bream) inhabit depths ranging
from 24-220 m and 19-410 m, respectively, and are endemic to the east coast of
Australia. N. furcusus (rosy threadfin bream), N. hexodon (yellow banded butterfly
bream) and N. peronii (notched threadfin bream) have wider distributions being also
found throughout South-East Asia and inhabit depths down to 110 m, 80 m and 100
m, respectively (Russell, 1990). Two other species N. marginatus (no local common
name, to 70 m) and N. nematopus (yellow-tipped threadfin bream, to 102 m) have
been caught on the eastern tip of Cape York.

Several studies have investigated the reproductive biology of a variety of Nemipterus
species and indicate that fish mature and spawn after one year (Eggleston, 1972;
Sainsbury and Whitelaw 1984; Acharya, 1990; Samuel, 1990; Vivekanandan, 1991).
The maturity stage of the testes is difficult to assess by eye as its appearance changes
little throughout the year and are relatively small in mature fish (i.e. 1/7 of the body
cavity length, Eggleston, 1972). Ovarian development is easily divided into various
stages of development through macroscopic examination. In young fish the ovary
develops from a small thread to a short solid cylinder and in contrast to the testis lies
beneath the peritoneum. During vitellogenesis the ovary grows to approximately 1/3
to 1/2 of the body cavity length with opaque oocytes clearly visible to the naked eye.
In fully mature fish the ovary is blotched with clusters of hydrated eggs and
vitellogenic eggs of a range of sizes. As no wholly ripe gonads have been found and
vitellogenic eggs are present over a prolonged period in Nemipterus species, they are
most likely to be fractional spawners releasing eggs at several spawnings throughout
the breeding season (Eggleston, 1972). This mode of reproduction is the dominant
mode displayed by tropical and warm temperate marine fishes (Pankhurst, 1998), and
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within the closely related Sparidae family daily broadcast spawning at dusk is
common (Haddy and Pankhurst, 1998; Scott et al., 1993). However, the spawning
behaviour and periodicity and timing of spawning in Nemipterus species is currently
unknown. The fecundity of Nemipterids is directly related to the size of the fish
(Eggleston, 1972; Murty, 1984; Mohan and Velayudhan, 1986; Raje, 1996).
Fecundity estimates range from 5344 to 64,369 eggs in N. mesoprion (Raje, 1996);
23,049 to 139,160 eggs in N. japonicus (Murty, 1984), and 86,184 to 497,230 eggs in
N. delagoae (Mohan and Velayudhan, 1986). The eggs of N. virgatus are small (0.7-
0.8 mm), colourless, buoyant and spherical and hatch in 24 hours as yolk sac larvae
measuring 1.7 mm in length (Aoyama and Sotogaki, 1955; Renzhai and Suifen,
1980).

Nemipterid fishes are entirely carnivorous fishes that feed by sight during the day.
Their main prey items are crustaceans (60-75%), but they also consume small fish,
(8-30%), polychaetes (3—6%) and cephalopods (0.4-5%) (Eggleston 1972; Sainsbury
and Whitelaw, 1984; Salini et al., 1994). Many Nemipterus species show size-related
differences in sex ratio, with large specimens being mainly males. This size-related
skew in sex ratios appears to be due to faster growth rates in males as growth slows at
the onset of sexual maturity in females (Eggleston, 1972; Russell, 1990; Samuel,
1990), however, there is evidence of protogynous hermaphroditism in N. furcosus
(Young and Martin, 1985). Other species of Nemipterus appear to be non-functional
rudimentary hermaphrodites in which males have functional testies, but retain
rudimentary ovarian tissue throughout their life (Young and Martin, 1985; Lau and
Sadovy, 2001).

The von Bertalanffy growth parameters have been estimated for several species of
Nemipterus, however, most of these studies have concentrated on populations from
Asian waters (India to Hong Kong) where substantial fisheries exist for these species.
The mean population parameter estimates generated for N. furcosus, N. hexodon N.
marginatus and N. peronii in these studies are summarised in Table 12.1.7. Values of
K and L., reported for Nemipterus by Pauly (1980) range from 0.27-0.98 and 19.5—
31.5, respectively. N. furcosus and N. peronii are the only species in which the von
Bertalanffy growth parameters have been determined in Australian waters. Sainsbury
and Whitelaw (1984) collected otoliths from N. furcosus captured at the North-West
Shelf (WA) and estimated L., K, t, and M to be 41.9 cm, 0.25, 0.74 years and 1.85
respectively, however these findings were outside the previously known ranges of the
genus indicated by Pauly (1980). Morales-Nin (1989) used several methods to
estimate the growth parameters of N. furcosus from the North-West Shelf and
reported values of L,and K ranging from 26.7-28.4 cm and 0.42-0.71, respectively.
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Table 12.1.7. Population parameter estimates for Queensland Nemipterid species. Note:
Parameter estimates were derived from Fishbase 99 using the references cited below.

Species Lo K 1o M at Life span tm Ly
25°C (yrs) (yrs) (TL)
N. aurifilum® 18.5 (SL) ? ? ? ? ? ?
N. furcosus® 26.7(TL) 045  -0.38 0.94 6.3 1.7 16.0
N. hexodon® 255(TL) 048  -0.36 1.00 5.9 15 15.3
N. marginatus® 19.5(TL) 0.63  -0.29 1.2 45 1.2 12.0
N. nematopus™ 18.5 (SL) ? ? ? ? ? ?
N. peronii® 285(TL) 044  -0.38 0.91 6.4 1.7 16.9
N. theodorei' 20.0 (SL) ? ? ? ? ? ?

! Russell 1990; > Morales-Nin 1989; ® Tandog-Edralin, et al. 1988;. Dwiponggo, et al. 1986; Pauly
1980; * Weber & Jothy 1977; ° Ingles & Pauly 1984; Weber & Jothy 1977;. Wu & Yeh 1986.

12.2 REFERENCES

Acharya, P., 1990. Studies on maturity, spawning and fecundity of Nemipterus
japonicus (Bloch) off Bombay Coast. J. India Fish. Assoc. 20, 51-57.

Ahyong, S.T., 2001. Revision of the Australian stomatopod crustacea. Records of the
Australian Museum, Supplement 26: 1-326.

Aoyama, T.,Sotogaki, N., 1955. On the development of the egg of Nemipterus
virgatus (Houttuyn). Jap. J. Ichthyol. 4, 130-132.

Atkinson, J.M.,Boustead, N.C., 1982. The complete larval development of the
scyllarid lobster Ibacus alticrenatus Bate, 1888 in New Zealand waters.
Custaceana 42, 275-287.

Baisre, J.A., 1994. Phyllosoma larvae and the phylogeny of palinuroidea (Crustacea:
Decapoda): a review. Aust. J. Mar. Freshwat. Res., 45, 925-944.

Bishop, G.A.,Williams, A.B., 1986. The fossil lobster Linuparus canadensis , Carlile
Shale (Cretaceous), Black Hills. Natl. Geogr. Res., 2, 372-387.

Boletzky, S.V., 1983. Sepia officnalis. In: P.R. Boyle, Cephalopod Life Cycles
Volume 1, Species Accounts. Academic Press, New York, pp 267-276.

Brown, D.E., Hothuis, L.B., 2000. The Australian species of the genus Ibacus
(Crustacea: Decapoda: Scyllaridae), with the description of a new species and
addition of new records. Zool. Med. Leiden, 72, 113-141.

Caldwell, R.L., Dingle, H., 1976. Stomatopods. Sci. Am., 234; 80-89.

Campbell, G.R., Fielder, D.R., 1986. Size at sexual maturity and occurrence of
ovigerous females in three species of commercially exploited portunid crabs in
S.E. Queensland. Proc. R. Soc. Qld. 97, 79-87.

Chaplin, J., Yap, E.S., Sezmis, E., Potter, I. C., 2001. Genetic (microsatellite)
determination of the stock structure of blue swimmer crab in Australia. Fisheries
Research & Development Corporation, Final Report 1998/118. pp. 84.

Connolly, R.M., Cronin, E.R., Thomas, B.E., 2001. Trawl bycatch of sygnathids in
Queensland: catch rates, distribution and population biology of Solegnathus
pipehorses (seadragons). Fisheries Research & Development Corporation Final
Report 1999/124. pp 57.

Dell, Q., Sumpton, W. 1999. Stomatopod by-catch from prawn trawling in Moreton
Bay, Australia. Asian Fish. Sci., 12, 133-144.

Dwiponggo, A., Hariati, T., Banon, S., Palomares M.L., Pauly D., 1986. Growth,
mortality and recruitment of commercially important fishes and penaeid shrimps
in Indonesian waters. ICLARM Tech. Rep. 17, 91 p.

150



Permitted species literature review

Edgar, G.J., 1997. Australian Marine Life: The plants and animals of temperate
waters. Reed Books, Australia. P. 425.

Eggleston, D., 1972. Patterns of biology in the nemipteridae. J. Mar. Biol. Ass. India,
14, 357-364.

Gabr, H.R., Hanlon, R.T., Hanafy, M.H., El-Etreby, S.G., 1998. Maturation, fecundity
and seasonality of reproduction of two commercially valuable cuttlefish, Sepia
pharonis and S. dollfusi, in the Suez Canal. Fish. Res. 36, 99-115.

Gabr, H.R., Hanlon, R.T., El-Etreby S.G. & Hanafy, M.H., 1999. Reproductive versus
somatic tissue growth during the life cycle of the cuttlefish Sepia pharonis
Ehrenberg, 1831. Fish. Bull. 97, 802-811.

Greenwood, J.G., Williams, B.G., 1984. Larval and early post-larval stages in the
abbreviated development of Heterosquilla tricarinata (Claus, 1871) (Crustacea,
Stomatopoda). J. Plankton. Res., 6, 615-635.

Groves, P., 1998. Leafy Sea Dragons. Sci. Am. December, pp 54-59.

Haddy, J.A., Pankhurst, N.W., 1998. Annual change in reproductive condition and
plasma concentrations of sex steroids in black bream, Acanthopagrus butcheri
(Munro) (Sparidae). Mar. Freshwat. Res. 49, 389-397.

Hamano, T., Matsuura, S., 1984. Egg laying and egg mass nursing behaviour in the
Japanese mantis shrimp. Bull. Jap. Soc. Sci. Fish., 50, 1969-1973.

Hamano, T., Matsuura, S., 1987. Egg size, duration of incubation and larval
development of the Japanese mantis shrimp in the laboratory. Nip. Sui. Gak. 53,
23-39.

Holthuis L.B., 1991. FAO species catalogue; Vol 13. Marine lobsters of the world. An
annotated and illustrated catalogue of the species of interest to fisheries known
to date. FAO Fish. Synops. 13(125):292 p.

Ingles, J., Pauly, D., 1984. An atlas of the growth, mortality and recruitment of
Philippines fishes. International Centre for Living Aquatic Resources
Management, Manila, Philippines. ICLARM Tech. Rep. 13. 127 p.

James, D.B., Thirumilu, P., 1993. Population dynamics of Oratosquilla nepa in the
trawling grounds off Madras. J. Mar. Biol. Ass. India. 35. 135-140.

Kasim, H.M., 1993. Population dynamics of the cuttlefish Sepia elliptica Hoyle in
Saurashtra waters. J. Mar. Biol. Ass. India, 35, 80-86.

Kim, C.-H., 1977. Gametogenesis and early development of Linuparus trigonus (von
Siebold) Bull. Korean Fish. Soc. 10, 71-96.

Joll, L.M., 1983. Octopus tetricus. In: P.R. Boyle, Cephalopod Life Cycles Volume 1,
Species Accounts. Academic Press, New York, pp 267-276.

Lau, P.P., Sadovy, Y., 2001. Gonad structure and sexual pattern in two threadfin
breams and possible function of the dorsal accessory duct. J. Fish Biol. 58,
1438-1453.

Lipcius, R.N., Cobb, J.S., 1994. Introduction; Ecology and fishery biology of spiny
lobsters. In: Phillips, B.F., Cobb J.S., Kittaka, J. (eds), Spiny Lobster
Management. Blackwell Scientific, Australia. pp 1-24.

Lu, C.C., 1988. A synopsis of Sepiidae in Australian waters (Cephalopoda:
Sepioidea). In: Voss, N.A., Vecchione, M., Toll, R.B., Sweeney M.J. (eds),
Systematics and Biogeography of Cephalopods. Smithsonian Contributions to
Zoology, 586, 159-190.

Lyla, P.S., Panchatcharam, K., Ajmal Khan, S., 1999. Breeding biology of the
stomatopod Harpiosquilla melanoura (Crustacea: Stomatopoda) occurring in
Parangipettai waters, south-east coast of India. Indian J. Mar. Sci. 28, 87-88.

151



Permitted species literature review

Mackay, B. 1998. Seadragons in wild and captive environments. Todays Aquarist 7,
pp 5-9.

Martinez, P., Bettencourt, V., Guerra, A., Moltschaniwskyj, N.A., 2000. How
temperature influences muscle and cuttlebone growth in juvenile cuttlefish
(Sepia elliptica) (Mollusca: Cephalopoda) under conditions of food stress. Can.
J. Zool. 78, 1855-1861.

Martinez, P., Moltschaniwskyj, N.A., 1999. Description of growth in the tropical
cuttlefish Sepia elliptica using muscle tissue. J. Mar. Biol. Ass. UK. 79, 317-
321.

Melville-Smith, R., Bellchambers, L.M., Kangas, M., 2001. The collection of fisheries
data for the management of the blue swimmer crab fishery in central and lower
west coasts of Australia. Fisheries Research & Development Corporation Final
Report 1998/121. pp. 99.

Mikami, S., Takashima, F., 1993. Development of the proventriculus in larvae of the
slipper lobster, Ibacus ciliatus (Decapoda: Scyllaridae). Aquaculture, 116, 199-
217.

Moltschaniwskyj, N.A., Jackson, G.D., 2000. Growth and tissue composition as a
function of feeding history in juvenile cephalopods. J. Exp. Mar. Biol. Ecol.
253, 229-241.

Morgan, S.G., Goy, J.W., 1987. Reproduction and larval development of the mantis
shrimp Gonodactylus bredini (Custacea: Stomatopoda) maintained in the
laboratory. J. Crust. Biol. 7; 595-618.

Mohan, M., Velayudhan, A.K., 1986. Spawning biology of Nemipterus delagoae
(Smith) at Vizhinjam. J.Mar. Biol. Assoc. India. 28, 26-34.

Morales-Nin, B., 1989. Growth determination of tropical marine fishes by means of
otolith interpretation and length analysis. Aquat. Living Resour. 22, 241-253.

Murty, V.S., 1984. Observations on the fisheries of threadfin breams (Nemipteridae)
and on the biology of Nemipterus japonicus (Bloch) from Kakinada. Indian J.
Fish. 31, 1-18.

Norman, M. D., 1992a. Four new octopus species of the Octopus macropus group
(Cephalopoda: Octopodidae) from the Great Barrier Reef, Australia. Memoirs
of the Museum of Victoria. 53, 267-308.

Norman, M. D., 1992b. Ocellate octopuses (Cephalopoda: Octopodidae) of the Great
Barrier Reef, Australia: Descriptions of two new species and redescription of
Octopus polyzenia Gray, 1849. Memoirs of the Museum of Victoria. 53, 309-
344.

Norman, M.D., 1998. Octopodidae; Benthic octopuses. In: Carpenter, K.E., Niem,
V.H. (eds), FAO species identification guide for fishery purposes. The living
marine resources of the Western Central Pacific. Volume 2: FAO, Rome.

Norman, M. D., Reid, A. L., 2000. A guide to squid, cuttlefish and octopuses of
Australia. CSIRO Publishing, Collingwood, pp. 95.

Pankhurst, N.W., 1998. Reproduction. In: Black, K.D., Pickering, A.D. (Eds.),
Biology of Farmed Fish. Sheffield Academic Press, Sheffield. pp. 1-26.

Pauly, D., 1980 On the interrelationships between natural mortality, growth
parameters and mean environmental temperature in 175 fish stocks. J. Cons.
Cons. Int. Explor. Mer. 39, 175-192.

Pogonoski, J.J., Pollard, D.A., Paxton, J.R., 2001. Conservation overview and action
plan for Australian threatened and potentially threatened marine and estuarine
fishes. Report to Natural Heritage Division of Environment Australia.

152



Permitted species literature review

Potter, I.C., Lestang, S.D., Melville-Smith, R., 2001. The collection of biological data
required for management of the blue swimmer crab fishery in the central and
lower west coasts of Australia. Fisheries Research & Development Corporation
Final Report 1997/137. pp. 53.

QFS 2001, Fisheries (East Coast Trawl) Management Plan 1999; Plan Review Paper,
Permitted Fish (other than principal fish) and Steaming Day Review.

Raje, S.G., 1996. Some observations on the biology of Nemipterus mesoprin
(Bleeker) from Veraval (Gujarat). Indian J. Fish. 43, 163-170.

Reddy, H.R.V., Shanbhogue, S.L., 1994a. The reproductive biology of the mantis
shrimp, Oratosquilla nepa (Latreille) from Mangalore. Mahasagar. 27, 67-72.

Reid, A.L., 2000. Australian cuttlefishes (Cephalopoda:Sepiidae): the doratosepion
species complex. Invert. Zool. 14, 1-76.

Renzhai, Z., Suifen, L., 1980. On the eggs and larvae of the goldern-thread
Nemipterus virgatus (Houttuyn). Acta Zool. Sin. 26, 136-139.

Ritz, D.A., Thomas, L.R., 1973. The larval and postlarval stages of Ibacus peronii
Leach (Decapoda, Reptantia, Scyllaridae). Crustaceana. 24, 5-17.

Rupert, E.E., Barnes, R.D. 1994. Invertebrate Zoology. Saunders College Publishing,
Sydney. pp. 1056.

Russell, B.C., 1990. Nemipterid fishes of the world. (Threadfin breams, whiptail
breams, monocle breams, dwarf monocle breams, and coral breams). Family
Nemipteridae. An annotated and illustrated catalogue of nemipterid species
known to date. FAO Fish. Synops. 12(125):149 p.

Ryan, E.P., 1967. The morphometry of sexually mature instars of the crab Portunus
sanguinolentus (Herbst) (Brachyura: Portunidae). Proc. Symp. Crust., Mar.
Biol. Ass. India, Part 11: 715-723.

Sainsbury, K.J., Whitelaw, W.A., 1984. Biology of Peron’s threadfin bream,
Nemipterus peronii (Valenciennes), from the north-west shelf of Australia.
Aust. J. Mar. Freshwat. Res. 35, 167-185.

Salini, J.P., Blaber, J.M., Brewer, D.T., 1994. Diets of trawled predatory fish of the
Gulf of Carpentaria, Australia, with particular reference to predation on prawns.
Aust. J. Mar. Freshwat. Res. 45, 397-411.

Samuel, M., 1990. Biology, age, growth and population dynamics of threadfin bream
Nemipterus japonicus. J. Mar. Biol. Assoc. India. 32, 66-76.

Sarada, P.T., 1988. Crab fishery of the Calicut coast with some aspects of the
population characteristics of Portunus sanguinolentus, P. pelagicus and
Charybdis cruciata. Indian J. Fish. 45, 375-386.

Scott, S.G., Zeldis, J.R., Pankhurst, N.W., 1993. Evidence of daily spawning in
natural populations of the New Zealand snapper Pagrus auratus (Sparidae).
Environ. Biol. Fish. 36, 149-56.

Silas, E.G., Sarvesan, R., Prabhakaran-Nair, K., Appanna-Sastri, Y., Sreenivasan,
P.V., Meiyappan, M.M., Kuber-Vidyasagar, Satyanarayana-Rao, K., Narayana-
Rao, B., 1985. Some aspects of the biology of cuttlefishes. CMFRI Bull. 37, 49-
70.

Sreelatha, A. John, P.A., 1996. Food and feeding habits of Oratosquilla nepa
(Crustacea-Stomatopoda). J. Mar. Biol. Assoc. India. 38, 114-117.

Stewart, J., Kennelly, S.J., 1997. Fecundity and egg-size of the Balmain bug Ibacus
peronii (Leach, 1815) (Decapoda, Scyllaridae) off the east coast of Australia.
Crustaceana. 70, 191-197.

153



Permitted species literature review

Stewart, J., Kennelly, S.J., 1998. Contrasting movements of two exploited Scyllarid
lobsters of the genus Ibacus off the east coast of Australia. Fish. Res. 36, 127-
132.

Stewart, J., Kennelly, S.J., 2000. Growth of the scyllarid lobsters Ibacus peronii and 1.
chacei. Mar. Biol. 136, 921-930.

Stewart, J., Kennelly, S.J., Hoegh-Guldberg, O., 1997. Size at sexual maturity and the
reproductive biology of two species of Scyllarid lobsters from New South
Wales and Victoria, Australia. Crustaceana. 70, 344-367.

Stranks, T.N., Norman, M.D., 1992. Review of the Octopus australis complex from
Australia and New Zealand, with description of a new species (Mollusca:
Cephalopoda). Memaoirs of the Museum of Victoria. 53, 345-373.

Sukumaran, K.K., Neelakantan, B., 1996. Relative growth and sexual maturity in the
marine crabs, Portunus (Portunus) sanguinolentus (Herbst) and Portunus
(Portunus) pelagicus (Linnaeus) along the south-west coast of India. Indian J.
Fish. 43, 215-223.

Sukumaran, K.K., Neelakantan, B., 1997a. Food and feeding of Portunus (Portunus)
sanguinolentus (Herbst) and Portunus (Portunus) pelagicus (Linnaeus)
(Brachyura:Portunidae) along the Karnataka coast. Indian J. Mar. Sci. 26, 35-38.

Sukumaran, K.K., Neelakantan, B., 1997b. Sex ratio, fecundity and reproductive
potential in two marine portunid crabs, Portunus (Portunus) sanguinolentus
(Herbst) and Portunus (Portunus) pelagicus (Linnaeus) along the Karnataka
coast. Indian J. Mar. Sci. 26, 43-48.

Sukumaran, K.K., Neelakantan, B., 1998. Maturation process and reproductive cycle
in two marine crabs, Portunus (Portunus) sanguinolentus (Herbst) and Portunus
(Portunus) pelagicus (Linnaeus) along the Karnataka coast. Indian J. Fish. 45,
257-264.

Sumpton, W.D., Smith, G.S., Potter, M.A., 1989. Notes on the biology of the Portunid
crab Portunus sanguinolentus (Herbst), in subtropical Queensland Waters. Aust.
J. Mar. Freshwat. Res. 40, 711-717.

Sumpton, W.D., Gaddes, S., McLennan, M., Campbell, M., Tonks, M., Good, N.,
Hagedoorn, W., 2002. Assessing the blue simmer crab fishery in Queensland.
Fisheries Research & Development Corporation Draft Report 1998/117. pp 151.

Suthers, 1.M., Anderson, D.T., 1981. Functional morphology of mouthparts and
gastric mill of Ibacus peronii (Leach) (Palinura: Scyllaridae). Aust. J. Mar.
Freshwat. Res. 32, 931-944.

Takahashi, M., Saisho, T., 1978. The complete larval development of the Scyllarid
lobster, Ibacus ciliatus (Von Siebold) and Ibacus novemdentatus (Gibbes) in the
laboratory. Mem. Fac. Fish. Kagoshima Univ. 27, 305-353.

Tandog-Edralin, D., Ganaden S.R., Fox, P. 1988. A comparative study of fish
mortality rates in moderately and heavily fished areas of the Philippines. p. 468-
481. In: Venema, S.C., Christensen J.M., Pauly D., (eds.) Contributions to
tropical fisheries biology. FAO/DANIDA Follow-up Training Course on Fish
Stock Assessment in the Tropics, Denmark, 1986 and Philippines, 1987. FAO
Fish. Rep. (389).

Van Heukelem, W.F., 1983. Octopus cyanea. In: Boyle, P.R., Cephalopod Life Cycles
Volume 1, Species Accounts. Academic Press, New York. pp. 267-276.

Vivekanandan, E., 1991. Spawning and growth of three species of threadfin breams
off Madras. Indian J. Fish. 38, 9-12.

Ward, T.J., Unpublished Data. Diel variability in catches of the deep-water lobster
Linuparus trigonus on the continental slope of Queensland Australia. p. 17.

154



Permitted species literature review

Wassenberg, T.J., Hill, B.J., 1982. Diets of four decapod crustaceans (Linuparus
trigonus, Metanephrops andamanicus, M. australiensis and M. boschmai) from
the continental shelf around Australia. Mar. Biol. 103, 161-167.

Wassenberg, T.J., Hill, B.J., 1989. Diets of four decapod crustaceans (Linuparus
trigonus, Metanephrops andamanicus, M. australiensis and M. boschmai) from
the continental shelf around Australia. Mar. Biol. 103, 161-167.

Weber, W., Jothy, A.A., 1977. Observations on the fish Nemipterus spp. (family
Nemipteridae) in the coastal waters of East Malaysia, 1972. Arch. FischWiss.
28, 109-122.

Wells, M.J., Wells, J., 1977. Cephaloda: Octopoda. In: Giese A.C., Pearse, J.S., (eds),
Reproduction of Marine Invertebrates, Volume 1V. Academic Press, New York,
pp. 291-336.

Wu, R.S.S,, Shin, P.K.S., 1998. Food segregation in three species of portunid crabs.
Hydrobiologia. 362, 107-113.

Wu, C.-L., H.-C., Yeh, S.-Y., 1986. Age and growth of Nemipterus peronii (Cuvier)
in the northwestern shelf off Australia. Acta Oceanogr. Taiwanica 16:74-89.

Young, P.C., Martin, R.B., 1985. Sex ratios and hermaphroditism in nemipterid fish
from northern Australia. J. Fish. Biol. 26, 273-287.

155



Biology of barking crayfish Linuparus trigonus

13 The fishery and reproductive biology of barking crayfish,
Linuparus trigonus (Von Siebold, 1824) in the Queensland East
Coast Trawl Fishery.

J. A. Haddy, D. P. Roy and A. J. Courtney

13.1 ABSTRACT

This chapter describes the fishery and reproductive biology for Linuparus trigonus
obtained from trawl fishers operating off Queensland’s east coast, Australia. The
smallest mature lobster measured 59.8 mm CL, however, 50% maturity was reached
between 80 and 85 mm CL. Brood fecundity (BF) was size dependent and ranged
between 19,287 and 100,671 eggs in 32 females from 59.8 to 104.3 mm CL. The
relationship was best described by the power equation BF = 0.1107*CL*%** (r?=
0.74). Eqgg size ranged from 0.96 to 1.12 mm in diameter (mean = 1.02 + 0.01 mm).
Egg weight and size were not related to lobster size. Length-frequency distributions
displayed a multi-modal distribution. The percentage of female to male lobsters was
relatively stable for small size classes (30 to 70 mm CL; 50.0 to 63.6% females), but
female proportions rose markedly between 75 and 90 mm (72.2 to 85.4%) suggesting
that at the onset of sexual maturity female growth rates are reduced. In size classes
greater than 95 mm, males were numerically dominant. A description of the L.
trigonus fishery in Queensland is also detailed.

13.2 INTRODUCTION

Barking crayfish, Linuparus trigonus (VVon Siebold, 1824), also known as spear or
champagne lobster, is one of three extant species of the genus Linuparus, which is one
of eight genera of the family Palinuridae (spiny lobsters) (Holthuis, 1991). Unlike
most spiny lobsters, Linuparus spp. are generally found in deep water (81-328 m) and
restricted to the Indo-West Pacific region (Bruce, 1965; Berry and George, 1972).
Linuparus lobsters generally occur in relatively low abundance (Holthuis, 1991),
however, L. trigonus occurs in sufficient densities off Townsville, Australia to support
a targeted commercial fishery and also contribute as an important byproduct
throughout the Queensland East Coast Trawl Fishery (QECTF). However, it is
currently unknown whether present exploitation levels are sustainable as very little is
known about the population dynamics of L. trigonus.

Size at sexual maturity and fecundity are some of the most important life history
parameters needed for stock assessment and management of sustainable exploitation
levels (Chubb, 1994). These parameters can be used with other population parameter
estimates such as growth and mortality to develop yield- and egg-per-recruit models.
Discard mortality of trawl-caught crustaceans is relatively low compared to fish (Hill
and Wassenberg, 1990), which enables minimum legal size limits to be effective
management strategies. Currently there is no biological information on L. trigonus to
establish a minimum legal size. The aim of this study was to describe the fishery and
reproductive biology of L. trigonus, to assist in the development of sustainable
management strategies.
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13.3 MATERIALS AND METHODS

Mandatory logbook data of L. trigonus from 2000-2002 were used to examine the
spatial distribution (30 minute grids), total catch, total effort, and catch per unit effort
along the Queensland east coast. Pre-2000 data could not be used in the analyses due
to taxonomic uncertainties in the lobster data associated with other spiny lobster
species.

A sampling program was undertaken between October 2001 and February 2003 and
was totally reliant upon commercial trawl fishers operating between Townsville and
Mooloolaba (Figure 13.3.1) to donate lobsters. An additional frozen sample of
ovigerous females caught in August 2000 was also provided. Lobster sample sizes
ranged between 7 and 182 individuals and samples were obtained from depths
between 120 m and 238 m. Because the targeted fishing effort for L. trigonus is
intermittent throughout the year due to fishers targeting other, more valuable species,
samples were not provided in November 2001 to January 2002, August to September
2002, and December 2002 to January 2003.
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Figure 13.3.1. Spatial distribution of reported mean landings of Linuparus trigonus (Von
Siebold, 1824), from the Queensland East Coast Trawl Fishery (2000-02). Logbook grids that
reported < 0.06 t year™ (< 1% of reported catches) have been omitted for clarity. Sample
numbers (ov = ovigerous) for each location area are detailed in parentheses.
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Specimens were frozen and stored until processed in the laboratory. Once thawed,
total weight (TW; antennal flagella removed), carapace length (CL), sex, gonad
weight (females only), macroscopic gonad condition, ovigerous setae, and stage of
egg development were recorded. Carapace length was measured between the mid-
point of the sub-orbital horns to the posterior edge of the carapace using graduated
Vernier callipers to 0.1 mm. Criteria for macroscopic staging of gonads were obtained
from Stewart et al. (1997) and are detailed in Table 13.3.1. Extruded eggs were
classified as: (1) Early, orange with no pigmentation, (2) Mid, orange with eye-spots
visible, or (3) Late, brown with eye-spots visible.

Estimates of brood fecundity were determined using a gravimetric method. Late stage
ovigerous females were not used due to the fragility of the eggs. Ovigerous females
were placed onto blotting paper and allowed to drain. The entire egg mass was
carefully stripped from the pleopods using curved forceps and weighed (+ | mg).

Table 13.3.1. Macroscopic gonad descriptions of gonadal development and mean
gonadosomatic indices of Linuparus trigonus (Von Siebold, 1824)

Stage Macroscopic description Mean GSI (range)
1 Immature Ovaries clear to white, small, straight and narrow. 0.12
Individual oocytes not visible. (0.05-0.17)
n=>5
2 Immature / Ovaries cream to yellow and small. Individual oocytes not 0.65
regressed visible. (0.11-1.23)
n=79
3 Maturing Ovaries orange, enlarged throughout their length but not 1.62
convoluted. Individual oocytes are just visible through the (0.69 - 2.53)
ovary wall. n=43
4 Mature Ovaries bright orange, swollen and convoluted filling all 5.98
available space in the cephalothoracic region. Individual (2.99 - 10.14)
oocytes are clearly visible through the ovary wall. n=>53
5 Spent Ovaries cream to yellow/orange, large but not convoluted, 1.03
with flaccid and granular appearance. A few residual (0.19 - 2.75)
oocytes can sometimes be seen through the ovary wall. n=17

Between 20 and 500 mg of the egg mass was sub-sampled, weighed (+ 0.01 mg) and
fixed in 70% ethanol. Fecundity sub-samples averaged 251.3 + 27.21 (S.E.) mg and
varied between 0.23 and 5.88% of the total egg mass weight (mean = 2.23%). Eggs
clumps in the sub-sample were separated into individual eggs by dissolving the egg
stalks with sodium hypochlorite. Once separated, the sub-sample was drained, rinsed,
and resuspended in 70% ethanol, poured into a glass Petri dish and scanned at 300
dpi. The total number of eggs in the sub-sample was then determined using computer
image analysis (Image-Pro Plus, version 4.5). Fecundity was estimated by simple
proportion. The mean diameters of freshly thawed individual eggs were determined
from 13 females using a dissecting microscope fitted with a digital camera and
measured using image analysis software. Diameter measurements were taken
radiating at 2 degree intervals for each egg to produce a mean egg diameter. Between
10 and 38 eggs were measured for each female.
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13.4 RESULTS
13.4.1 Analysis of logbook data

The spatial distribution of mean annual landings of L. trigonus from 2000 to 2002 is
shown in Figure 13.3.1. Annual landings for the QECTF in 2000, 2001, and 2002
were 103.4, 50.2, and 13.5 tonnes, respectively. The majority of the catch came from
seasonal trawling in the deep waters (> 90 m) off Townsville, however, substantial
catches were also reported off Mackay and at the Swain Reefs (Figure 13.4.1a). Off
Townsville and Mackay, total annual trawl effort was 825, 294, and 0 boat days and
131, 3, and 0 boat days in 2000, 2001, and 2002, respectively (Figure 13.4.1b). In
contrast, total annual effort remained relatively stable at the Swain Reefs and was
3099, 2916, and 3640 boat-days for 2000, 2001, and 2002, respectively. Overall, the
total catch-per-unit effort (CPUE) was high off Townsville and Mackay with an
average catch rate of 194 and 115 kg per boat-day, respectively, whereas the average
catch rate at the Swain Reefs was only 9.15 kg per boat-day (Figure 13.4.1c). Small
isolated catches were also reported off the south-eastern coast of Queensland.
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Figure 13.4.1. a, Monthly total catch; b, total effort; and, c, catch-per-unit effort of Linuparus
trigonus, (Von Siebold, 1824), between January 2000 and December 2002 along
Queensland’s east coast. Logbook grids that reported < 0.3 t per year (< 5% of reported
catches) have been omitted for clarity.
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13.4.2 Sex ratio and length-frequency distributions

A total of 434 females and 345 males was collected. The length-frequency distribution
of male and female lobsters (locations pooled) displayed multi-modal distributions
(Figure 13.4.2). The percentage of female to male lobsters was relatively stable
throughout the small size classes (30 to 70 mm CL) and ranged between 50.0 and
63.6% females, however, female proportions rose markedly in size classes between 75
and 90 mm ranging between 72.2 and 85.4%. In size classes greater than 95 mm,
males were numerically dominant. Overall, females outnumbered males by 1.19:1.
The length-weight relationship for males and females (antennal flagella removed) was
TW = 0.00034*CL>%*? (n = 285, r*= 0.99), and TW = 0.00038*CL*%* (n = 310, r*
= 0.99) respectively.
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Figure 13.4.2. Size-frequency distributions of male and female Linuparus trigonus (Von
Siebold, 1824). Values on the x-axis are maximum values for each 5 mm size class interval.

13.4.3 Size at maturity

The relationship between female size and ovarian development is detailed in Figure
13.4.3. Females smaller than 58 mm CL possessed immature ovaries. Thereafter, the
proportion of immature stages declined markedly until all females larger than 75 mm
CL possessed ovaries at stage 2 or higher. The smallest sexually mature female
(stages 3-5) was 59.8 mm CL. This individual was ovigerous. The proportion mature
did not exceed 50% until lobsters were larger than 80 mm CL, however, the frequency
of ovigerous lobsters was highest in sizes of 75 to 85 mm CL (Figure 13.4.4).
Lobsters possessing mature ovaries or ovigerous setae were present in all three
locations sampled (Figure 13.3.1).
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Figure 13.4.3. Proportions of female Linuparus trigonus (\VVon Siebold, 1824) in relation to
size and ovarian maturation
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Figure 13.4.4. Size-frequency distribution of ovigerous Linuparus trigonus (Von Siebold,
1824)

13.4.4 Size-specific brood fecundity and egg size

The brood fecundity (BF) of 32 females varied from 19,287 to 100,671 eggs for
females of 59.8 to 104.3 mm CL. Ovigerous females were obtained from August,
October, February, March, and April. Brood fecundity was best described by the
power equation, BF = 0.1107*CL*%**! (r? = 0.74) (Figure 13.4.5). A double log-linear
fit (logio BF = 2.7879*log:,CL —0.6877, r* = 0.66) of the data and raw linear fit (BF =
1551.9*CL -79,532, r* = 0.63) had slightly lower r? but are provided for comparison
with most other lobster size-fecundity relations.
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Figure 13.4.5. Scatterplot regression of brood fecundity and carapace length of Linuparus
trigonus (Von Siebold, 1824)

Egg size and weight ranged from 0.96 to 1.12 mm (mean = 1.02 = 0.01 mm) and 0.28
to 0.77 mg (mean 0.51 + 0.021 mg) respectively. Both egg weight and size were
independent of lobster size. The mean number of eggs per gram body weight for
ovigerous females was 245 + 10 egg g™* (range 135-388).

13.5 DISCUSSION

The results from this study are the first published accounts of brood fecundity for
lobsters of the genus Linuparus. The minimum carapace size for which we were able
to describe fecundity was limited to the smallest ovigerous female (59.8 mm CL). As
no other females possessed mature gonads below this size and the largest ovigerous
female was close to the maximum size encountered (only 2.8% of females were larger
than 104 mm CL), the brood fecundity—size relationship is likely to represent the true
limits of the species. The results indicated that ovigerous L. trigonus carry
approximately 20,000-100,000 eggs and that the number of eggs in the brood is size
dependent. The positive curvilinear relationship (Figure 13.4.5) between carapace
length and brood fecundity in L. trigonus is similar to those described for other spiny
lobsters (Chubb, 1994; Quackenbush, 1994). The broad geographical range that
ovigerous and mature lobsters were collected from indicates that L. trigonus is
reproductively active along Queensland’s east coast between Townsville and
Moolooaba. Geographical variation in fecundity and size at maturity has been
reported in several lobster species (Plaut, 1993; Chubb, 1994; Pollock, 1997; Mori et
al., 1998). However, examination of the potential geographical differences in size at
maturity and brood fecundity in L. trigonus in this study was not possible due to low
sample numbers. Therefore, the brood fecundity—size relationship presented here
should be viewed as a general relationship for Queensland’s L. trigonus population.
Our findings that egg weight and egg size were independent of lobster size is
consistent with other published lobster studies (Pollock, 1997; Stewart and Kennelly,
1997; Demartini and Williams, 2001). This indicates that, as suggested by Stewart and
Kennelly (1997), eggs from small lobsters are equally as viable as eggs from large
lobsters. Comparisons of egg sizes between lobster species are usually represented as
an inverse index of egg size and expressed as the number of eggs per gram body
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weight (Pollock, 1991, 1997). Results from the present study show that the mean
number of eggs per gram body weight is relatively low (250 egg g™*) compared to
other spiny lobsters (300-800 egg g™; Pollock, 1997). Larger egg size in spiny
lobsters is directly related to hatching phyllosoma size. The relatively large egg size
of L. trigonus suggests that phyllosoma larvae exhibit some abbreviation of
development. Linuparus phyllosoma hatch in an advanced stage, measuring between
2.40 and 2.55 mm at hatching, and therefore may have a short duration of larval
development compared to other spiny lobster species (Kim, 1977; Baisre, 1994).
Larval duration in deep water Palinurus spp. is markedly shorter than the shallower
Jasus and Panulirus spp., resulting in reduced larval mortality (Kittaka et al., 1997).
Pollock (1997) suggested that the larger egg size in Palinurus spp. may be related to
the deep water settling behaviour of the puerulus, which could subsequently reduce
mortality rates of newly settled stages by reducing predation pressures. Interestingly,
anecdotal evidence from commercial fishers and unpublished research data (Ward,
unpubl.) suggests that the abundance of small L. trigonus increases with depth. Ward
(unpubl.) suggested that higher juvenile abundance with depth could be related to
predation pressures decreasing with depth or result from a shoreward migration of
juveniles after settlement in deeper waters off the continental shelf.

The smallest sexually mature lobster measured 59.8 mm CL with 50% maturity
(stages 3-5) between 80—-85 mm CL. However, it is important to understand that due
to the cyclic nature of gonad development in spiny lobsters (Kim, 1977; Aiken and
Waddy, 1980), stage 2 includes individuals maturing for the first time and mature
lobsters in a regressed state of reproduction. Therefore, Figure 13.4.3 is likely to
slightly overestimate the size at 50% maturity. Linuparus somniosus (Berry and
George, 1972) mature at a much larger size than L. trigonus, with ovigerous females
ranging from 96.1 to 130.9 mm CL and 50% of females measuring above 110 mm CL
(n = 14; Wowor, 1999).

Some spiny lobsters are known to produce multiple broods, where the ovaries mature
while the female is ovigerous (Minagawa and Sano, 1997). In the present study all of
the ovigerous females possessed spent ovaries, including mid- and late stage
ovigerous females. In Japanese waters, L. trigonus displays an annual reproductive
pattern with the mean GSI peaking in July and falling to a minimum in November,
with spawning occurring over four months between May and August (Kim, 1977).
This suggests that L. trigonus in Japanese waters produces a single annual brood.
However, as ovigerous animals were present over a broad temporal range in the
present study (August, October, February—April), reproductive activity may be
protracted in Queensland’s population, possibly due to higher seawater temperatures.
Further investigations are required to determine the seasonality of reproduction,
incubation period, and brood frequency in Queensland’s L. trigonus populations.

Results from the present study indicate that at the size of female maturity (> 75 mm
CL) females are more abundant than males. However, at larger size classes (> 100
mm CL) males dominate. This could indicate that at the onset of sexual maturity
female growth slows, resulting in males numerically dominating the larger size
classes. Gender-related differences in growth rates have been reported for other spiny
lobsters (Groeneveld, 1997; Hooker et al., 1997; McGarvey et al., 1999), and are
usually related to mature females displaying longer intermoult periods and smaller
moult increments than mature males (Aiken, 1980; Jong, 1993). Alternatively,
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behavioural changes at the onset of sexual maturity could result in reproductively
active females being more susceptible to trawl capture, which could explain why
females dominated between 75 and 95 mm CL.

The distribution of catches of L. trigonus highlights that this species is distributed
along Queensland’s east coast. The high catch rates off Townsville and Mackay
indicate that in these areas lobster abundance is high enough to justify targeted fishery
effort, however, effort in these areas is highly seasonal. In contrast to the L. trigonus
trawl grounds off Townsville and Mackay, the catch rates at the Swain Reefs and
southwards represent incidental catch while trawling for eastern king prawns Penaeus
plebejus (Hess, 1865). Recent changes in the QECTF legislation prevent commercial
trawlers from targeting L. trigonus. Consequently, in the target fisheries off
Townsville and Mackay, trawl effort has dropped markedly over the last three years
and resulted in a significant reduction in the total reported catch of L. trigonus.
Currently, the only management measure is a prohibition on retaining ovigerous
females. Minimum legal sizes (MLS) are yet to be introduced as the optimum MLS is
yet to be determined. MLS are often set to ensure lobsters breed at least once before
recruitment to the fishery or at 50% maturity levels (Chubb, 1994). Tools which assist
in determining appropriate MLS limits include yield- and egg-per-recruit analyses,
however, these methods require estimation of growth, natural mortality and fishing
mortality rates, which are currently unknown for L. trigonus. Therefore future
research on L. trigonus should concentrate on estimating these parameters as well as
determining the seasonality of reproduction, the frequency of spawning, the
percentage of egg loss during incubation and larval survival.
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14 The biology, population dynamics and minimum legal size of
three spot crabs Portunus sanguinolentus

A. J. Courtney and J. A. Haddy

14.1 ABSTRACT

This chapter describes the reproductive biology, growth and mortality rates of three
spot crabs Portunus sanguinolentus and uses these parameters in a yield-per-recruit
analysis to determine the optimum age and size at which the crabs should be
harvested. The crabs attain maximum size at about 3.5 years of age. Estimates of the
instantaneous rate of total mortality were 1.13 per year for males and 1.61 for females.
In the absence of more robust mortality rate estimates, we assumed that natural
mortality and fishing mortality rates were equal, implying that exploitation was at 0.5.
The optimum age at first capture was determined by combining the yield of both
sexes. Where possible, for the yield-per-recruit analysis, we incorporated uncertainty
in the parameter estimates by re-sampling from probability distributions of growth
and mortality rates. The optimum age at which three spot crabs should be harvested
was estimated to 0.88 years which, using a derived composite growth curve, equates
closely to 100 mm carapace width. The analysis assumes that both males and females
experience fishing mortality. Male and female three spot crabs were found to reach
sexual maturity at a carapace width of 81 and 89 mm respectively, and once mature
breed throughout the year with a peak of activity between spring and summer.
Additional estimates of the key population parameters, including a) growth rates, b)
mortality rates, and c) post-release survival rates may improve over time with more
research and this is likely to affect the estimated optimum size at capture.

14.2 INTRODUCTION

Three spot crabs Portunus sanguinolentus are distributed throughout the Indo-West
Pacific region and typically inhabit sandy oceanic habitats (Sumpton et al., 1989). In
southeastern Queensland three spot crabs form an incidental component of trawl and
pot fisheries. The Management Plan report “Permitted Fish (other than principal fish)
and Steaming Day Review Paper”, by the Queensland Fisheries Service (August
2001), stated that 80% of Queensland’s trawl operators reported catching three spot
crabs, with a total harvest of 21 tonnes during 2000, worth approximately $105,000.
However, these figures are very preliminary and should be considered with caution.
The value of the incidental pot catch of three spot crabs is unknown, but likely to be a
significant income supplement to pot fishers.

Currently, there are no management measures pertaining to the species in Queensland
coastal waters. Because three spot crabs are not targeted and are only a byproduct
(i.e., permitted species), management strategies such as spatial and temporal closures
and gear restrictions are not applicable. Portunid crabs form extensive fisheries
around the world and a substantial amount is known about their biology. Male and
female three spot crabs in Queensland are known to reach sexual maturity at a
carapace width of 83 and 74 mm respectively (Sumpton et al., 1989). Within Indian
waters three spot crabs have a size-dependent fecundity ranging from 44,000 to 1.2
million eggs (Sukumaran and Neelakantan, 1997a) and an extended spawning period
between August to May. Similarly, Campbell and Fielder (1986) reported catching
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ovigerous females between August to April off Moreton and North Stradbroke Islands
with more than 50% of females being ovigerous between mid-October to early
February.

Crabs are relatively robust animals and are reported to have high survival rates after
being captured in trawl nets (Hill and Wassenberg, 2000). Therefore, due to their
apparently low discard mortality, the introduction of a minimum legal size is one of
the few practical means of managing the stock and preventing growth and recruitment
overfishing. This chapter quantifies key population parameter estimates of three spot
crabs, specifically growth, mortality and seasonal variation in reproductive biology,
and undertakes a yield-per-recruit analysis to derive an optimum minimum legal size.

14.3 METHODS
14.3.1 Sampling the crabs

Fishery-dependent monthly samples of three spot crabs were collected between
November 2001 and January 2003. The samples were dependent on commercial
fishers operating from Mooloolaba and Tin Can Bay donating samples. Samples were
frozen and stored until processed in the laboratory. Once thawed, total weight,
carapace length, carapace width, sex, maturity, damage and the presence of an egg
mass were recorded. As fishers target more valuable species throughout the year,
sample numbers declined or were absent in some months, making the estimation of
growth and mortality rates from length-frequency analysis unreliable. As a result, a
more complete and larger dataset obtained from Sumpton et al. (1989) was used to
estimate the growth and mortality (both natural and fishing mortality) rates required
for the yield per recruit analysis. Wherever possible, uncertainty in the population
parameter estimates was included for the yield-per-recruit analyses.

14.3.2 Parameter estimation

The standard length-weight relationship was determined for undamaged individuals of
each sex:

Weight(grams) = a.Carapace width (mm)®

where a and b are constants. The standard errors of these constants, obtained from
regression analysis, were used to generate probability distributions for each. The
yield-per-recruit analyses used an estimate of the weight at L..and the probability
distributions were used to estimate a range of possible values of the weight at L.
Thus, rather than using a single point estimate of the weight at L., a range of values
was used.

Estimates of the von Bertalanffy growth curve parameters, K and L.., were derived
from monthly length-frequency data using the automatic search option for K in the
computer program FiSAT (Gayanilo, Sparre and Pauly, 1994). Additional published
estimates of the growth parameters, mainly from India (Sukumaran and Neelakandan,
1997b, Sarada, 1998) were also considered and used to derive a composite growth
curve. This was achieved by estimating the mean values of all estimates of K and L.,
using both our own derived estimates and the published estimates. The values of K
and L., and the mean estimates were presented in an auximetric plot. Again, the
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standard errors of these means were used to generate probability distributions of K
and L., that were used in the yield-per-recruit analysis.

The instantaneous rate of total mortality Z was estimated using the length-converted
catch curve method (Sparre and Venema, 1992). At present we have no robust
estimate of the instantaneous rate of natural mortality M for three spot crabs in
Queensland. We therefore assumed that fishing mortality F and natural mortality M
were equal and therefore that the level of exploitation was 0.5 (F/Z).

14.3.3 Yield-per-recruit analysis

A stochastic version of the Beverton and Holt yield-per-recruit method was used to
determine the age, and then size, at which yield of the stock would be maximised. The
basic form of the model is:

Y /R=exp(— M (tc—tr)) IZ:I {(F/(F+ M))exp(—(F + M)(i —tc)) (1-exp(—(F + M)))Wi}
=1

where Y = steady state yield of the fishery, R = number of recruits, M = instantaneous
rate of natural mortality, F = instantaneous rate of fishing mortality, W; = mean weight
of fish aged i, t; = age at recruitment to fishable stock, t; = actual age of first capture, t,
= maximum age of fish in stock. Some assumptions underlie the equilibrium yield per
recruit:
(i) recruitment is constant, yet not specified (hence the phrase “yield per
recruit”)
(ii) all fish (crabs in the present study) of a cohort are hatched on the same date
(iii) fishing and natural mortalities are constant over the post-recruitment phase
(iv) fish older than t; make no contribution to the stock.

A range of values, selected from probability distributions, were used for M (natural
mortality), F (fishing mortality) and the von Bertalanffy growth parameters K and L.,
[used to estimate W; (mean weight of crab aged i)]. The standard errors of the length-
weight constants a and b were incorporated to consider the variability in the weight of
individuals. The values and range of these distributions are provided in Figure 14.4.7

The yield per recruit was estimated for each sex separately because males and females
have different growth, mortality and length-weight parameters. Estimated yields for
the two sexes were then combined and the age at which maximum yield occurred was
recorded. A total of 1000 simulations were undertaken resulting in 1000 estimates of
the age at which yield is maximised. The median value of this distribution of ages was
then converted to a length using a combined unisex age-length relationship.

14.4 RESULTS AND CONCLUSIONS
14.4.1 Length frequencies, morphometrics and reproductive biology

A total of 1392 male and 806 female crabs were donated (Figure 14.4.1). The length-
frequency distributions of male and female crabs highlighted that males attain a larger
size than females with males reaching 185 mm carapace width (CW) and 371 g
compared to 154 mm CW and 223 g for females.
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Figure 14.4.1. Male and female length-frequency distributions: (A) size at maturity
curves; (B) seasonal trends in the presence of ovigerous females; and (C) seasonal changes
in ovarian maturity; (D) for three spot crabs Portunus sanguinolentus donated between
November 2001 and January 2003.

Morphometric relationships for a) carapace length vs carapace width and b) carapace
length vs total weight are provided in Table 14.4.1. Seasonal reproductive data
indicated that vitellogenesis and spawning occurs throughout the year with developing
and fully mature ovaries present year round. This is also supported by the fact the
ovigerous females were present in all months sampled. However, reproductive
activity, based on the presence of ovigerous crabs, was highest in September and
remained relatively high until March. Size-at-maturity data indicated that males
mature at 35.6 mm CL (81.4 CW) and females at 39.2 mm CL (89.2 CW). The results
for the males were similar to those of Sumpton et al. (1989), but the size-at-maturity
for females (i.e., 89.2 mm CW) was considerably larger than that found by Sumpton
etal. (i.e., 74 mm CW).

Table 14.4.1. Morphometric regression relationships for three spot crabs Portunus
sanguinolentus

TW =a*CL" CW =a*CL-b CLwax
N a b r? a b r? mm
Males 529 0.000478 3.1066 0.97 2.291 -0.1463 095 776
Females 385 0.000502 3.0883 0.95 2.0838 74989 092 703
Combined 914 0.000467 3.109 0.97 2.1816 2487 094 776
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14.4.2 Growth

Males attain a greater size than females. This is reflected not only in the length-
frequency distributions (Figure 14.4.1) but also in the estimates of L., (Table 14.4.2).
This is consistent with the studies by Sukumaran and Neelakandan (1997b) and
Sarada (1998) in Indian waters. The L., values reported in Indian waters are larger
than those derived here. The reason for this difference is unknown, but possibly due to
limitations on the size and geographic range of the Queensland samples used here. In
general, the samples used here were obtained from relatively shallow inshore areas in
Moreton Bay and off Bribie Island. A more comprehensive sampling program which
incorporates offshore waters might include larger individuals that would increase the
estimates L..

Table 14.4.2. Published and estimated values of K and L., for Portunus sanguinolentus

Reference/method Lo K

Sarada (1998) males 172.9 1.494
Sukumaran and Neelakandan (1997b) males 195.0 0.990
Elefan (FiISAT) Males 158.0 0.790
Mean Males 174.6 (S.E. 10.8)  1.053 (S.E. 0.301)
Sarada (1998) females 161.8 1.574
Sukumaran and Neelakandan (1997b) females 188.0 0.820
Elefan (FiISAT) Females 142.0 0.570

Mean Females 162.9 (S.E. 13.3)  0.903 (S.E. 0.209)

The estimates of the growth coefficient K based on the length-frequency analysis of
the Sumpton et al. (1989) data were 0.79 per year for males and 0.57 per year for
females. Estimates of L., were 158 mm CW for males and 142.0 mm CW for females.
These estimates appear to be quite low compared with those published by Sukumaran
and Neelakandan (1997b) and Sarada (1998) in Indian waters. The overall mean
estimates of K and L., from all three analyses were 1.053 per year and 174.6 mm CW
for males and 0.903 per year and 162.9 mm CW for females (Table 14.4.2). A
distribution of the values and overall means is provided in the auximetric plot (Figure
14.4.2).
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The mean growth rates, derived from all three studies (Sukumaran and Neelakandan,
1997, Sarada, 1998) and the present study, are expressed graphically in Figure 14.4.3.
These curves suggest that males attain a slightly larger size than females and have a
slightly faster rate of growth. Because length-frequency analysis does not estimate the
growth parameter to, we used mean estimates of this parameter from Sukumaran and
Neelakandan (1997b) and Sarada (1998). These were —0.08 years for females and —
0.03 years for males. The maximum size of about 170 mm CW for males and 160 mm
CW is obtained in approximately 3.5 years. Estimates of the instantaneous rate of total
mortality Z were derived using the length-converted catch curve method and the
growth parameter estimates for the local (Sumpton et al., 1989) length-frequency data
(i.e., not the overall mean growth estimates derived from the auximetric plot). Using
these parameter estimates, the estimates of Z were 1.13 per year for males and 1.61
per year for females (Figure 14.4.4). Estimates of Z reported by Sukumaran and
Neelakandan (1997b) in India were much higher at 4.2 per year males and 3.9 per
year for females.
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Figure 14.4.3. Definitive von Bertalanffy growth curves for male and female Portunus
sanguinolentus used in the yield-per-recruit analyses

The instantaneous rate of natural mortality M for the local Queensland stock is
unknown. Estimates of M reported by Sukumaran and Neelakandan (1997b) were 1.6
per year for males and 1.5 for females. We assumed that M and F were equal for the
Queensland stock. Therefore, if we assume a composite estimate of Z, based on our
male and female Zs ((1.13+1.61)/2) of 1.4 per year, and that Z=F+M, then M must
therefore equal 0.7 per year.

171



Population dynamics of three spot crabs P. sanguinolentus

CATCH CURVE Filename: TSPOTMAL Hi.mode (Za)

Growth Parameters
Loo : 158.88 mm K :
C: 1.88 WP :

Regression statistics

18
6.97
-1.13

n
Y-intercept (a)
zlope (b)
Corr. coef. (r) —. 926
Z from catch curve 1.13

(CI of 2 : 1.38 to A.89)

2
Felative age {(years—t@l

more helpsoptions
Select option from right box quit routine

show regression

select new points

CATCH CURVE Filename: TSPOTFEM Hi.mode (Zb)

Growth Parameters
Loo : 142.88 nn K :
C: 1.88 WP :

Regression statistics

16
14. 46
-1.61

n
Y-intercept (a)
slope (h)
Corr. coef.(r) —. 964
Z from catch curve 1.61

(CI of 2 : 1.86 to 1.35)

4 &
Relative age (years—t@l

more help-options
Select option from right box quit routine

show regression

select new points

Figure 14.4.4. Length-converted catch curve estimates of Z for male (top) and female
(bottom) Portunus sanguinolentus

14.4.3 Yield-per recruit-analyses

A three-dimensional representation of the yield per recruit for both sexes is provided
in Figure 14.4.5. This graph suggests that maximum yield would be obtained when
the fishing mortality rate is very high (around 1.5 per year) and if the crabs were first
captured and harvested at 1.1 years of age. However, fishing mortality is unlikely to
be this high and our estimate of fishing mortality is 0.7 per year. At this level of
fishing mortality, yield would be maximised at an age of first capture ranging from
0.5-1.5 years of age (Figure 14.4.5).
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Figure 14.4.5. Beverton and Holt yield-per-recruit model for Portunus sanguinolentus.
Assuming an instantaneous rate of fishing mortality of approximately 0.7 per year, the
optimum age at first capture is between 0.5 and 1.5 years.

14.4.4 Estimating the optimum age (and size) at first capture

When the variation in several of the parameter estimates was taken into account, the
optimum age (based on the median of the distribution of the optimum age at first
capture in Figure 14.4.6) for the combined yields of males and females was estimated
to be 0.88 years. The simulations were undertaken by re-sampling from distributions
of the parameters. The instantaneous rates of both fishing mortality F and natural
mortality M were assumed to vary from 0.5 to 1.0 per year and were assumed to be
uniformly distributed. The von Bertalanffy growth parameter K was assumed to vary
according to a normal probability distribution with a mean of 0.9 per year and a
standard deviation of 0.52 per year. The male values for K also assumed a normal
probability distribution with a mean of 1.05 per year and a standard deviation of 0.36
per year. The weight of males and females at L., was also assumed to vary according
the estimates and standard errors of the length-weight constants a and b. The mean
optimum age was 0.93 years (Figure 14.4.6). However, because the distribution was
not normally distributed, we chose to use the median value (0.88 years) rather than the
mean. From the growth curves of Figure 14.4.3, this equates to a carapace width of
94.4 mm CW for females and 107.6 mm CW for males. Since it would be impractical
to impose two minimum legal sizes (one for each sex), a single minimum legal size,
based on the average of these two carapace widths was chosen. This equates to 101
mm CW (which is rounded to 200 mm CW for industry use).
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Figure 14.4.6. The distribution of the optimum age at which to harvest Portunus
sanguinolentus (yields of both sexes have been combined). The median occurs at 0.88 years
which equates to approximately 100 mm carapace width. This simulation takes account of the
both sexes and the variability in growth parameters (K and L.,), length-weight parameters (a
and b), fishing mortality and natural mortality (see parameter assumption distributions
below).

The results show that three spot crabs are a relatively short-lived species reaching a
maximum age of approximately 3.5 years and that maturity is attained within the first
year of life. Reproduction occurs throughout the year with higher activity between
spring and summer. Based on the yield-per-recruit analysis, we recommend a
minimum legal size of 100 mm CW which would allow fishers to retain marketable
crabs while reducing the risk of growth overfishing.
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Figure 14.4.7. Distribution assumptions for key population parameter estimates (Weight at
L., Winf; Brody growth coefficient, K; and the instantaneous rate of natural mortality, M) for
male (top three distributions) and female (next three distributions) three spot crabs, Portunus
sanguinolentus. The age at which the crabs are first harvested was also assumed to vary and is
represented by parameter t; (bottom distribution).
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15 Species composition, spatial distribution, relative abundance and
reproductive biology of mantis shrimps in Moreton Bay,
Queensland

J. Taylor and J. A. Haddy

15.1 ABSTRACT

This chapter describes the species composition, spatial distribution, relative
abundance and reproductive biology of mantis shrimps in Moreton Bay, Queensland.
Eight different species of mantis shrimp were identified from trawl samples. Seasonal
trends in the mean monthly reported landings indicated that higher catches were taken
during the summer and autumn with catches decreasing to their lowest levels in
winter. Timing/seasonality of spawning, size at maturity, sex ratios and morphological
data are also discussed for Oratosquilla stephensoni and O. interrupta. The most
abundant species sampled was O. stephensoni, which exhibited multi-modal length
frequency distributions, suggesting the presence of multiple age cohorts. Seasonal
reproductive data indicated that O. stephensoni and O. interrupta have an annual
reproductive cycle with peak spawning from spring to summer. Changes in the
frequency of mature O. stephensoni and O. interrupta and seasonal variations in GSI
values suggested that these species may spawn at least twice during the spawning
period. The length at first maturity for O. stephensoni and O. interrupta was 24 mm
CL and 28 mm CL respectively. These results are discussed in relation to comparisons
between species and other stomatopods, and provide invaluable biological

information for assessing the sustainability of current exploitation rates of mantis
shrimps within Moreton Bay.

15.2 INTRODUCTION

The order Stomatopoda is a group of at least 450 marine predatory crustaceans,
commonly known as mantis shrimps. They have received their common name from
the presence of large and powerful raptorial appendages, which they use to “spear” or
“smash” prey (Ahyong, 2001; Caldwell and Dingle, 1976). Mantis shrimps are
primarily distributed throughout tropical and subtropical waters, where they inhabit
burrows or crevices within the intertidal and subtidal zones (Ahyong, 2001). Several
species are commercially exploited throughout the world with the most important
fisheries being for Squilla mantis (Linnaeus, 1758) in the Mediterranean, Oratosquilla
oratoria (de Haan, 1844) in Japan, and Oratosquilla nepa (Latreille in India (Ahyong,
2001; James and Thirumilu, 1993; Maynou et al., 2005). They are normally captured
during benthic trawl operations and used as a dependable source of raw material in
fishmeal, poultry feeds and fertilisers. However, in some countries they are also eaten
as the meat is reported to possess medicinal properties (James and Thirumilu, 1993).

A recent review by Ahyong (2001) reported that 146 species within 63 genera inhabit
Australian waters, with 99 of these species being reported from Queensland (Haddy,
2000; Ahyong, 2001). In Australia, mantis shrimps have traditionally been a minor
bycatch species caught in commercial prawn trawl fisheries (Dell and Sumpton,
1999). However, Queensland Fisheries (East Coast Trawl) Management Plan 1999,
which was implemented in 2000, lists mantis shrimps as “permitted species”, thus
allowing them to be retained by trawl fishers and marketed. In 2000 the total reported
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catch of mantis shrimp was three tonnes with an estimated value of A$9000. The
majority of this catch is landed from the Moreton Bay area (QLD Fisheries Service,
2001) and sold into domestic Asian markets.

An objective of the Managment Plan is to ensure fisheries’ resources taken in the
fishery are harvested in an ecologically sustainable way (QLD DPIF, 1999). In 2004 a
productivity susceptibility assessment analysis on mantis shrimps in the Queensland
East Coast Trawl Fishery concluded that mantis shrimps had a low capacity to recover
from population depletion and a high susceptibility to mortality from trawling (QLD
DPIF, 2004). This result was due to the fact that very little reliable data was available
on the population dynamics and preferred habitats of Queensland’s exploited mantis
shrimp species (QLD DPIF, 2004). Consequently, there is a need to obtain more
information on the population dynamics of Queensland's mantis shrimp species in
order to correctly assess the sustainability of their exploitation in the QECTF. Size at
maturity, seasonality of reproduction, spawning sites, growth and spatial distribution
are some of the most important life history parameters needed for stock assessment
and management of sustainable exploitation levels. However, to date this information
is yet to be investigated in Australian species (QLD Fisheries Service, 2001).
Therefore the aim of the study was to describe the species composition and population
dynamics of commercially important mantis shrimp species within the Moreton Bay
region.

15.3 MATERIALS AND METHODS
15.3.1 Sample collection and processing

Monthly mantis shrimp samples were obtained from commercial prawn trawl fishers
operating in Moreton Bay (27°30 S) between October 2001 and January 2003.
Additional samples were also collected during two fishery-independent research trawl
surveys in Moreton Bay in November 2001 and again in November 2002 (Ovenden et
al., 2004). The Moreton Bay area was divided into five 6-inch x 6-inch logbook grids
(grids 7, 12, 13, 14 and 18). Each grid was allocated between 13 and 27 one-nautical
mile transects. Grids with a reduced trawlable area received proportionally less
sampling effort. The trawl gear consisted of a 5 m beam trawl fitted with a Florida
Flyer net composed of 38 mm mesh (Ovenden et al., 2004).

Individual mantis shrimps in samples were identified to species, and total length,
carapace length, total weight, sex, presence of stored sperm in the thoracic segments,
ovarian maturity and ovarian weight recorded. Total length (TL) was measured from
the apex of the rostral plate to the apices of the submedian teeth of the telson, and
carapace length (CL) from the median posterior edge of the carapace to the apex of
the rostral plate. Criteria for ovarian maturity and macroscopic descriptions are
detailed in Table 15.3.1. The presence of stored sperm could only be determined in
fresh specimens; therefore as the survey samples were frozen prior to processing, this
data could not be determined for these months.
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Table 15.3.1. Macroscopic descriptions of ovarian development in mantis shrimp

Stage Macroscopic Description

1) Undeveloped Gonad not visible externally. Gonad
small with clear or slightly creamy to
rose appearance®.

2) Maturing Gonad visible as small strip on ventral
telson. Gonad enlarging with
yellow/orange or red colour*.

3) Mature Gonad visible as a triangle on ventral
telson. Gonad enlarged greatly and bright
yellow, orange or red colour*.

*ovarian colour varies between species.

15.3.2 Data analysis

All data were pooled for determination of carapace length—total weight (CL-TW)
relationships for males and females of six of the eight species (two species, C. granti
and O. cultrifer, had insufficient sample sizes). The cubic relationship between CL
and TW was represented by the power curve equation: TW = aCL", where b is close
to 3 in isometric growth, and a is a constant determined empirically (King, 1995).

Data from the Moreton Bay trawl surveys were used to determine the species
composition and spatial distributions of mantis shrimps by individual numbers and
total catch weight for both the 2001 and 2002 surveys. However, due to low catch
numbers, spatial information is only presented for the four most common species: O.
stephensoni, O. interrupta, B. laevis and A. fasciata.

Oratosquilla stephensoni was the only species sampled in sufficient numbers to
produce robust monthly length-frequency distributions for both males and females
required to determine von Bertalanffy growth parameters. Estimates of L., were
determined by averaging the ten largest individual carapace lengths recorded for each
sex, and the parameters k and t, determined by using a von Bertalanffy plot (relative
age against -In(1-Li/L.,)) (King, 1995). Data obtained for this method were determined
from modal peaks present in monthly length-frequency distributions of males and
females, respectively.

Gonadosomatic indices (GSI) were calculated as gonad weight/total weight x 100.
Seasonal GSI profiles were generated from individuals larger than 20.5 mm CL to
ensure that immature values did not bias seasonal mean GSI values (Haddy et al.,
2005). Mandatory logbook data for mantis shrimps from 2000-2005 were used to
examine spatial and temporal trends in reported landings.

15.4 RESULTS
15.4.1 Analysis of loghook data

Total reported annual landings of mantis shrimps from 2000 to 2005 were 2425, 651,
723, 1369, 1251 and 654 kg, respectively, with the great majority of the catch (i.e.,
96%) reported from Moreton Bay (Figure 15.4.1). Catches were lowest in winter
(June, July and August) and peaked between late summer and early autumn (February
to April).
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Figure 15.4.1. Spatial and temporal trends of reported mantis shrimp landings from the
Queensland East Coast Trawl Fishery

15.4.2 Sample details

A total of 3809 mantis shrimps were collected with eight species being recorded.
Combined sample details and morphometric measurements for all species are
provided in Table 15.4.1 and Table 15.4.2, respectively. With all samples pooled,
Oratosquilla stephensoni was the most abundant species, followed by O. interrupta,
Belosquilla laevis, Erugosquilla woodmasoni, Anchisquilla fasciata and
Harpiosquilla harpax, with sample sizes of 583, 237, 204, 130 and 60, respectively.
Only two specimens of Odontodactylida cultrifer and one specimen of Clorida granti
were collected. Harpiosquilla harpax was the largest mantis shrimp encountered with
a maximum size and weight of 252 mm TL and 166 g.
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Table 15.4.1. Details of the total numbers of mantis shrimp collected and their minimum,
maximum and mean carapace lengths (all data pooled)

Species Sex Max Max CL Mean Total
TW (@) (mm) CL Numbers
(mm)

Anchisquilla fasciata M 92 20.7 154 75

F 7.8 19.4 14.0 55
Belosquilla laevis M 205 27.1 18.8 100

F 17.0 25.2 18.0 137
Oratosquilla interrupta M 674 43.3 35.6 326

F 76.6 43.8 35.7 257
Oratosquilla stephensoni M 491 36.6 27.4 1271

F 58.6 41.3 29 1321
Clorida granti M -

F 2.0 9 9 1
Erugosquilla woodmasoni M 714 38.5 31.3 101

F 64 39.1 31.9 103
Harpiosquilla harpax M 165.7 52.1 42.7 30

F 117.7 57.4 45 30
Odontodactylida cultrifer M -

F 12.5 21.1 19.3 2

Table 15.4.2. Regression parameters for the carapace length-total weight (CL-TW)
relationship for six species of mantis shrimp (all data pooled)

_ TW =aCL"
Species Sex  n , CL MAX
a b r (mm)
Anchisquilla fasciata M 75 0.0043 2.7187  0.8392 20.7
F 55 0.0043 2.4896  0.7872 19.4
Belosquilla laevis M 100 0.0029 2.6632 0.9299 27.1
F 137 0.0021 27754  0.8804  25.2
Oratosquilla interrupta M 326 0.0049 2.5299 0.8645 43.3
F 257 0.0045 2.5551  0.8687  43.8
Oratosquilla stephensoni M 1271  0.0341 1.9127 0.659 36.3
F 1321 0.0022 2.7521 09446 413
Clorida granti* M - - - - -
F 1 - - - 9
Erugosquilla woodmasoni M 101 0.0028 2.7386 0.8879 38.5
F 103 0.0041 2.6313 09201 39.1
Harpiosquilla harpax M 30 0.001 2.9828 0.952 52.1
F 30 0.0018 2.8378  0.9619 57.4
Odontodactylida cultrifer* M - - - -
F 2 - - - 21.1

* Note: (-) indicates insufficient data to determine a length-weight relationship

15.4.3 Species composition

The species compositions of the 2001 and 2002 Moreton Bay trawl surveys are shown
in Figure 15.4.2. A total of eight species were collected, however C. granti was only
present in the 2002 survey. The total number of individuals caught in 2001 and 2002
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Table 15.4.3. Summaries of mantis shrimp catch rates from Moreton Bay

2001 survey

Grid of Max mean Max catch mean catch
Species n highest catch rate catch rate (g rate rate
abundance (g ha™) ha™) n ha* n ha*

A. fasciata 90 13 65.37 4.86+1.39 18.5 1.16+0.34
B. laevis 170 7 394.48 15.91+7.31 57.4 2.19+1.01
E. woodmasoni 8 14 86.12 4.50+1.98 1.8 0.1+0.04
H. harpax 1 12 19.82 0.28+0.28 0.9 0.01+0.01
O. cultrifer 1 14 10.56 0.15+0.15 0.9 0.01+0.01
O. interrupta 71 13 269.46 35.16+6.09 6.5 0.89+0.14
O. stephensoni 344 12 475.96 86.71+10.20 22.2 4.32+0.54
Combined spp. 685 7 606.99 147.6+15.7 60.1 8.68+1.18
2002 survey

A. fasciata 40 14 18.71 1.60+0.43 5.56 0.47+0.14
B. laevis 67 7 65.56 5.55+1.37 8.33 0.79+0.17
C. granti 1 7 1.85 0.02+0.02 0.93 0.01+0.01
E. woodmasoni 5 18 59.26 2.53+1.19 0.93 0.06+0.03
H. harpax 2 7 41.58 0.53+0.53 1.85 0.02+0.02
O. cultrifer 1 14 9.35 0.12+0.12 0.93 0.01+0.01
O. interrupta 18 13 95.47 8.52+2.25 1.85 0.21+0.05
O. stephensoni 351 18 376.51 80.37+9.49 18.52 4.11+0.49
Combined spp. 485 14 475.22 99.22+10.89 21.3 5.68+0.54
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Figure 15.4.3. Spatial distribution and abundance of O. stephensoni by weight (g) and
number in 2001.
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Figure 15.4.4. Spatial distribution and abundance of O. stephensoni by weight (g) and
number in 2002.
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