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Development of by-catch reducing prawn-trawls and fishing practices 
in NSW's prawn-trawl fisheries (and incorporating an assessment of 
the effect of increasing mesh size in fish trawl gear) 

PRINCIPAL INVESTIGATOR: Dr S.J. Kennelly 
ADDRESS: 

OBJECTIVES: 

NSW Fisheries Research Institute 
P.O. Box 21 
Cronulla NSW 2230 
Telephone: 02 9527 8411 Fax: 02 9527 8576 
Email: kennells@fisheries.nsw.gov .au 

1. To develop and test (using a series of controlled, replicated, manipulative
field experiments throughout NSW's estuarine and oceanic prawn-trawl
fisheries) a variety of modified prawn trawl gears and fishing practices which
maintain catches of prawns at those levels caught by conventional methods
but exclude the unwanted by-catch of juvenile fish;

2. To determine the most appropriate design(s) of these gears and practices for
each of NSW's estuarine and oceanic prawn-trawl fisheries, recommend their
implemention and assist fisheries managers in this implementation.

In response to a request from FRDC, we were given extra funding to address an 
additional objective: 
3. To investigate the impact on catch and by-catch due to increasing mesh-size

in fish trawls from 90mm to 100mm.

KEYWORDS: By-catch reduction, prawn-trawl, fishing gear 

NON-TECHNICAL SUMMARY: 
This summary briefly describes the work done throughout this 3 year project, 

the details of which can be found in a total of 19 scientific papers (see Appendix 4), 5 
papers given at international conferences, 16 non-journal publications, 1 PhD thesis 
and 2 video documentaries. In addition to this short summary, however, we direct 
readers to our latest. video documentary entitled "By-catch reduction devices for 
NSW prawn-trawl fisheries". This 10 minute video provides an excellent non
technical summary of the project and includes underwater footage and other images 
that could not be included here. 

The incidental capture of non-target species, collectively termed 'by-catch' 
from prawn-trawling has attracted world wide attention for many years. In NSW, 
these concerns arose from the perception that prawn-trawls catch and discard large 
numbers of juveniles of species that, when larger, are targeted in other commercial 
and recreational fisheries. A recent three-year observer study (FRDC project no. 
88/108 - see Kennelly, 1993) quantified large by-catches of juveniles of commercially 
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and recreationally important species throughout NSW' s estuarine and oceanic 
prawn-trawl fisheries. The current project was the obvious next step in 
ameliorating the problematic by-catches identified, by aiming to develop, test and 
implement fishing gears and techniques that reduce such by-catches. 

To address these issues, we undertook a protocol of research with industry 
that: (i) developed appropriate By-catch Reducing Devices (BRDs) for most of the 
estuarine and oceanic prawn-trawl fisheries in NSW; (ii) executed manipulative 
experiments that assessed their performance; and (iii) got the majority of prawn 
trawlers in NSW using the new BRDs on a voluntary basis (a virtually unique case 
of industry-acceptance of BRDs). For the estuarine prawn-trawl fisheries of NSW, 
separator-panels that mechanically partitioned the catch (like the Nordm0re-grid) 
were found to be most suitable. Compared to commercial trawls, the Nordm0re
grid was effective in reducing the mean weight of by-catch by up to 90% and the 
numbers of commercially and recreationally important species (such as bream) by 
up to 67% with no significant reductions in catches of prawns. In the oceanic 
prawn-trawl fishery, panels of square-shaped mesh located in the tops of the 
anterior sections of codends were effective in reducing by-catch that included non
target individuals and juveniles of commercially and recreationally important 
species (like whiting). Compared to standard commercial trawls, a trawl with a 
codend incorporating composite panels of square mesh was effective in reducing up 
to 41 % of the total unwanted by-catch and up to 70% of the numbers of small red 
spot whiting. This new design had no significant effect on the catches of 
commercially important by-product (species that fishers are legally permitted to 
retain) and significantly increased catches of prawns (by up to 14%). 

Getting industry to adopt new BRDs into their normal fishing operations was 
achieved by having them intrinsically and actively involved in all aspects of this 
project. In addition to the earlier observer programme, fishers were involved in 
this project during the early gear development stages, formal testing of gears, initial 
implementation onto vessels, voluntary adoption by fleets and, most recently, the 
public liaison and legislative stages. Such involvement of fishers throughout all 
this work has meant that the new BRDs are being used by the majority of fishers 
voluntarily (a virtually unique situation for the implementation of BRDs 
throughout the world). 

In addition to this involvement of industry, we executed an extensive liaison 
programme with the prawn-trawl industry, other commercial and recreational 
fishers, the press and public through the production of colour posters, T-shirts and 
video documentaries that were distributed to prawn trawlers, commercial and 
recreational fishers, various committees, fish-and-chip shops, seafood outlets, 
fishermen's co-operatives, the television, radio and print media, schools, 
universities and the general public. We also made many presentations about the 
work to port meetings, fishing clubs, the press, PRO-AM meetings, schools, 
universities, national and international conferences, etc. 

During this project we assessed species-specific physiological responses to 
stimuli from trawls to determine the mechanisms by which fish escaped from 
BRDs. In the oceanic prawn-trawl fishery, we showed that operational procedures, 
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corresponding changes in the geometry of the codend, differences in the 
circumference of codends and changes in water flow significantly influenced the 
behaviour of some species and their ability to escape through square-mesh panels. 
For example, a delay in haulback of 15 seconds was effective in allowing large 
numbers of red spot whiting to escape but had no effect on the behaviour of other 
species. Similarly, increased codend circumference and an associated displacement 
of water forwards facilitated greater escape of some species through square-mesh 
panels but had no effect on species such as stout whiting. 

An additional piece of work assessed the survival of fish escaping though our 
BRDs. To examine this important issue, we executed a series of laboratory 
experiments to assess the damage and mortality incurred by juvenile yellowfin 
bream, mulloway and whiting after simulated escape through the guiding panel of a 
Nordmore-grid and square-mesh panels. The results showed little damage to 
fatigued and non-fatigued fish after passing through these devices (less than 4% 
scale-loss) and negligible mortalities compared to control fish. 

Soon after starting this project, FRDC requested us to accept additional 
funding to incorporate a study on the effects of increasing mesh-size in fish trawls. 
In this experiment, we compared the catches of finfish from a conventional fish 
trawl (constructed of 90 mm mesh in the body and codend) with those from a fish 
trawl constructed of 100 mm mesh. Catches from the 100 mm trawl showed a mean 
reduction of 27% in all by-catch and a 28% mean reduction in the numbers of 
retained tiger flathead compared to the conventional trawl. The 100 mm trawl also 
showed 48% and 47% mean reductions in the numbers and weights of discarded 
tiger flathead respectively and 57% and 63% mean reductions in the numbers and 
weights of discarded rubberlip morwong respectively. For john dory, however, at a 
particular location where large numbers occurred, the 100 mm trawl caught 
significantly more fish than did the conventional trawl (a mean increase in weight 
of 66%). We concluded from this work that there is an urgent need to determine 
species-specific mesh selectivities for fish trawling. 

This project was successful in developing new gears to reduce by-catch in 
NSW' s prawn trawl fisheries, achieving their widespread voluntary adoption 
(which should soon become mandatory), decreasing the conflict over by-catch in 
these fisheries and conserving estimates of millions of juvenile fish of many 
different species. This success leads us to conclude that the best course of action for 
future research and development on by-catch reduction in NSW' s prawn-trawl 
fisheries should remain in the hands of the fishers themselves, with little urgent 
need for additional formal research (at least for the time-being). Funds would be 
better spent on by-catch issues involving other methods and on the selectivity of 
target species. 
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Background 

In Australia, concern about the deleterious impacts of by-catch from prawn 
fishing began as early as the late nineteenth century when a Royal Commission 
examined the fisheries of NSW (Macleay et al., 1880). Conflict between amateur and 
professional fishermen over the reputed by-catch of the "sunken prawn net" led to 
the NSW Department of Fisheries doing the first recorded survey of by-catch in 
Australia (Dannevig, 1904). Little had changed in Australia during the next 90 years 
or so, with the by-catch from prawn trawling still of great concern to a broad cross
section of the community, particularly commercial fishers other than trawlers (e.g. 
fish trappers, set and hand-liners, mesh netters, beach seiners), recreational fishers, 
conservationists, environmentalists, fisheries managers, scientists and politicians 
from all levels of government. Of major concern have been complaints regarding 
prawn trawlers catching and discarding large numbers of undersize fish that, when 
larger, are targeted in other commercial and recreational fisheries. In particular, 
these observations are made with respect to prawn trawling in estuarine and oceanic 
locations thought to be nursery grounds for important species of fish. Worldwide 
concern over this issue has increased markedly in recent years (for reviews see 
Andrew & Pepperell, 1992; Alverson et al., 1994; Kennelly, 1995) and in Australia, 
this resulted in our recently completed project on prawn-trawl by-catch 
quantification (Kennelly, 1993) and the current spate of research projects funded by 
FRDC examining ways to reduce prawn-trawl by-catch. 

The recently-completed prawn-trawl by-catch project (FIRDC project No. 
88/108 - Kennelly, 1993) successfully identified and quantified the catches and by
catches from a large proportion of NSW's oceanic and estuarine prawn-trawl 
fisheries. In so doing, the results identified the key species, regions and times 
involved in interactions with other commercial and recreational fisheries (e.g. see 
Liggins & Kennelly, 1996; Liggins et al., 1996; Kennelly et al., in press). Because of 
this work, we were in an excellent position to consider ways that may solve the 
substantial conflicts that occur between different user groups over the by-catch and 
discarding of large numbers of juvenile finfish such as snapper, mulloway, whiting, 
flathead and bream. 

Need 

The most obvious research and management strategy that arises whenever 
people discuss prawn trawl by-catch of unwanted juvenile fish concerns an 
examination of gear selectivity and fishing practices. Modifications to prawn-trawl 
nets, codends, sweeps and fishing practices are all alternatives that have been, and 
will continue to be, invoked throughout the world as means for solving by-catch 
problems. Work done in other countries and in NSW indicate that it is possible to 
develop modifications to trawl gear and fishing practices that will negate a great deal 
of the capture and mortality of by-caught finfish. Work done previously by NSW 
Fisheries showed the very real potential of soft TEDs (Trash Elimination Devices) 
and varying sweep lengths as means for reducing the incidental capture of finfish 
(Andrew et al., 1991; 1993). Unfortunately, however, at the time of beginning this 
new project, these few papers represented two of only four published studies 
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concerning by-catch reduction technology in Australia (see also Sumpton et al., 1989; 
Mounsey & Ramm, 1991). As noted in a recent review (Kennelly, 1995), most work 
in this field in Australia had concentrated on describing the problems of trawl by
catch via quantifications of the species and abundances taken in various prawn 
fisheries through surveys using onboard observers and research vessels. In 
Australia, we have been quite slow (Dannevig's study was done 94 years ago!) to 
move onto the next step in addressing this issue which is to examine various 
management strategies which may reduce by-catch. 

This present project examines fully the utility and effectiveness of various 
gear modifications and fishing practices as means to reduce problematic and 
undesirable by-catches in NSW's estuarine and oceanic prawn-trawl fisheries. 

Objectives 

The specific objectives of this study were: 

1. To develop and test (using a series of controlled, replicated, manipulative
field experiments throughout NSW's estuarine and oceanic prawn-trawl fisheries) a
variety of modified prawn trawl gears and fishing practices which maintain catches
of prawns at those levels caught by conventional methods but exclude the
unwanted by-catch of juvenile fish;

2. To determine the most appropriate design(s) of these gears and practices for
each of NSW's estuarine and oceanic prawn-trawl fisheries, recommend their
implemention and assist fisheries managers in this implementation.

In response to a request from FRDC, we were given extra funding to address an 
additional objective: 
3. To investigate the impact on catch and by-catch due to increasing mesh-size
in fish trawls from 90mm to 100mm.

Methods 

A wide variety of experiments were done during this project at sea, in 
estuaries and laboratories. A summary of the locations and methods used are 
contained in Table 1 (see below) and details can be found in the papers provided in 
Appendix 4 of this report. 

We developed and tested various By-catch Reduction Devices (BRDs) in the 
estuarine prawn-trawl fisheries in the Clarence River, Lake Woolooweyah, Hunter 
River, Hawkesbury River and Botany Bay and in the oceanic fisheries operating out 
of the ports of Ballina, Iluka, Yamba, Coffs Harbour, South West Rocks, Port 
Stephens and Newcastle. This includes most of the places where prawn trawling 
occurs in NSW. 
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In general, our experiments took the form of paired comparisons of gears -
usually one trawl was a conventional net used as a control and the other was some 
type of modified trawl containing a BRD. In estuaries we usually chartered twin
rigged prawn trawlers to facilitate these paired comparisons (although we also used 
trouser trawls, alternate hauls, and the two outer nets on triple gear in single-gear 
estuarine fisheries). Offshore we did our paired comparisons using the two outer 
nets on chartered vessels operating with triple-rigged configurations. 

Using chartered commercial vessels to do this research (rather than research 
vessels) proved vital because: (i) it utilised skippers and crews who possessed local 
knowledge of the conventional methods used and local fishing grounds; (ii) it 
supplied control gears (e.g. conventional nets) against which the modifications were 
tested; and (iii) it ensured the interest and involvement of the whole fleet (i.e. 
including those not chartered for the research) because the research was done with 
their colleagues, alongside them, on their grounds, using similar gears and vessels. 
It is important to note that the first modifications trialed in these experiments were 
simple changes (e.g. holes in the upper codend) which introduced the ideas of by
catch reduction gradually to fishers. Testing of the more complicated grids and 
panels c;ame later - once fishers were familiar with the basic concepts. 

During our paired comparisons, we swapped different codends (i.e. the 
control and that containing the BRD) at random to account for any unknown biases 
between nets and sides of the vessel. For each trial, we completed many replicate 
tows in a variety of conditions to provide adequate power for statistical analysis. We 
recorded information on the weights of prawns, all retained and discarded by-catch 
species and the size-structures of prawns and by-catch species. That is, we recorded 
almost all the information that could be obtained from each codend trialled. We 
rarely subsampled catches, preferring to get as complete a set of data from each 
codend as possible. In general, we analysed our data using paired t-tests, 
multifactorial analyses of variance, Student-Newman-Keuls multiple comparisons 
and Kolmogorov�Smirnov tests.

We also recorded all aspects of our work on film (as colour slides, prints and 
VHS video). We also invested a substantial sum on gaining excellent underwater 
footage of our BRDs working in situ. We did additional experiments in the 
Australian Maritime College's flume tank to examine flow rates in our BRDs and 
we completed a series of experiments to assess any damage and mortality incurred 
by fish escaping our BRDs using the aquarium facilities at NSW Fisheries Research 
Institute. 

The adoption of BRDs by industry was achieved through a continuous 
programme that had industry intrinsically and actively involved in all aspects of the 
project. Starting with the earlier observer programme, fishers were next involved 
in the early gear development work, the formal testing of BRDs, their 
implementation onto individual vessels, voluntary adoption by whole fleets and, 
most recently, the public liaison and legislative stages. This history has meant that 
the new BRDs are being used by the majority of fishers on a voluntary basis (a 
virtually unique situation in the acceptance of BRDs). 
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Table 1 - Summary of the experiments done during this project. NB. t denotes an increase, ! denotes a decrease, 
ns denotes no effect. 

LOCATION METHOD 

ESTUARINE PRAWN TRAWL: 

Hawkes bury Alternate haul 
River 

Hawkes bury Trouser trawl 
River 

Clarence Paired tows 
River (twin gear) 

Clarence Paired tows 
River (twin gear) 

Botany Bay Alternate haul 

Hunter Paired tows 
River (outside nets on 

triple gear) 

OCEANIC PRAWN TRAWL: 

Yamba 

Iluka 

Pt Stephens 
S W  Rocks 
Yamba 
Ballina 

Paired tows 
(outside nets on 
triple gear) and 
alternate 
haulback periods 

Paired tows 
(outside nets on 
triple gear) 

Paired tows 
(outside nets on 
triple gear) 

OCEANIC FISH TRAWL: 

Newcastle 
Bermagui 

Alternate haul 

TREATMENTS 

Control vs. 
Full sq. mesh codend, 
Half sq. mesh codend 

Control vs. a small 
sq. mesh panel 

Control vs. various 
separator mesh panels, 
Nordmore Grid 

Control vs. blubber chute, 
Standard Nordmore Grid, 
Nordmore Grid minus 
guiding funnel (in flood) 

Control vs. 100mm and 
150mm separator panels 

Control vs. Nordmore Grid 
Blubber chute, fisheye 
extended mesh funnel, 
Allerio Bros. grid, 
sq. mesh panel 

Control vs. 
long sq. mesh panel, 
short sq. mesh panel, 
no delay in haulback, 
10-15 sec delay in haulback

Codends with 100 mesh 
and 200 mesh circumference, 
composite sq. mesh panel 

Control vs. 
composite sq. mesh panel 
throughout NSW 

Control (90mm net) vs. 
100mmnet 

RESULTS 

! 52% prawns,! 95% juv. mulloway
ns prawns,! 46% juv. mulloway

ns prawns, ! 49% juv. mulloway 

ns prawns, ! 70% total by-catch 
ns prawns, ! 77% total by-catch 

ns prawns, ! 75% total by-catch 
ns prawns, ! 90% total by-catch 
ns prawns, ! 82% total by-catch 
(Standard Nordmore Grid caught 
more prawns than blubber chute) 

! 34% king prawns, ! 58% total by-catch

Nordmore Grid with all secondary designs 
had ! 45-58% total by-catch and t 23-41% 
prawns vs. blubber chute. 
No advantage in using any secondary 
designs with the Nordmore Grid 

ns prawns, ns by-product, ! 40% total by-catch 
ns prawns, ns by-product, ! 38% total by-catch 
Red spot whiting escaped during haulback 
delay 

100 mesh -ns prawns, ns by-product, 
! 40% total by-catch vs. 200 mesh.
Composite sq. mesh panel led to ns prawns,
ns by-product, ! 40% total by-catch
between 100 and 200 mesh.

t 5-14% prawns, ! 23-41% total by-catch 

! 27% total by-catch, ! 28% ret' d tiger f'hd,
! 47% disc' d tiger f'hd, ! 47% disc' d
rubberlip morwong, t 66% john dory



Table 1 - Continued 

LABORATORY EXPERIMENTS: 

FRI Treatments 

FRI 

AMC 

replicated across 
many small tanks 

Treatments 
replicated across 
many small tanks 

Treatments 
replicated across 
many runs in 
flume tank 

Scale-loss and survival of 
fatigued and non-fatigued 
whiting passing through sq. 
mesh panels 

Scale-loss and survival of 
bream passing through 
Nordmore Grid funnel and 
capture by hook and line 

Water flow measurements 
in 100 mesh vs. 200 mesh 
codends, with and without 
comp. sq. mesh panel, with 
different weights of catch 
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t 67-84% scale-loss for fatigued 
fish compared to non-fatigued. Maximum 
scale loss only 4% due to sq. mesh panel and 
negligible mortalities 

t 60-80% scale-loss after passing through 
funnel. t 79-87% scale-loss after capture by 
hook and line. Maximum scale loss <3% and 
negligible mortalities. t infection by parasites 
and mortality after capture by hook and line. 

t water displacement forwards with 200 mesh 
section, varying with wt. of catch. Comp. sq. 
mesh panel increased anterior displacement 
of water. 
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Our industry and public liaison phase also involved: (i) the production of a 
colour poster describing our work which was distributed to prawn trawlers, most of 
the fish-and-chip shops, seafood stores and fishermen's co-operatives throughout 
NSW and given to the press, schools and general public; (ii) the production of two 
video documentaries which have been distributed to prawn trawlers, other 
commercial and recreational fishers, fishermen's co-operatives, the television and 
print media, schools, etc.; (iii) many presentations to fishing clubs, the press, port 
meetings, PRO-AM meetings, schools, universities, national and international 
conferences, etc.; and (iv) the production of T-shirts describing the project which 
were given to prawn trawlers and other interested individuals. 

Results/Discussion 

A summary of the results from the various experiments done during this 
project are given in Table 1. Detailed results and discussion of all our work are 
contained in the papers provided in Appendix 4. 

In general, we found that the new gears developed (particularly the 
Nordmore Grid and composite square-mesh panel) reduced unwanted by-catches by 
large amounts in all fisheries examined. In doing this, these new developments did 
not lose any of the targeted prawns nor other desirable by-catch species (e.g. balmain 
bugs, octopus, squid, larger fish, etc.). In some cases, especially for the composite 
square-mesh panel, significant increases in prawn catches were recorded - probably 
due to better trawl performance due to decreasing the weight of unwanted by-catch 
in the codend. 

Our work on the damage and mortality incurred by fish escaping from these 
devices showed negligible damage and mortality, even when fish were fatigued to 
exhaustion. This result indicates that virtually all the fish escaping our BRDs 
probably survived in good condition and should therefore be able to contribute to 
subsequent stocks. 

The acceptance and adoption of our BRDs by industry is recognised as among 
the most successful in the world, with the majority of prawn trawlers in NSW using 
these gears on a voluntary basis. This result is now proving to be vital in the final 
(and relatively painless) stage of making these BRDs mandatory through the 
appropriate Management Advisory Committees. 

Benefits 

The most obvious and immediate benefit to come from this project has been 
a reduction in the conflict over by-catch from prawn trawling in NSW. This project 
has been successful in reducing the perception that large by-catches from prawn 
trawling causes widespread impacts on other fisheries. 

Apart from this perceived problem, the benefits from this project in terms of 
actual impacts on subsequent stocks of fish should be large, widespread and involve 
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most other marine fisheries in NSW. However, such cause-and-effect impacts are 
extremely difficult to quantify. Whilst it is often considered sufficient to develop 
and implement BRDs in fisheries, estimating their actual impact on subsequent 
stocks of escaping species need to incorporate estimates of several additional factors. 
Firstly, any mortality of fish after escape from BRDs must be determined and, in this 
project, we completed laboratory-based studies that found negligible damage and 
mortality of escapees. Secondly, one needs information on key population 
parameters of the escaping species, including their natural mortalities and growth 
rates, to determine the likelihood of their surviving to exploitable sizes after escape. 
Finally, it is necessary to have some understanding of the proportion of total 
biomasses that the escapees represent. For example, estimates of the escape of fish 
from BRDs that are in the order of millions of individuals, may be negligible if the 
total abundances of these fish are orders of magnitude larger. 

Despite lacking the latter information, we nevertheless attempted to provide 
some estimates of possible consequences of our BRDs for two examples. To assess 
possible impacts of large reductions in by-catches of red spot whiting in the oceanic 
prawn-trawl fishery, we combined estimates of the potential reduction in by-catches 
(using BRDs), growth, natural mortalities and survival of escapees. These 
calculations showed that the widespread application of the composite square-mesh 
panel in this fishery may provide between 1.5 million to 3.3 million additional red 
spot whiting per year to other fisheries. For bream in an estuarine fishery, using 
similar assumptions and similar, poor estimates of population parameters, we 
estimated that if all vessels in the Clarence River had been fitted with Nordm0re
grids in the 1991-92 season, an additional 124,000 bream may have been available for 
capture in other fisheries. 

In the absence of reliable estimates of natural mortality and other parameters, 
such figures will be questionable, but these calculations nevertheless illustrate that 
the current widespread use of BRDs developed in this project should increase the 
availability of many marine species to other commercial and recreational fisheries. 

Further Development 

A great deal of the work necessary to address the issue of by-catch reduction in 
NSW's prawn-trawl fisheries has been completed, published and disseminated 
during this project. After this success in ameliorating our most problematic by-catch 
issue (due to prawn trawling), we are now turning our attention to other by-catch 
issues in other fisheries (particularly estuarine hauling). However, our 
involvement of prawn-trawl fishers in this project and their desire to incorporate 
and improve BRDs means that, while we are ceasing active research in this field, we 
are leaving further development in the hands of those best positioned to do it - the 
prawn-trawl fishers themselves. Because the majority of prawn trawlers in NSW 
are now using BRDs voluntarily, many are continuing to try new modifications and 
re-tune old ones to reduce by-catches even further. In drafting our regulatory 
changes to ensure 100% adoption of BRDs into the future (currently being done 
through the appropriate Management Advisory Committees), we are being very 
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careful to ensure that the regulations provide sufficient flexibility to encourage 
further development of BRDs by fishers. 

For the above reasons, we feel that the best course of action for future research 
and development in by-catch reduction in the prawn-trawl fisheries of NSW should 
remain in the hands of the fishers themselves, with no urgent need for further 
formal research (at least for the time-being). Funds would be better spent on by
catch issues involving other methods and on the selectivity of target species. 

Conclusion 

This project has been recognised as one of the most successful completed in 
the field of by-catch reduction and industry acceptance of BRDs. The work involved 
testing existing gears, developing new ones, trialing them, re-tuning them and 
finalising designs that reduced problematic by-catches by large amounts with no 
reduction in catches of prawns or desired by-catch. Additional work quantified 
negligible damage and mortality of fish escaping from the new BRDs and examined 
the mechanisms of escape in terms of flow rates inside nets. and the physiological 
responses of escaping fish. The industry acceptance and public liaison phases of the 
work were also successful, leading to an almost unique situation of widespread 
voluntary adoption of the new gears, a major decrease in conflict over by-catch in 
these fisheries and the estimated conservation of millions of juvenile fish of many 
different species. The success of this project has meant that - at least for the time
being - no additional formal research is required on this issue in NSW and that 
future research and development can rest in the hands of the prawn-trawl fishers 
themselves. 
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Abstract 

The numbers of prawns and small fish (mulloway) caught by two designs of prawn-trawl codends 
with square-mesh panels were compared in a manipulative field experiment in the Hawkesbury River 
prawn-trawl fishery. Compared with a conventional codend, catches from a codend made entirely of 
square meshes showed a 52% reduction in the mean weight of prawns caught and a 95% reduction in 
the numbers of mulloway caught. A codend with the posterior half made of diamond-shaped meshes 
and the anterior half made of square-shaped meshes showed no significant difference in the catches 
of prawns compared with the control, but reduced to 46% the mean numbers of mulloway caught. 
There were no differences in the sizes of prawns and mulloway caught by the half-square and the 
control codends. The codend made of all square meshes did not catch the smallest prawns and mul
loway available. The results are discussed in terms of the probable behaviour of prawns and mulloway 
in trawls and the possibilities for future developments of these fishing gears. It was concluded that 
there is great potential for square-mesh panels in codends to reduce the by-catch of fish such as juve
nile mulloway in the Hawkesbury River prawn-trawl fishery while maintaining catches of prawns. 

Introduction 

Estuarine prawn trawling occurs in five estuaries in New South Wales 
(N.S.W. ), Australia, and is valued at approximately A$7 million per annum 
( 1990-1991 ) . As with most trawl fisheries, significant numbers of non-target 
organisms are caught incidentalJy with the targeted species ( collectively 
termed 'by-catch', sensu Saila, 1983 ). In N.S.W., the by-catch from estuarine 
prawn trawling often includes a large and diverse assemblage of small fishes, 
some of which are juveniles of species caught in other commercial and recre
ational fisheries (Kennelly et al., 1992). The mortality of large numbers of 
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these juveniles due to prawn trawling and the negative effects this may have 
on subsequent stocks of these species have resulted in significant conflicts 
between prawn-trawl fishers and other user groups (particularly recreational 
fishers) (see also Gordon, 1988; Foldren, 1989). 

· Mulloway (Argyrosomus hololepidotus) is an important commercial spe
des in N.S.W. and a key target species for a large recreational fishery (Grant, 
1985 ). It is a euryhaline demersal species inhabiting nearshore environments 
and estuaries during the juvenile stages of development (0-2 years) (Ben
nett, 1985 ). In N.S.W., this is evident from March to July each year when 
newly spawned individuals occur in several estuaries throughout the state. 

· The Hawkesbury River is an estuary in N.S.W. which supports a year-round
sehool prawn (Metapenaeus macleayi) fishery valued at approximately A$725 
000 per annum. A survey of the by-catches of prawn trawl fisheries through
out N.S.W. showed that there are relatively large by-catches of juvenile mul
loway during winter months in the Hawkesbury River (Kennelly et al., l 9_92). 
The current management of this fishery is mainly based on spatial and tem
poral closures to trawling but, because of increasing conflicts with other fish
e�s concerning the by-catch of juvenile finfishes, alternative procedures may 
be required if prawn trawling is to continue at those places and times where 
conflicts occur. 

Recent studies on modifications to trawling gear have concentrated on de
signs that reduce by-catch while maintaining catches of prawns. Many of these 
studies have shown clear results and have often led to changes in the manage
ment strategies of the fisheries concerned ( e.g. Kendall, 1990; Renaud et al., 
1990; Thorsteinsson, 1992). One suite of modifications to trawl nets that has 
been tested successfully in a number of fisheries involves square-mesh panels 
in codends (Robertson, 1983a; Isaksen and Valdermarsen, 1986; Robertson 
and Stewart, 1988; Carr, 1989; Suuronen, 1990; Briggs, 1992; Thorsteinsson, 
1992; Fonteyne and M'Rabet, 1992; Casey et al., 1992; Walsh et al., 1992). 
These papers attempted to determine the selective properties of square-mesh 
panels in codends for benthic species and identified them as possible solu
tions to release roundfish while retaining a large proportion of the targetted 
c�tch. 

Given this recent and successful history, the present situation in the Haw
kesbury River suggests that square-mesh panels in codends may reduce by
catch, thereby reducing conflict. Our specific goals in this paper were to com
plete a manipulative field experiment under normal commercial fishing op
erations to determine the characteristics for retaining prawns and excluding 
mulloway of two designs of codend which incorporate square-mesh panels. 

Materials and methods 

This study was carried out in April 1992 on established prawn-trawl grounds 
in the Hawkesbury River using a commercial prawn trawler ( 10 m). This 
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fishery uses single-rigged otter-board prawn trawls based on the Florida Flyer 
design. A single locally designed prawn net with a headline length of 11 m 
( mesh size 40 mm) was rigged so that the codend could be exchanged. This 
trawl was used in replicate 30 min tows at approximately 2.5 knots in depths 
ranging from 2 to 8 m. 

The codends used in this experiment measured 50 meshes long (2 m) and 
were constructed from 40 mm mesh netting ( see Fig. 1 ) . They comprised two 
panels: the anterior panel was 25 meshes long and constructed of 2 mm di
ameter twisted twine; the posterior panel was 25 meshes long and constructed 
of 3 mm diameter braided twine. Three designs of codend were examined. 
The control codend ( conventionally used in the Hawkes bury River fishery) 
was hung such that all meshes were diamond-shaped (Fig. I (A)). The sec
ond codend ( referred to as the all-square codend) had the netting cut on the 
bar such that the whole codend was made up of square-shaped meshes (Fig. 
I (B) ). The third codend (referred to as the half-square codend) was inter
mediate between these, with the posterior section of the codend hung with 
conventional diamond-shaped meshes and the anterior section hung with 
square-shaped meshes (Fig. 1 ( C)). We predicted that the latter codend would 
provide a means for water and swimming fish to escape from the codend 
through the larger anterior openings. 

The three codends were interchanged between tows in a random order so 
that each coden.d was used three times per day ( total of nine tows per day). 
Over ten consecutive days during the trawling season when mulloway were in 
great abundance, we completed a total of 30 replicate tows for each of the 
three codends. To ensure independence among tows, the location of each tow 
was randomly selected from the available prawn-trawl locations that were 
possible under the particular conditions. These locations were determined by 
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Fig. I. Diagrammatic representation of codends used in this experiment: (A) control codend; 
( B) all-square codend; (C) half-square codend (T, transversals; B, bars; N, normals).
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the fisher's local knowledge and were dependent upon such factors as the tide 
and clarity of the water. 

After each tow, the codend was emptied onto a tray. All organisms were 
sorted according to species, the most abundant being prawns, mulloway and 
catfish (Euristhmus lepturus). Data recorded from each· tow were: the total 
weight of prawns, the total weight of by-catch, the weights, numbers and sizes 
ofmulloway (to the nearest 0.5 cm), the weights and numbers of catfish, the 
numbers and sizes of other commercially and/ or recreationally important 
species (to the nearest 0.5 cm), the numbers ofnoQ.-commercial/recreational 
species and the total number of species in the assemblage. All prawns in a 
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Fig. 2. Differences in mean catches ( ±SE) ( per 30 min tow) of (A) the weights of prawns and 
all by-catch, (B) the numbers of catfish and mulloway and ( C) the m{mbers of species ( n = 30 
for each codend pooled across days). 
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Table 1 (a) 
Summaries of Fratios from analyses of variance to determine effects on variables due to fishing with 
different codends and on different days 

Treatment 

Codends (C) 
Days (D) 
CXD 
Residual 

d.f. 

2 
9 

18 
60 

Weight 
of 
prawns 

21.6 I• 
(i.38* 
l.62 

Weight of 
by-catch 

29.0* 
0.94 
1.45 

No. ofmulloway No. of catfish No. of 
A. hololepidotus Euristhmus lepturus species 

80.65* 65.22* 21.1• 
1.5 1.38 1.03 
l .2 l.l 1.31 

To stabilize variances the weights of prawns, by-catch and the numbers ofmulloway and catfish 
were transformed using ln(x+ l ). The data for number of species were treated in the raw form. 
*Significant (P<0.01 ).

Table l (b) 
Summaries of Student-Newman-Keuls multiple comparisons of the means of each codend for the 
five variables 

Weight of prawns 
Weight of by-catch 
No. of catfish 
No. of mulloway 
No. of species 

Control= 1/2>all square 
Control> 1 /2 > all square 
Control> 1/2>all square 
Control> 1/2>all square 
Control= 1/2>all square 
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Fig. 3. Length-frequency distributions of school prawns (Metapenaeus macleayi), greasyback 
prawns (Metapenaeus bennettae) and king prawns (Penaeus plebejus) from each of the three 
codends. 
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subsample of the total prawn catch from each tow were measured in the lab
oratory ( to the nearest 1 mm). 

Data for all variables were analysed using Cochran's test for homogeneity 
of variances, transformed if necessary, and then analysed in the appropriate 
two-factor analysis of variance (see Underwood, 1981 ). Significant differ
ences detected in these analyses were investigated using Student-Newman
Keuls multiple comparisons of means. Size-frequencies of prawns and mul
loway were graphed and compared. 

Results 

Both the codends with square-mesh panels significantly reduced the weight 
of by-catch and the numbers of catfish and mulloway (Figs. 2(A) and 2(B ), 
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Fig. 4. Length-frequency distributions of mulloway (Argyrosomus hololepidotus) from each of 
the three codends. 
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and Table 1 ) . The mean numbers of mulloway were reduced by 9 5% in the 
all-square codend and by 54% in the half-square codend. The half-square cod
end did not significantly reduce the numbers of species in the assemblage nor 
the catches of prawns, although the mean weight of prawns was 16% lower in 
this codend (Figs. 2(A) and 2(C), and Table I). The all-square codend, 
however, significantly reduced the weights of prawns ( difference between 
means of 52%) and the numbers of species. Of all variables, only the weight 
of prawns caught was significantly different among days in the experiment 
(Table I ) . No variables displayed significant interactions between type of 
codend and days of sampling. 

School prawns, Metapenaeus macleayi, and mulloway were represented by 
two easily identifiable cohorts in the control and half-square codends (Figs. 
3 and 4). The size distributions of these species in the all-square codend 
showed only the larger of the two cohorts. The size compositions of greasy
back prawns, Metapenaeus bennettae, and king prawns, Penaeus plebejus

.,. 
were 

similar in the half-square and control codends, whereas the all-square codend 
proportionally caught fewer small prawns (Fig. 3 ). 

Discussion 

The data presented above illustrate that codends with square-mesh panels 
selectively reduced the catch of non-target species (see also Robertson 1983b; 
Robertson and Stewart, 1988; Arkley, 1990; Briggs, 1992; Fonteyne and 
M'Rabet, 1992). In addressing possible reasons for these patterns, it is useful 
to examine various behavioural characteristics which may cause the apparent 
selectivities of square-mesh panels. Previous studies have shown that fish and 
invertebrates display different reactions to mechanical stimuli (Watson, 1976; 
Wardle, 1983, 1989; Main and Sangster, 1985; Newland and Chapman, 1989). 
Generally, fish, unlike slower-moving benthic invertebrates, exhibit a herding 
response to trawls. In an attempt to maintain position with a moving net, fish 
invariably tire and fall back towards the tapering codend (Wardle, 1983). 
Chapman ( 1964) suggested that a possible area of escape for these fish may 
occur at this point because, as they are herded close together, the balance of 
the school is upset, initiating an escape response towards the sides of the net. 
The school may even continue this escape response by attempting to push 
through the meshes at the sides of the net. Briggs ( 1992) observed the behav
iour of North Sea whiting (Merlanguis merlanguis) in a codend with a square
mesh panel and concluded that the fish nosed along the diamond mesh panels 
of the codend, actively seeking escape. Once they encountered the panel of 
square-mesh, they were able to pass through the larger openings. 

In contrast, the response ofbenthic invertebrates such as prawns to stimuli 
from trawled gears appears to be limited (Lockhead, 1961; Main and Sangs
ter, 1985; Newland and Chapman, 1989). Scuba observat_ions by Watson 
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( 1976) indicated that a strong external stimulus (such as the ground chain of 
a trawl) resulted in penaeid prawns contracting their abdomens ventrally, 
effectively propelling themselves backwards. This initial escape response was 
repeated three to five times, after which the prawns attempted to orientate 
themselves to the seabed using their swimmerets. Because prawns are not ca
pable of maintaining such activity for long, the flow of water generated by the 
moving trawl quickly forced the prawns against the meshes and they eventu
ally tumbled down the net. Once in the rdir of the codend, their retention 
depended on the mesh-size of the codend rather than any active escape re
sponse. Because openings in the meshes in the all-square codend used in the 
present study were larger than in the control codend, there was less likelihood 
that smaller individuals could have been retained, thus explaining the rela
tively small catches and larger sizes of prawns caught. Similarly, any fish that 
did not escape at the point of codend taper in this codend would likewise be 
subjected to the same selectivity as the prawns, hence the small numbers of 
mulloway and catfish retained (Fig. 2 ). Although the most efficient in ex
cluding mulloway, the all-square configuration is probably economically un
acceptable in terms of catching prawns ( 52% reduction in mean catches) and 
therefore should not be considered as a viable option for management. 

The half-square codend retained less mulloway than the control codend 
( 54% difference in mean catches) with no statistically significant reduction 
in prawn weights (Fig. 2 and Table 1 ). This result may be attributed to the 
differences in behaviour discussed above and differences in hydrodynamic 
pressure anterior to the diamond-mesh section. Because meshes in the poste
rior section of the codend are virtually closed, waterflow through the codend 
is restricted, causing a back-pressure of water to be directed out through the 
anterior square meshes. Such a movement of water would assist the escape of 
free-swimming fish. Chapman ( 1964) labelled this the 'damming phenome
non', and suggested that such a disturbance may stimulate the lateral-line re
ceptors of fish and contribute to their escape responses. 

There were no significant differences between the size compositions of 
prawns and mulloway captured in the half-square and control codends (Figs. 
3 and 4). The all-square codend retained ohly the larger of these organisms, 
probably because openings in the meshes in the posterior section were larger. 
There were no interspecific differences in the length-frequencies of the prawns 
caught during the experiment, suggesting that these three species reacted sim
ilarly once inside the net. 

This experiment showed that there is greaJ potential for the eventual devel
opment of a codend with square-mesh paneis that excludes a large proportion 
of fish ( including juvenile mulloway and catfish) while retaining an accept
able amount of prawns. Because Briggs ( 1992) observed that most fish es
cape through the first few rows of such panels, a modification to the codends 
described in the present paper would be to reduce the size of the square-mesh 
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panel in the half-square codend. Such a modification may maintain the es
cape of fish such as mulloway, while reducing the likelihood that prawns will 
'flick' through the open meshes during their initial escape response. Further, 
because larger fish are more likely to avoid capture initially (because they 
swim faster), a reduction of the mesh size in the square-mesh panel may en
hance the retention of prawns while still excluding small fish. 

Althpugh the mulloway-exclusion characteristics of square-mesh panels were 
apparent, there remains a question surrounding the physical trauma associ
ated with escaping (Main and Sangster, 1988; DeAlteris and Castro, 1992). 
For example, Briggs ( 1992) observed that clupeoids lost scales during escape 
through netting. In addition, fish may also damage fins and gills during move
ment through square meshes, contributing to overall stress and possibly post
trawl mortality. In two of the few studies which have examined such mortal
ities, DeAlteris and Reifsteck ( 1993) found negligible mortalities of fishes 
that had passed through square-mesh panels, and Main and Sangster ( f988) 
showed that fish passing through square meshes had greater rates of survival 
than t�ose passing through diamond meshes. Obviously, any future research 
to refihe modifications to codends should include an assessment of such 
effects. 

In this study, we have demonstrated that square-mesh panels have the po
tential to reduce the incidental capture of juvenile mulloway by the Hawkes
bury River prawn-trawl fleet while retaining the majority of prawns caught. 
Further research needs to be done in refining the designs of these codends so 
that mpre juvenile fish are excluded, catches of prawns are maintained and 
the extent of post-trawl mortalities of excluded fish are assessed. 
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PRAWN TRAWL FISHERIES 
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ABSTRACT 

A recent large-scale, stratified, randomized 
observer programme onboard NSW's estuarine 
and oceanic prawn trawlers identified and quan
tified the catches and by-catches of these fleets. 
The results led to fishery-specific information 
concerning the species and quantities of by
catches throughout NSW and so provided an 
excellent starting point for attempts to reduce 
unwanted by-catches. This work led to the 
current project which is testing a variety of 
modifications to conventional trawls (including 
various panels, funnels and grids) which aim to 
reduce the by-catch of juvenile finfish whilst 
maintaining catches of prawns. Such gear
development work on prawn trawlers is facili
tated by the fact that twin and triple-rigged trawl 
gear and trouser trawls can be incorporated into 
experimental designs involving control and 
modified trawls and therefore provide rather 
straightforward comparisons. This work is 
mainly concentrated offshore from 2 oceanic 
locations (Iluka/Yamba in the north and Port 
Stephens/Newcastle in the south of NSW) and in 
2 estuaries (the Clarence River in the north and 
Botany Bay in the south). We charter commer
cial vessels that are representative of the fleet 
and are set up to trawl in the conventional way. 
The experiments done so far have yielded very 
promising results with reductions in by-catches 
of well over 50% being recorded with negligible 
losses of prawns. We see the involvement of 
industry in all aspects of this research as a vital 
pre-requisite to the eventual implementation of 
the results into the various fisheries. 

+++ 

33 

INTRODUCTION 

A common definition of the term "by-catch" is 
Saila's (1983) "that part of the gross catch which 
is captured incidentally to the species towards 
which there is directed effort". Under such a 
definition, there are few fisheries in the world 
which do not have by-catch, making the scope, 
diversity and history of the issue enormous. In 
recent years, a great deal of interest in by-catch 
has focussed on demersal trawl fisheries because 
they use comparatively non-selective fishing 
gears and so catch large quantities of a wide 
range of species. 

In some countries and fisheries. some or all of 
the by-catch from demersal trawling is con
sidered as a "bonus from the sea" and is utilized 
as a source of protein for human or animal 
consumption. Recently. however. more negative 
aspects of this by-catch have been emphasised as 
the mortality of certain by-catch species is 
thought to reduce the subsequent sizes of stocks 
in other fisheries which target such species. 
These negative effects on interacting fisheries 
may range from relatively simple effects (such as 
the direct mortality of juveniles due to trawling 
and discarding) through to more complex effects 
on community structure caused by habitat degra
dation, influences on species interactions and 
consequent cascading effects throughout the food 
web. In the last few years. there has been an 
increased awareness of these problems of by
catch from demersal trawling, making this one 
of the most important and critical issues facing 
commercial and recreational fisheries throughout 
the world. 

In Australia, concern about the deleterious 
impacts of by-catch from prawn fishing began as 
early as the late nineteenth century when a Royal 
Commission examined the fisheries of NSW 
(Macleay et al., 1880). The by-catch from 
demersal trawling for prawns and fish is still of 
great concern to a broad cross-section of the 
community in Australia, particularly commercial 
fishers other than trawler operators (e.g. fish 
trappers, set and hand-liners, mesh netters, 
beach seiners), as well as recreational fishers, 
conservationists, environmentalists, fisheries 
managers, scientists and politicians from all 
levels of government. Of major concern are 
complaints regarding demersal trawlers catching 



and discarding large numbers of undersize fish 
that, when larger, are targeted in other commer
cial and recreational fisheries. In particular, 
these claims are made with respect to prawn 
trawlers working in estuarine and oceanic loca
tions thought to be nursery grounds for import
ant fish. 

It is worth noting, however, that not all by-catch 
is considered undesirable. In NSW we divide 
by-catches into what is known as trash (including 
the above-mentioned discarded juveniles) and the 
so-called "by-product". In the trawl fishery for 
oceanic eastern king prawns (Penaeus p/ebejus 
Penaeidae) for example, large quantities of 
octopus (Octopus spp. Octopodidae), squid 
(Loligo spp. Loliginidae), trawl whiting (Sil/ago 
spp. Sillaginidae) and balmain bugs (lbacus spp. 
Scyllaridae) are landed and significant domestic 
and overseas markets have been developed. This 
"by-product" is usually considered "acceptable" 
in terms of inter-fishery conflicts because alter
native fisheries are negligible. 

OBSERVER-BASED QUANTIFICATION OF 
BY-CATCHES 

The first piece of information that is required to
understand trawl by-catch concerns descriptions 
of its quantity and diversity. Whilst the most 
obvious and valid way to determine this informa
tion is for scientific observers to sort, identify, 
count, measure and weigh by-catches from 
normal commercial fishing operations, there 
have been only ·a few such studies completed in 
Australia. 

The first study of by-catch from prawn nets in 
Australia was published 90 years ago by 
Dannevig (1904) who provided data on the 
numbers, species and marketability of by-catch 
from a survey of replicate prawn hauls in 
Sydney Harbour by a commercial fisher under 
normal operations. He concluded that "all the 
most serious charges against the sunken prawn
net (that bushels upon bushels of young fish are 
being killed by the prawn nets and that the latter 
have been the ruin of the local fisheries -
Macleay et al., 1880) have either been based 
upon an absolute misconception or are otherwise 
greatly exaggerated . . . . . . . many unfavourable 
observations that from time to time have been 
made with regard to the work in shallow water 
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have been attached to the industry generally, and 
this is where considerable injustice -has been 
done". These conclusions are consistent with 
those from our modern-day . observer pro
grammes (see below) which show large spatial 
and temporal variabilities in the identities and 
quantities of by-catch species. 

In 1988 we began a large-scale observer pro
gramme to assess by-catches in New South 
Wales' oceanic and estuarine prawn fisheries in 
response to claims concerning large mortalities 
of juvenile fish (Kennelly, 1993). This project 
involved onboard observers working alongside 
commercial trawlers and deckhands to sort, 
identify, count, measure and weigh the assem
blages of species caught during norm�l fishing 
operations. This was done out of 4 ofithe main 
ports for the offshore fisheries of NSW (see Fig. 
1) and in 5 of the 6 estuaries where prawn
trawling is permitted. After censusing over
3,500 tows during 3 years, the data from this
project was combined with information on the
numbers of days fished by various fleets to
provide reasonably precise estimates of total by
catches caught by various fleets in ·different
places and times (see Figs. 2 and 3). Seasonal
estimates of by-catches in the order of hundreds
of thousands up to millions of juvenile finfish
were obtained.

An important point concerning these estimates 
that is often overlooked when discussing trawl 
by-catch is that, even if all the large numbers of 
juvenile finfish discarded by prawn trawlers die, 
this may not have any detectable effect on subse
quent stocks of fisheries for these species if most 
of these juveniles would have died of natural 
causes anyway as they grew to legal size. 
Estimates of the natural mortalities of by-catch 
species, their biomasses, their ages at legal-size 
and estimates of trawl-induced mortality'must all 
be incorporated to·estimate any impacts of trawl 
by-catch on subsequent stocks for these species. 
Unfortunately, we have very few estimates of the 
relevant life-history parameters of key fishes in 
Australia. In one such attempt, however, 
Kennelly et al., (1993) estimated that the by
catch of juvenile snapper (Pagrus auratus 
Sparidae) of 350,000 fish in one season in the 
Botany Bay prawn fishery may represent approx. 
60,000 legal-size fish 3 years later. Without an 
estimate of the relative proportion of the avail-



able biomass that these by-catches represent, 
however, no conclusions are possible. For 
example, estimates of by-catches of particular 
species that are of the order of 350,000 fish may 
be negligible if the biomasses of these fish in 
these places are in the billions. 

The data in Figs. 2 and 3 shows a great deal of 
variability in by-catches with large quantities 
only occurring in certain places at certain times. 
We concluded from this work that such 
variabilities preclude the establishment of fixed 
seasonal or localized spatial closures, implying 
that more flexible closures may be necessary. 
To advise managers on the most effective times 
and locations of such closures, however, onboard 
observers would need to collect data on a regular 
basis throughout the full spatial range of the 
fishery. Of course, such large and expensive 
programmes would be unnecessary if managers 
could rely on industry for such information, but 
this is unlikely because fishers may be reticent to 
restrict their own fishing in order to protect 
species that are of little or no importance to 
them. 

BY-CATCH REDUCING MODIFICATIONS 
TO TRAWL GEARS 

With fixed spatial and temporal closures unlikely 
to succeed as a management tool in solving the 
trawl by-catch problem in NSW, we decided to 
head in the direction taken by other countries 
and attempt to develop modifications to trawl 
gears that may reduce unwanted by-catches 
whilst maintaining catches of prawns and other 
acceptable "by-product". This research began a 
few years ago and we have enjoyed a great deal 
of success in testing modifications like solid 
separator grids and square mesh windows in our 
estuarine and oceanic trawl fisheries. 

This work has involved constant and intensive 
collaboration with fishers so that we can take full 
advantage of their unique practical knowledge of 
the relevant gear as it applies in their fisheries. 
We charter commercial vessels for our field 
work and employ commercial fishers and 
netmakers to build our gear. The experiments 
we use in this research usually involve rather 
straightforward comparisons of different gears in 
twin and triple-rigged gear trials. Modified 
codends are placed in one net and catches from 
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replicate tows are compared with those from 
conventional, control codends in the other net. 

One of the first trials we did showed that the 
1,4orrison soft TED, as used in some American 
fisheries, significantly reduced the amount of by
catch in the New South Wales king prawn 
fishery by excluding ,most organisms from 
codends that were larger than the mesh-size of 
the TED panel (Andrew et al., 1993, see Fig. 
4). This type of TED is also used by certain 
estuarine prawn trawl fisheries in New South 
Wales to exclude unwanted jellyfish (Catostylus 

mosaicus Catostylidae) from by-catches. 

In one of the few Australian attempts to modify 
trawl gear to reduce the by-catch of fish that are 
a ·similar size as the targeted prawns, we com
pared conventional codends with designs that 
incorporated square-mesh panels (Broadhurst & 
Kennelly, 1994). This work has been quite 
successful in estuarine (Fig. 5) and oceanic (Fig. 
6) fisheries in NSW. These designs took advan
tage of the different behaviours of prawns and
fish when caught in a prawn trawl by providing
the swimming juvenile fish avenues of escape
before reaching the base of the cod end. The
results showed that square-mesh panels in
codends retained most of the prawns targeted
and other by-product and excluded significant
numbers of juvenile fish and· other unwanted by
catch.

We have also had marked success in trialling the 
Ndrdmore Grid (see Fig. 7). With the help of 
Bjornar Isaksen from Bergen, Norway, we 
developed some grids and trialled them in our 
estuarine fisheries. The results were very prom
ising (see Fig. 8) and after just a few weeks of 
testing, several vessels in these fleets are using 
the, grids to reduce by-catch on a purely volun
tary basis. Such involvement and acceptance by 
industry of these modifications will greatly 
facilitate the eventual legislation of these modifi
cations. 

CONCLUSIONS 

Research into more selective trawl gears in 
Australia has only begun in the past few years 
but the results have been very encouraging. Our 
work has shown that it is important to have 
industry actively involved in any study seeking 



to reduce by-catches for several reasons: (i) 
industry are seen to be a driving force in 
addres�ing potential problems that other fisheries 
and the public may derive from the by-catch of 
large numbers of juvenile fish; (ii) scientists and 
manag�rs can fully utilize industry's unique 
practical knowledge of the relevant gear technol
ogy as it applies to their fisheries; and (iii) the 
adoption of new gear modifications into legisla
tion is achieved in a relatively painless and even 
positive fashion. 
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A common definition of the term 'bycatch' is Saila's (1983) "that part of the gross catch 
which is captured incidentally to the species towards which there is directed effort". 
Under such a definition, there are few fisheries in the world which do not have bycatch, 
making the scope, diversity and history of the issue enormous. In recent years, a great 
deal of interest in bycatch has focused on demersal trawl fisheries because they use 
comparatively non-selective fishing gears and so catch large quantities of a wide range 
of species (Andrew and Pepperell, 1992; Klima, 1993; Tillman, 1993). This review 
summarizes the available literature concerning bycatch in Australia's demersal fish and 
prawn trawl fisheries. 

Some fishing gears are very selective in their operation and catch virtually no bycatch 
(e.g. some purse seine and squid jigging fisheries), but most other gears (fish traps, 
longlines, droplines, crab pots, angling rods etc.) will catch organisms that are un
targeted (Tillman, 1993). A combination of the selective properties of the fishing gear, 
the skill of the fishers and the place and time of fishing determines the quantity of 
bycatch that is caught, discarded, damaged and killed. Most fishing gears are somewhat 
selective in what they catch, but other, l�ss selective gears (e.g. demersal trawling for 
prawns and fish) have the potential to catch large quantities and a wide diversity of 
organisms and so cause interactions with other species, other fisheries and therefore 
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other user groups (see also Andrew and Pepperell, 1992; Klima, 1993). Non-selective 
fishing gears may also affect the target fishery itself when bycatch includes those 
individuals of a target species which are caught and discarded because they are too 
small or unworthy to retain. The mortality of such conspecifics during capture and 
discarding is the major reason for such management measures as mesh-size restrictions 
on nets and traps and minimum or maximum size limits on retained individuals 
(Gulland, 1973; Howell and Langan, 1987). 

In some countries and fisheries, some or all of the bycatch from demersal trawling is 
considered as a 'bonus from the sea' and is utilized as a source of protein for human or 
animal consumption (IDRC, 1982; Peterkin, 1982; Saila, 1983). Recently, however, 
more negative aspects of this bycatch have been emphasized as the mortality of certain 
bycatch species is thought to reduce the subsequent sizes of stocks in other fisheries 
which target such species (e.g. Gordon, 1988; Foldren, 1989; Cooper, 1990; Ohaus, 
1990; Klima, 1993). These negative effects on interacting fisheries may range from 
relatively simple effects (such as the direct mortality of juveniles due to trawling and 
discarding) through to more complex effects on community structure caused by habitat 
degradation, influences on species interactions and consequent cascading effects 
throughout the food web. In the last few years, there has been an increased awareness 
of these problems of bycatch from demersal trawling, making this one of the most 
important and critical issues facing commercial and recreational fisheries throughout 
the world (Klima, 1993; Tillman, 1993). 

In Australia, concern about the deleterious impacts of bycatch from prawn fishing 
began as early as the late 19th century when a Royal Commission examined the 
fisheries of New South Wales (Macleay et al., 1880). The bycatch from demersal 
trawling for prawns and fish is still of great concern to a broad cross section of the 
community in Australia, particularly commercial fishers other than trawler operators 
(e.g. fish trappers, set and hand-liners, mesh netters, beach seiners), as well as 
recreational fishers, conservationists, environmentalists, fisheries managers, scientists 
and politicians from all levels of government. Of major concern are complaints 
regarding demersal trawlers catching and discarding large numbers of undersize fish 
that, when larger, are targeted in other commercial and recreational fisheries. In 
particular, these claims are made with respect to prawn trawlers working in estuarine 
and oceanic locations thought to be nursery grourids for important fish (Andrew and 
Pepperell, 1992). The literature concerning trawl bycatch in Australia has grown 
markedly since the early 1970s and is diverse in the kinds of information derived and 
the methods used. These papers can be separated into several categories: studies that 
describe the abundances, diversities and utility of bycatches; studies of the fate of 
discarded organisms; tests of impacts on epibenthic habitats and assemblages of fishes; 
and the development of modified gears and fishing practices designed to minimize 
bycatch. Table 1 contains a summary of these papers by listing the location (Fig 1), key 
issues examined and the main conclusions. 

Identifying and quantifying bycatches 

COMMERCIAL OBSERVER SURVEYS 

The first piece of information that is ·required to understand trawl bycatch concerns 
descriptions of its quantity and diversity (Klima, 1993; Martinez et al., 1993). Whilst 



Table 1. Summaries of papers examining bycatch from demersal trawling in Australia 

Main issues examined Fisheries examined (map ref.)* Main conclusions 

Identifying and quantifying bycatches 
Commercial observer surveys 

Recreational vs. 
professional 

Bycatch of turtles 
Recreational and 

commercial vs. trawling 

Sydney Harbour NSW (A) 

Northern Prawn Fishery (B) 
Estuarine (A) and Oceanic (C) 

NSW 
Recreational vs. trawling SW Australia - prawn and 

scallop (D) 

Moreton Bay, Qld (E) 

Bycatches variable. Impacts cannot be 
generalized 

Turtle bycatch insufficient to warrant concern 
Large bycatches of important fish. Highly 

variable bycatches 
Significant bycatch of some species. Unlikely 

to affect sustainable yield 

Large variabilities. Most associations seemed 
to be random 

Fishery-independent surveys 

Effects of time of day, tide 
and location 

Quantifying fauna! 
assemblages 

Oceanic Qld and Great Barrier Nearshore, midshelf and inter-reef assem-
Reef (F) blages were identified 

Identifying and quantifying SW Australia - prawn and 
bycatches .. scallop (D.). 

Effects of salinity and Hawkesbury R. NSW (A) 
location 

Designing surveys of Oceanic NSW (C) 
bycatch assemblages 

Assessing impacts on interacting fisheries 
Interactions between fish North West Shelf-fish trawl (G) 

trawl and trapping 
Changes in assemblages 

after years of trawling 

Effects of trawling on 
whiting stocks 

Gulf of Carpentaria (H), Torres 
St. (I) 

Moreton Bay, Qld (E) 

150 species identified, 39 were commerically 
important 

Changes in assemblages correlated with 
salinity and distance upstream 

Optimal designs for surveys of bycatch 
assemblages 

Fish trawling affected a fish trap fishery via 
habitat degradation 

Species-specific fluctuations in ab.undances 
and a decrease in diversity 

Large bycatches of winter whiting had no 
lasting effect on stock size 

References 

Dannevig (1904) 

Poiner et al. (1990) 
Kennelly (1993) 

Laurenson et al . (1993) 

Stephenson et al. (1982a,b) 

Cannon et al. (1987), Jones & 
Derbyshire (1988), Dredge 
(1989a,b), Watson and 
Goeden (1989), Watson et 

al (1990) 
Laurenson et al. (1993) 

Gray et al. (1990), Gray and 
McDonall (1993) 

Kennelly et al. (1993b) 

Sainsbury (1987, 1988, 1991) 

Rainer and Munro (1982), 
Rainer (1984), Poiner and 
Harris (1986), Harris and 
Poiner (1991) 

Maclean (1972) 



Table 1. Continued 

Main issues examined 

Effects of prawn trawling 
on fish populations 

Effects of beam trawling 
on fish populations. 

Changes in areas open and 
closed to trawling 

Changes in areas open and 
closed to trawling 

Incorporating natural 
mortalities and growth 
rates to assess impacts 

Fisheries examined (map ref.)* 

Albatross Bay, Gulf of 
Carpentaria (H) 

Moreton Bay, Qld (E) 

Hawkesbury R. NSW (A) 

SW Australia - prawn and 
scallop (D) 

Estuarine NSW (A) 

Effects on habitats and benthic assemblages 
Effects of fish trawling on North West Shelf-fish trawl (G) 

nabitats and 
consequences 
for fish assemblages 

Review of impacts of Australia-wide review 
trawling on habitats 

Changes in macrobenthos Botany Bay, Estuarine NSW 
due to trawling (A) 

Habitats in areas open SW Australia - prawn and 
and closed to trawling scallop (D) 

The faJe of discards and consequences for food webs 
Experiments to quantify Moreton Bay, Qld (E) and 

the fate of discards Torres St. (I) 

Predation on prawns by 
bycatch species 

Albatross Bay, Gulf of 
Carpentaria (K) 

Main conclusions 

Total bycatch estimated to be less than 10% 
of standing stock 

River perch numbers may be affected. Bream 
not affected 

No significant effects of trawling 

Smaller numbers in untrawled areas compared 
with trawled areas 

Bycatch of 350 000 juvenile snapper may 
represent 60 000 legal-size fish 3 years later 

Trawling led to decreases in sponges and 
other benthos which correlated with changes 
in fish assemblages 

Very few studies done but potential for 
significant impacts noted 

No detectable alteration in habitats 

Physical effects of trawling were short-lived 

Discard survival was low but higher for 
crustaceans than fish. Trawling moves large 
amounts of food from the bottom to the 
surface. This affects feeding and abundances 
of scavengers on the surface (sea-birds), in 
mid-water (sharks, dolphins) and on the 
bottom (rays, crabs) 

Large bycatches of species that eat prawns 
may enhance prawn stocks 

References 

Blaber et al. (1990) 

Hyland (1985) 

Gray et al. (1990) 

Laurenson et al. (1993) 

Kennelly et al. (1993a) 

Sainsbury (1991) 

Hutchings (1990) 

Gibbs et al. (1980) 

Laurenson et al. (1993) 

Wassenberg and Hill (1987, 
1989, 1990, 1993), Hill and 
Wassenberg (1990), Blaber 
and Wassenberg (1989), 
Harris and Poiner (1990) 

Salini et al. (1990), Brewer et

al. (1991) 



Utilization 
Observer programme Northern Prawn Fishery (B) Some species landed. Additional 43 species Pender and Willing (1989, 

to assess potential have market potential 1990), Willing and Pender (') 
s:::i 

utilization of bycatch (1989), Ramm et al. (1990), 
;::s-, 

species Pender et al. (1992a,b) .... 

Economic returns from Oceanic NSW (C) Large markets for octopus, squid, whiting, Kennelly et al. (1993a) � 
bycatch balmain bugs E; 

Unusual markets for Oceanic Qld (F) Sea-snakes for.snakeskin fashion products. Haysom (1985) � 
bycatch Pipehorses as aphrodisiac ....... 

.... 

V'J� 

Management alternatives s:::i.. 

Closures to trawling 
� 
� 

Effectiveness of large North West Shelf-fish trawl (G) Closures cancelled effects of trawling Sainsbury (1991) � 
;;; 

spatial closures s:::i ....... 
Observer surveys to Estuarine (A) and Oceanic (C) Large spatial and temporal variabilities in Dannevig (1904), Pender et ..... 

� 
estimate bycatches NSW bycatch preclude confident setting of al. (1992a,b) Kennelly � .......

Northern Prawn Fishery (B) closures (1993) � 
Devel�pment of more ;::s-, � 

selective trawl gears .... 

Mono- and multifilaments Moreton Bay, Qld (E) Few significant effects. Multifilament caught Sumpton et al. (1989) � 

trawls more small prawns and fewer sand crabs 
The Julie Anne semi- Northern Fish Trawl fishery (J) Footrope raised off bottom resulted in 43% of Mounsey and Ramm (1991) 

demersal fish trawl the bycatch 
Effects of long sweeps on Oceanic NSW (C) Long sweeps herded whiting and flathead into Andrew et al. (1991) 

trawls trawls 
Trial of the Morrison soft Oceanic NSW (C) Excluded most individuals from the cod end Andrew et al. (1991), 

TED Moreton Bay Qld (E) that were larger than the mesh size in the Robins-Troeger (1994) 
TED panel 

Trials of 'AusTED' - Moreton Bay (E) and Oceanic Reduced bycatch of rays and turtles with no Mounsey et al. (in press) 
includes a flexible grid Qld (F) significant prawn loss Robins-Troeger et al. 

Soft TEDs voluntarily Estuarine NSW (A) Used by commercial trawiers to reduce Kennelly et al. (1993a) 
used by industry bycatch of jellyfish 

Trials of square mesh Hawkesbury R. NSW (A) Reduced bycatch of juvenile fish with Broadhurst and Kennelly 
panels in cod ends negligible loss of prawns (1994) 

N 
-

* All are prawn fisheries unless otherwise noted. -...J 
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Fig. 1. Location of the study areas examined by papers dealing with demersal trawl bycatch in 
Australia. Letters refer to references in Table 1. 

the most obvious and valid way to determine this information is for scientific observers 
to sort, identify, count, measure and weigh bycatches from normal commercial fishing 
operations, there have been only a few such studies completed in Australia. 

The first study of bycatch from prawn nets in Australia was published 90 years ago by 
Dannevig (1904) who provided data on the numbers, species and marketability of 
bycatch from a survey of replicate prawn hauls in Sydney Harbour by a commercial 
fisher under normal operations. He concluded that "all the most serious charges against 
the sunken prawn-net (that bushels upon bushels of young fish are being killed by the 
prawn nets and that the latter have been the ruin of the local fisheries) have either been 
based upon an absolute misconception or are otherwise greatly exaggerated . . . many 
unfavourable observations that from time to time have been made with regard to the 
work in shallow water have been attached to the industry generally, and this is where 
considerable injustice has been done". These conclusions are consistent with those from 
modem-day observer programmes (see below) which show large spatial and temporal 
variabilities in the identities and quantities of bycatch species. 

Recent surveys of demersal trawl bycatch onboard commercial vessels have been 
done in the Northern Prawn Fishery to examine the potential utilization of bycatches 
( discussed later) and the incidental capture and mortality of sea turtles (Poiner et al.,

1990). The subject of the latter study is a particularly controversial issue in American 
prawn fisheries where trawl nets now have to include authorized TEDs (turtle exclusion 
devices - Seidel, 1993). Poiner et al. (1990) showed that 4114 (± 1369 SE) sea turtles 
were estimated to have been in the bycatch of the Northern Prawn Fishery during 1988, 
of which only 247 (± 90 SE) were estimated to have been drowned. The conclu�ion was 
that the mortality of sea turtles through prawn trawl bycatch in this fishery 'did not 
warrant concern. 

Another observer programme to assess bycatches was done in New South; Wales' 
oceanic and estuarine prawn fisheries in response to claims concerning large mortalities 
of juvenile fish (Kennelly, 1993; Kennelly et al., 1993a). After censusing over 3500 tows 
during 3 years, this project provided re�sonably precise estimates of total bycatches 
caught by various fleets in different places and times. Seasonal estimates of bycatches in 
the order of hundreds of thousands of juvenile snapper ( Pagrus auratus Sparidae), sea 
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bream (Acanthopagrus australis Sparidae) and mulloway (Argyrosomus hololepidotus 
Sciaenidae) were obtained. The data show a great deal of variability in bycatches with 
large quantities only occurring in certain places at certain times. 

Another observer programme was '. done in the trawl fishery for saucer scallops 
(Amusium balloti Pectinidae) and western king prawns (Penaeus latisulcatus Penaeidae) 
off south western Australia (Laurenson et al., 1993). This study sampled commercial 
catches over a 12 month period and estimated that of 354 tonnes of fauna caught by 
trawlers during the year, 109 tonnes were target species, 21 tonnes of bycatch were 
retained for sale and 224 tonnes of bycatch were discarded. Of the common bycatch 
species, only the blue manna crab (Portunus pelagicus Portunidae) and southern school 
whiting (Sil/ago bassensis Sillaginidae) were of recreational importance and a stock 
assessment showed that the bycatch of whiting was not likely to affect its estimated 
sustainable yield. 

Whilst the quantification of bycatches is the first logical step in examining this issue, 
and direct onboard quantification of bycatches is the best way to get this information, it 
is surprising that the documented existence of this issue for over 100 years iri Australia 
has resulted in so few observer-based programmes. This is not just an Australian 
deficiency, as this form of bycatch fharacterization is rare throughout the world. 
Clearly, many more such programmes should be done on a fishery-by-fishery basis 
before we can appreciate the full nature and scope of bycatch from demersal trawling 
(Klima, 1993; Martinez et al ., 1993). 

FISHERY-INDEPENDENT SURVEYS 

The most common way that fishery scientists have quantified bycatch from demersal 
trawling in Australia has been through .research vessels or chartered commercial vessels 
doing fishery-independent surveys. While the data generated from such work do not 
necessarily represent normal fleet operations, they do supply useful information on the 
identities and quantities of bycatches from the same fishing grounds. The main utility of 
these surveys, however, comes from using the relatively non-selective nature of 
demersal trawl gear as a sampling tool to study the distributions and abundances of 
species in these assemblages. 

Several studies have been done in Queensland prawn fisheries which describe 
patterns in fish assemblages that are in pycatches. Stephenson et al. (1982a,b) described 
the bycatch fauna in Moreton Bay arid· their associations with time of day, tide and 
location. Large variabilities were evident and the authors concluded that most inter
actions appeared to be random variations rather than due to any particular co-variable. 
Cannon et al. (1987), Jones and Derbyshire (1988), Watson and Goedon (1989), 
Dredge (1989a,b) and Watson et al. (1990) used trawl surveys to quantify patterns in 
faunal assemblages off the coast of Queensland and the Great Barrier Reef. Discrete 
'nearshore', 'mid-shelf and 'inter-reef: assemblages were identified in several of these 
papers. Laurenson et al. (1993) did some trawl surveys off the coast of south-western 
Australia and identified some 150 species of fish, sharks, rays and invertebrates. Of 
these, 39 species were recorded from commercial landings and only five were taken in 
any quantity. Gray et al. (1990) and Gray and McDonall (1993) examined fluctuations 
in bycatches from a prawn-trawl survey in the Hawkesbury Riv:er, New South Wales 
over different years and across various· salinity regimes. They showed differences in 
assemblages which correlated with po_sition in the river and the salinity of different 
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areas. Another study completed in New South Wales made use of prawn-trawl gear as a 
means for estimating the relative abundances of demersal fauna in offshore grounds 
(Kennelly et al., 1993b) and provided information on the optimal design for stratified, 
randomized surveys of these assemblages. 
: By quantifying the marked spatial and temporal variabilities in the abundances of 
various bycatch species, these various papers highlight the value of demersal trawl gear 
in sampling these benthic assemblages. It is ironic that such value is a result of the 
same, non-selective nature of the gear that causes conflict with other users. 

Assessing impacts on interacting fisheries 

As mentioned above, the first prerequisite for understanding the fishery-interaction 
issue of bycatch involves its description and quantification (Klima, 1993), but these do 
not determine the actual impacts that these bycatches have on other fisheries. Estima
ting cause-and-effect relationships between bycatches in trawl fisheries and stock sizes 
in other fisheries is very difficult and few estimates of such impacts have been made. 
The most common method used in Australia to assess impacts involves using standard
ized gears and sampling methodologies in fishery-independent surveys. Data from this 
work are used to detect changes in bycatches and assemblages in areas and times that 
may be open or closed to trawling and so provide some direct evidence of potential 
impacts. 

The most thorough attempt to assess impacts of trawling on interacting fisheries in 
Australia is the assessment of the impacts between the Northwest Shelf demersal fish 
trawl fishery, epibenthic habitats and a nearby fish trap fishery (Sainsbury, 1987, 1988, 
1991). Not only was the study described in these papers one of the few to examine a 
causal relationship between trawl bycatch and an interacting fishery, it was also one of 
the few studies of trawl bycatch in Australia that examined a fish trawl fishery - most 
other studies have focused on prawn trawling. The methods involved comparisons of 
historical records, trawl surveys before and after commercial trawling, in areas closed 
and open to trawling, and underwater video assessments of the impact of trawling on 
the epibenthic habitat. The results showed that species of tropical snappers (Lethrinus 
spp. Lutjanidae), which were more common in areas with large epibenthic organisms 
such as sponges etc., were also the target species of the fish trap fishery and in smaller 
�bundances in areas where domestic and foreign fish trawlers operated. In these latter 
areas, the benthic habitat was modified such that there were far fewer epibenthic 
organisms and the fishes which dominated were threadfin bream (Nemipterus spp. 
Nemipteridae) and lizard fish (Saurida spp. Synodontidae). It appeared that trawling 
modified the habitat and fish assemblages of these areas and thus affected the success 
of the fish trap fishery. This hypothesis was supported in a subsequent adaptive 
management experiment which compared assemblages in trawled areas with those in 
areas that were closed to trawling. Sainsbury (1991) summarizes the reasons why this 
empirical study was possible in this particular fishery: the species involved had quite 
short life spans and hence short reaction times to changes in management; close 
management control was possible, facilitating the implementation of closures; the fish 
trawl fishery was of low value whilst the trap fishery was of high value; the fleet had 
alternative fishing options during closutes; and there were large areas available for 
closures. 
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Another study which used survey data to assess possible impacts of trawl bycatch was 
done in the Gulf of Carpentaria prawn-trawl fishery and compared stratified random
ized surveys done before the start of commercial prawn 'trawling with data collected in 
similar ways 20 years later (Rainer and Munro, 1982; Rainer, 1984; Poiner and Harris, 
1986; Harris and Poiner, 1991). The results showed increases in abundances of 12 taxa 
of fish, decreases in 18 taxa and in the overall diversity of assemblages. 

Other, smaller-scale studies also have used survey data to assess impacts of trawl 
bycatch but have suffered from being correlative in their approach, lacking proper 
controls or being pseudoreplicated (sensu Hurlbert, 1984). Maclean (1972) described a 
study of the catch and bycatch of the Moreton Bay prawn fishery and found that large 
bycatches of winter whiting (Sillago maculata Sillaginidae) did not appear to have any 
lasting effects on stock size. Blaber et al. (1990) found from stratified randomized 
surveys in the Gulf of Carpentaria that large bycatches of certain fish species in 
Albatross Bay could be attributed to a relatively light exploitation of fish populations in 
the area, despite the presence of a prawn fishery. Estimates of the total annual bycatch 
of these fish were thought to be less than 10% of the estimated standing stock of 93 000 
tonnes. Hyland (1985) found from fishery-independent surveys that a large number of 
species may be affected by prawn beam-trawling in Moreton Bay. In particular, river 
perch (Johnieops volgleri Sciaenidae) was present in the bycatch in large numbers, did 
not appear to survive discarding well and its abundances had shown a steady decrease 
over time. In contrast, sea bream (Acanthopagrus australis Sparidae) appeared to 
survive trawling quite well and its abundances did not show long-term declines. In the 
Hawkesbury River in New South Wales, Gray et al. (1990) found no significant 
differences in quantities and compositions of bycatches from areas that were closed and 
those that were open to commercial trawling. Laurenson et al. (1993) compared one 
trawled area with one untrawled area in a Leslie or DeLury-type depletion experiment 
(Ricker, 1958) off south-western Australia using continued trawling over fixed places. 
They found smaller numbers of key species and all species combined in the untrawled 
area than in the commercial trawl ground. 

The conclusion from these various studies is that estimates of impacts vary in their 
nature and magnitude. Sainsbury's (1991) work on the Northwest Shelf suggests 
substantial impacts of fish trawling on the interacting fish trap fishery but other, less 
empirical studies are not as definitive in their conclusions. In several cases, no impacts 
were evident but this may have been a result of a lack of proper controls or statistical 
power rather than a lack of significant impact. Rigorously designed and executed 
experiments comparing replicated, trawled and untrawled areas before and after fishing 
offer the best chance of revealing cause-and-effect relationships where they exist. 

Another way to estimate potential impacts involves incorporating estimates of 
bycatch-induced mortalities from observer and survey programmes with life-history 
information of key species (Kennelly et al., 1993a; Klima, 1993). Even if all the 
juvenile finfish discarded by prawn trawlers die (see below), this may not have any 
detectable effect on subsequent stocks of fisheries for these species if most of these 
juveniles would have died of natural causes anyway as they grew to legal size. Estimates 
of the natural mortalities of bycatch species, their biomasses, their ages at legal size and 
estimates of trawl-induced mortality must all be incorporated to e�timate any impacts of 
trawl bycatch on subsequent stocks for these species. Unfortunately, we have very few 
estimates of the relevant life-history parameters of key fishes in Australia. In one 
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attempt, Kennelly et al. (1993a) estimated that the bycatch of juvenile snapper (Pagrus
auratus Sparidae) of 350 000 fish in one season in the Botany Bay prawn fishery may 
represent about 60000 legal-size fish 3 years later. Without.an estimate of the relative 
proportion of the available biomass that these bycatches represent, however, no 
conclusions are possible. For example, estimates of bycatches of particular species that 
are of the order of 350 000 fish may be negligible if the biomasses of these fish in these 
places are in the billions. The use of life-history information with estimates of bycatches 
requires several assumptions but can be useful in deriving first estimates of potential 
impacts when only simple observer data are available. 

Effects on benthic habitats and assemblages 

A more subtle impact of demersal trawling involves indirect effects that it may have on 
assemblages of species by influencing the structure of benthic habitats (Hutchings, 
1990). Sainsbury's (1991) work (discussed above) is one of the few examples of an 
assessment of this sort of impact and showed that by modifying the benthic habitat in 
areas through the removal of large epibenthic organisms, trawling affected the abun
dances and kinds of fish species that occupied those habitats.! 

Gibbs et al. (1980) compared epibenthic assemblages (sampled using grabs) in areas 
before and after trawling in Botany Bay. The authors concluded that otter trawling 
caused no detectable alterations to the macrobenthic fauna but the large variabilities 
inherent in their data may account for these non-significant results. Laurenson et al.
(1993) compared trawled and untrawled areas off south-western Australia using under
water video equipment and concluded that physical impacts of trawling on the sub
stratum were short-lived. As concluded by Hutchings (1990), there is very little 
information on the interaction between trawling and benthic communities in Australia, 
making it a high priority area for future research. 

The fate of discards and consequences for food webs 

Indirect effects of bycatch from demersal trawling include any cascading effects 
throughout the food web that may occur as a consequence 9f catching, discarding and 
killing large quantities of a wide range of species. It is appanjnt that impacts on bycatch 
organisms should have follow-on impacts on those species with which they interact 
through predation, competition, etc. Consequences of such interactions are difficult to 
comprehend, let alone quantify, and there exist very few examinations of such effects 
anywhere in the world. The work done in Australia (chiefly by Wassenberg and Hill), 
however, constitutes one of the first attempts to unravel some of these complexities. 

Studies that quantify trawl bycatch often assume that all discards die as a result of the 
trauma associated with capture, removal from the water and handling, but there exist 
very few studies that have quantified such mortalities. Through a varied series of 
experiments in Moreton Bay and Torres Strait, Wassenberg and Hill (1989, 1990, 
1993), Hill and Wassenberg (1990) and Harris and Poiner (1990) quantified rates of 
mortality of various types of discarded bycatch and the proportions that were eaten by 
surface, midwater and benthic scaveng·ers. The experiments included comparisons of 
various exposure times on deck, holding discards in seawat_er tanks for long periods, 
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tethering baits on the surface, in mid-water and on the bottom, analyses of gut contents 
and in situ videos. The results showed that the survival of discards was quite low, 
although such factors as sorting time, day versus night, air temperature and tow 
duration were all thought to affect survival. (::rustaceans ( crabs, bugs etc.) had a higher 
survival rate than fish, with over 70% surviving up to 7 days after trawling. The only 
fish to have a survival that was greater than 30% was the small-toothed flounder 
(Pseudorhombus jenynsii Pleuronectidae). Most of the mortality of discards occurred 
within the first 3 days after trawling, implying that long-term experiments ( over several 
days - not hours) are required to assess this mortality adequately. After discarding, 
nearly half the bycatch of fish floated, whilst most crustaceans sank. Floating discards 
were eaten by birds, sharks and dolphins, but birds tended to avoid large discards. The 
behaviour of birds and dolphins suggested that they had learnt to follow trawlers, an 
observation that was supported by their behaviour in areas closed to trawling. Those 
discards that sank did so quite rapidly, spending only 5-10 min in the water column 
when they were susceptible to midwater scavengers like sharks. Most of the discarded 
material that reached the bottom was dead fish, whilst most discards reaching the 
bottom alive were crustaceans. Once on the bottom, discarded material tended to be 
eaten by other fish, sparks and crabs but there was no evidence of material being eaten 
by prawns, the trawlers' target species. Of particular interest in this work was the 
suggestion that the success of the sand crab ( Portunus pelagicus Portunidae) fishery in 
Moreton Bay may owe something to the supply of large quantities of discarded trawl 
bycatch to these benthic scavengers (Wassenberg and Hill, 1987). Similarly, Blaber and 
Wassenberg (1989) note that the three major species of sea-birds in Moreton Bay 
primarily depend on food from trawler discards, with the pied cormorant possibly 
consuming 13.7% of the total fish bycatch. 

Two other papers suggested another indirect interaction of trawl bycatch that 
receives very little attention. Significant rates of predation by small fishes on prawns 
(Salini et al., 1990; Brewer et al., 1991) may be reduced by the bycatch and subsequent 
mortality of these fish by prawn trawlers. If such an interaction were sufficiently large, 
bycatch from prawn trawlers may actually enhance the size of the target stock. 

The conclusions from these studies are that trawling results in the movement of large 
amounts of food from the bottom of the sea to the surface and that this affects the 
feeding behaviour a!}d eventually the abundances of surface, midwater and benthic 
scavengers. Despite: a lack of human utilization of trawler discards in Australia 
(discussed below), it is obvious that other organisms in the sea do use this material. 
Throughout the world, research on the subtle impacts that trawl bycatch may have on 
the food web is very much in its infancy (Tillman, 1993) and more work along the lines 
described above needs to be done before we can fully appreciate the scope of such 
interactions. 

Utilization 

Some of the international literature on the bycatch of prawn fisheries has emphasized 
the waste of dumping large quantities of edible protein at sea, especially in or near the 
waters of developing countries where protein is in short supply (IDRC, 1982; Saila, 
1983; Gulland and Rothschild, 1984). Despite this large wastage, substantial utilization 
of bycatch does occ1:1r in many of the world's trawl fisheries ( e.g. Grantham, 1980; 
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Peterkin, 1982; references in Andrew and Pepperell, 1992). A combination of eco
nomic factors and limited storage facilities on vessels inhibit greater use of bycatch in 
many fisheries because the target prawn and fish species are more valuable than 
bycatches (e.g. Silas et al., 1984; Chong et al., 1987). Further, factors such as the 
varied species composition of bycatches and the toxicity of some species limits the 
development of fish meal industries where consistent oil content and protein composi
tion are required (see also IDRC, 1982). Despite such problems, increased use of 
bycatch is predicted to be an important area of research and development in the future, 
especially in waters near developing nations. 

In Australia, quite substantial profits already come from the bycatch of some 
fisheries. A recent study focused on potential products and markets from the bycatch of 
the Northern Prawn Fishery (Pender and Willing, 1989, 1990; Willing and Pender, 
1989; Ramm et al., 1990; Pender et al., 1992a,b). These papers described a 3 year 
programme which assessed the distributions, abundances, size compositions and poten
tial utilization of bycatch species. They identified that only certain valuable species 
were currently retained for domestic markets (bugs, squids, snappers, emperors, large 
mackerels, large cods and sharks), with the rest of the bycatch discarded at sea. Some 
43 species of fish, sharks, crustaceans and molluscs were identified as having commer
cial potential, however, with estimated landings of 15 300 tonnes during 1988. Clearly, 
more diverse markets for such products need to be developed. Haysom (1985) 
mentioned two quite unusual markets for trawl bycatch species in the Queensland 
prawn fishery where sea snakes ( Hydrophis elegans Hydrophidae) are landed for sale 
in the snakeskin fashion market and dried red-and-gold pipehorses (Solegnathus 
dunckeri Syngnathidae) are sold in Asia as an aphrodisiac. 

In the trawl fishery for oceanic eastern king prawns ( Penaeus plebejus Penaeidae) in 
New South Wales, large quantities of octopus ( Octopus spp. Octopodidae), squid 
(Loligo spp. Loliginidae), trawl whiting (Sillago spp. Sillaginidae) and balmain bugs 
(Ibacus spp. Scyllaridae) are landed and significant domestic markets have been 
developed (Kennelly et al., 1993a). Whilst such bycatch is usually considered 'accept
able' in terms of inter-fishery conflicts because alternative fisheries are negligible, these 
species are still subject to the same problems of over-fishing facing any exploited stock. 

Compared with the situation overseas, there is a lack of literature dealing with the 
utilization of trawl bycatch in Australia. Despite this, conclusions from the studies 
mentioned above are that the potential for economic use of Australia's trawl bycatch is 
large, diverse and, with the exception of only a few cases, unrealized. This is clearly 
one aspect of the trawl bycatch issue in Australia which should attract the future 
attention of researchers, managers and markets. 

Management alternatives 

So far I have concentrated on the work that has been done to quantify, describe, 
characterize and understand the issue of bycatch from demersal trawling in Australia. 
The above summaries suggest that we have at least some appreciation of the issues and 
problems, but there have been few studies that have examined ways to solve the 
problems. Fisheries managers have several choices available that can alleviate problems 
of bycatch from demersal trawling. One· of these involves using bycatch for consump
tion by developing new markets for these species (described above). Unfortunately this 
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will not solve fishery-interaction issues where the bycatch and mortality of juvenile 
fishes are seen as causing significant impacts on other fisheries. Publication of results 
showing bycatches numbering in the hundreds of thousands of juvenile fish per year per 
fleet leads to strong protests from other commercial and recreational fisheries and these 
occur despite a lack of information concerning post-trawl mortalities of these discards, 
their natural mortalities, their overall biomasses and therefore the actual impacts of 
these bycatches. The various tools which may be used to solve fishery-interaction issues 
can be broadly categorized as involving either closures to trawling or more selective 
trawl gears and fishing practices. 

CLOSURES TO TRAWLING 

The use of closures to trawling to alleviate bycatch problems is considered by trawl 
fishers to be a harsh management strategy because it involves reducing the harvest of 
the fishery's target species in those places and times of closures. However, it is clearly 
the most effective means for stopping any bycatch problems because ceasing trawling 
ensures no bycatch nor habitat degradation in those places and times that are closed. A 
problem is that trawling effort may increase in those areas and times outside particular 
closures, effectively negating some or all of the desired effects of the management 
strategy. Sainsbury's (1991) work in the Northwest Shelf Fishery examined the etfec
tiveness of large spatial closures and showed that impacts of trawl bycatch on epiben
thic habitats and associated assemblages of fish do not occur in areas where trawling is 
stopped. As summarized earlier, however, the conditions that permitted such large
scale closures were unique to this region and may not be applicable elsewhere, 
particularly in regions where prawn and fish trawl fisheries are extremely valuable and 
where alternative fisheries do not exist or are themselves under excessive pressure. 

The chief problem with closures as a generalist solution to problems of trawl bycatch 
lies in being able to identify where and when such closures should be implemented 
without closing off so much of the target fishery that it becomes uneconomic. As noted 
earlier, very few data sets exist which describe the bycatch of trawlers operating under 
normal conditions but these few document quite significant variabilities in the timing 
and location of large bycatches of juveniles of important species ( e.g. Dannevig, 1904; 
Pender et al., 1992b; Kennelly, 1993). Such variabilities preclude the establishment of 
fixed seasonal or localized spatial closures, implying that more flexible closures may be 
necessary. To advise managers on the most effective times and locations of �uch 
closures, however, onboard observers would need to collect data on a regular basis 
throughout the full spatial range of the fishery. Of course, such large and expensive 
programmes would be unnecessary if managers could rely on industry for such 
information, but this is unlikely because fishers may be reticent to restrict their own 
fishing in order to protect species that are of little or no importance to them. 

DEVELOPMENT OF MORE SELECTIVE TRAWL GEARS 

Another suite of management strategies that may alleviate the trawl bycatch issue 
involves the development and implementation of more selective gears and fishing 
practices which are designed to minimize the bycatch and mortality of unwanted 
organisms. Unfortunately, development of these methods in Australia is very much in 
its infancy as compared with the substantial amount of work don·e overseas ( e.g. Seidel, 
1975; Wardle, 1983, 1989; Watson, 1989; Kendall, 1990; Isaksen et al., 1992). 
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Sumpton et al. (1989) compared catches and bycatches from prawn trawls made of 
mono- and multifilament netting in the Queensland prawn fishery. The multifilament 
nets caught more small prawns and less sand crabs than the monofilament nets, but 
there were no other significant differences fo bycatches. In the Northern Fish Trawl 
Fishery, Mounsey and Ramm (1991) described the development of the Julie Anne 
semi-demersal fish trawl which was found to catch 43% of the bycatch and only 3% of 
the epibenthos caught in a conventional trawl. This modified trawl involved raising the 
footrope of the trawl off the bottom and raising the headrope of the trawl. 

Andrew et al. (1991) described an experiment which assessed the effects of long 
sweeps in herding fish into prawn trawls. It was found that these wires which stretch 
from otter boards to the nets herded red spot whiting (Sillago bassensis Sillaginidae) 
and sand flathead ( Platycephalus caeruleopunctatus Platycephalidae) but not king 
prawns (Penaeus plebejus Penaeidae), balmain bugs (Ibacus spp. Scyllaridae) or other 
species. 

Andrew et al. (1993) showed that the Morrison soft TED, as developed and used in 
some American fisheries, significantly reduced the amount of bycatch in the New South 
Wales king prawn fishery by excluding most organisms from cod ends that were larger 
than the mesh-size of the TED panel. 1'4is type of TED is also used by certain 
estuarine prawn trawl fisheries in New Sduth Wales to exclude unwanted jellyfish 
(Catostylus mosaicus Catostylidae) from bycatches (Kennelly et al., 1993a). Robins
Troeger (1994) also describes trials of the Morrison soft TED in Moreton Bay, 
Queensland, and concluded that the effects of such a modification on prawn retention 
and bycatch exclusion were highly variable but that the panel worked well for large rays 
and turtles. Recently, Mounsey et al. (in press) and Robins-Troeger et al. (in press) 
describe the design and field evaluation respectively of the so-called 'AusTED' in 
Queensland waters (Fig. 2(a)). This device is similar to the grid systems used overseas 
( e.g. Isaksen et al., 1992) but incorporates a flexible grid. The results showed that, like 
the Morrison soft TED, the bycatch of large rays and turtles was reduced with no 
significant loss of prawns. While most organisms are excluded that are larger than the 
mesh-size used in these TED panels, they have limited success in excluding organisms 
that are smaller or the same size as the target species. Because the most common target 
organisms in Australia's trawl fisheries are prawns, and the fishery interaction issue of 
bycatch concerns juvenile fish that are of a similar or smaller size, simple TED panels 
are an insufficient solution. 

In one of the few Australian attempts to modify trawl gear to reduce the bycatch of 
fish that are of similar size to the targeted prawns, Broadhurst and Kennelly (1994) 
compared conventional cod ends with two designs that incorporated square-mesh 
panels (Fig. 2(b)). These designs took advantage of the different behaviours of prawns 
and fish when caught in a prawn trawl by providing the swimming juvenile fish avenues 
of escape before reaching the base of the cod end. The results showed that square-mesh 
panels in cod ends retained most of the school prawns targeted (Metapenaeus macleayi
Penaeidae) and excluded significant numbers of juvenile mulloway (Argyrosomus
hololepidotus Sciaenidae). This gear modification showed great potential and further 
refinements should enhance prawn retention and exclude even larger numbers of small 
fish (see also Robertson, 1983; Isaksen and Valdermarsen, 1986; Suuronen, 1990; 
Walsh et al., 1992). 

At the International Conference on By-ca_tch in the Shrimp Industry held in Florida 
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Fig. 2. Schematic diagrams of (a) Mounsey et al.'s (in press) AusTED with flexible grid (1); net 
opening hoops (2); large-mesh panels (3); escape gap cover (4); accelerator funnel (5); grid 
support floats (6); escape gap (7) and (b) Bro�dhurst and Kennelly's (1994) cod ends designed to 
exclude juvenile fish from trawls. Control cod end (A); the all-square cod end (B) and the 
half-square cod end (C) (T, transversals; B, bars; N, normals). 
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in 1992, a plethora of different modifications to prawn trawls and fishing practices that 
reduced bycatches were presented (Berghahn, 1993; Brothers, 1993; Conolly, 1993; 
Wardle, 1993; Watson, 1993). These included Nordmore grids, TEDs, fish-eyes, short 
trawl nets, square-mesh panels, sorting machines, short tows, etc. While many of these 
designs were shown to be effective in their respective fisheries, one of the conclusions 
from this conference was that the type of modification appropriate for any given fishery 
depended on the prawns that are being targeted, the type of bycatch that is to be 
excluded, the nature of the trawling grounds and the fishing practices and vessels 
employed in the fishery. No one modification was found which would work universally, 
but the types of modifications that may be appropriate have been well documented. It 
has also been acknowledged that research along these lines should examine the effects 
of any trawl modifications on the survival of the excluded bycatch so that effects of 
damage incurred by escaping fish, for example as they pass through panels, are 
minimized. This latter problem has only recently begun to attract the attention of gear 
technologists overseas (e.g. Main and Sangster, 1988; Berghahn et al., 1992), and it is 
of obvious importance in any future work on trawl modifications. 

Research into more selective trawl gears in Australia has only begun in the past few 
years but the results have been encouraging. At the present time, several large projects 
are developing trawl modifications with the objective of retaining target species whilst 
excluding unwanted bycatch. Because of the inherent variabilities in bycatches between 
fisheries in Australia, this work is being done on a fishery-by-fishery basis, off the east 
coast of New South Wales (Fig. 1-A and C), Queensland (E and F) and in the Gulf of 
Carpentaria (H). 

The recent work done in this field in Australia has shown that it is important to have 
industry actively involved in any study seeking to reduce bycatches for two reasons: (i) 
industry is seen to be a driving force in addressing potential problems that other 
fisheries and the public may derive from the bycatch of large numbers of juvenile fish; 
and (ii) scientists and managers can fully utilize industry's unique practical knowledge 
of the relevant gear technology as it applies to their fisheries. 

Conclusions 

Table 1 summarizes the work reviewed in this paper. The chief problems associated 
with bycatch from demersal trawling in Australia concern conflicts with other fisheries 
that target species discarded from trawling, i.e. fishery-interaction problems (Klima, 
1993; Tillman, 1993). Research into this issue in Australia has concentrated on attempts 
to describe and quantify the very large quantities and diversities of bycatches. This 
work has shown marked spatial and temporal variabilities in bycatches, highlighting the 
need for such descriptive work to be done on a fishery-by-fishery basis. Wassenberg 
and Hill's work has shown us the complexity that impacts of trawling may have on 
assemblages and food chains but studies that have actually assessed impacts of trawling 
on other fisheries varied in their conclusions. Sainsbury's comprehensive study showed 
significant effects of trawling on another fishery through habitat degradation but the 
few other studies of fisheries interactions suffered from poor experimental designs. In 
terms of solving the issue of bycatch, there has been a recent surge in research into 
more selective trawl gears in Australia- and the work done thus far indicates the great 
potential for such modifications to reduce bycatch problems. 
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It is clearly necessary to describe and quantify bycatches in specific fisheries (in order 
to assess whether any problems exist) and the best way to do this is via onboard 
sampling of bycatches under normal commercial operations. Ninety years ago, Dannevig 
(1904) published the first observer-based survey of the bycatch of an Australian prawn 
fishery and it is surprising that, for most fisheries, we still need: to obtain such 
quantitative descriptions of bycatches. But such descriptive work, whilst the first step, 
is insufficient in solving the problems that arise when these bycatches are described. 
Once this preliminary descriptive work is done, it is then necessary to test the 
effectiveness of alternative management strategies which may alleviate any problems 
that have been detected. Sainsbury's work on the North West Shelf does this for a 
certain type of management strategy (spatial closures) but the small amount of work 
done on more selective trawl configurations is unfortunate and obviously needs 
attention. With the high priority and high profile currently being given to the issue of 
trawl bycatch in Australia and throughout the world, I am confident that the next 10 
years will see substantial advances in solving many of the perceived problems through 
modifications to trawl gears. 

Summary 

A common definition of the term 'bycatch' is that part of the gross catch which is 
captured incidentally to the species towards which there is directed effort. Under such a 
definition, there are few fisheries in Australia (nor the world) which do not have 
bycatch, making the scope, diversity and history of the issue enormous. In recent years, 
the majority of interest in bycatch has focused on demersal trawl fisheries because 
conventional otter trawls are comparatively non-selective fishing gears and so catch 
large quantities of a wide range of untargeted species. 

In general, the chief problems associated with bycatch from demersal trawling 
concern conflicts with other fisheries that target species which are discarded by trawlers 
(i.e. fishery-interaction problems). Research into this issue in Australia has 
concentrated on attempts to describe and quantify the highly variable but very large 
quantities and diversities of bycatches from prawn trawling. These descriptive aspects 
of the issue are prerequisite to identifying, understanding and eventually managing any 
problems. There has been some research on estimating actual impacts qf demersal trawl 
bycatch on interacting fisheries via fishery-independent surveys of trawled and un
trawled areas. Significant inroads also have been made in understanding the fate of 
discards as food for other organisms and effects that demersal trawling may have on 
habitats and consequences for macrobenthic assemblages. 

Unfortunately the situation in Australia has been slow to progress to the next stage 
of solving the perceived problems of demersal trawl bycatch. It is clearly necessary to 
describe and quantify bycatches in specific fisheries (in order to ass�ss whether any 
problems exist), but such work in itself is insufficient in solving the problems that arise 
when these bycatches are described. Once this preliminary descriptive work is done, it 
is necessary to test the effectiveness of alternative management strategies (such as 
closures and/or more selective trawl gears) which may alleviate any problems that have 
been detected. Several current research projects in Australia are showing the great 
potential that more selective trawl gears have for alleviating' the chief problems 
concerning demersal trawl bycatch. 
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Abstract. In response to claims that fish trawls off New South Wales, Australia, caught excessive 
quantities of under-size fish, the catches of finfish by a conventional fish trawl (constt:ucted of 90-mm 
mesh in the body) were compared with those by a fish trawl constructed of 100-mm mesh in the body. 
Catches by the 100-mm trawl showed a 27% reduction in all by-catch and a 28% reduction in the 
numbers of retained tiger flathead, compared with catches by the conventional trawl. The 100-mm trawl 
also showed a 48% and 47% reduction in the numbers and weights respectively of discarded tiger 
flathead and a 57% and 63% reduction in the numbers and weights respectively of discarded rubberlip 
morwong. For john dory, however, at a particular locality where large numbers occurred, the I 00-mm 
trawl caught significantly more fish than did the conventional trawl (a mean increase in weight of 66%). 
There is a need to determine species-specific mesh selectivities and to study the beh�viour of fish in 
trawls. The importance of the results for the future management and operational efficiency of trawl 
fisheries is discussed. 

Introduction 
In many multi-species trawl fisheries, significant 

numbers of non-target organisms are caught incidentally 
with the target species (collectively termed 'by-catch', sensu

Saila 1983). 1bis by-catch often includes a large and diverse 
assemblage of small fish, some of which are juveniles of the 
target species (Kennelly 1995). The incidental capture and 
mortality of large numbers of these juveniles has become a 
source of worldwide concern in recent years because it may 
reduce the potential biomass and yield of recruited stocks 
(Gulland 1973; Howell and Langan 1987). 

The increasing awareness of these problems throughout 
the trawl fisheries of the world has led to modifications of 
trawling gears and fishing practices that reduce by-catch 
while maintaining catches of target species ( e.g. square
mesh panels and excluder devices-see Robertson and 
Stewart 1988; Suuronen 1990; Casey et al. 1992; Fonteyne 
and M'Rabet 1992; Walsh et al. 1992). Although these 
modifications differ in design and performance, most 
regulate the selectivity of trawls by incorporating minimum 
mesh sizes that correspond to the desired size at first capture 
of the target species (Maclennan 1992; Reeves et al. 1992). 
Minimum mesh sizes are key management tools in many 
otter-trawl fisheries because they are the most effective 
technique for con70Jling the selectivity of trawling gears 
(Armstrong et al. 1990). 

Off New South Wales, Australia, the inshore otter-trawl 
finfish fishery extends from Crowdy Head (32°50'S, 
152°45'E) to Eden (37°5'S, 149°55'E). A minimum mesh 
size of 90 mm was originally introduced in this fishery 

during the early 1950s to regulate the size at first capture of 
targeted tiger flathead Neop/atycephalus richardsoni (33 cm 
total length), which at the time formed the bulk of the 
commercial catch (Fairbridg� 1952). At present in this 
fishery, many species are targeted throughout a wide range 
of depths and locations, and by-catches usually include a 
variety of juveniles of commercially important species. 
Because these species have different optimal sizes· at first 
capture, no single mesh size would be appropriate in 
maximizing the catches of all species. 1bis makes the setting 
of the minimum mesh size at 90 mm somewhat arbitrary 
because it is based only on the size at first capture of tiger 
flathead. · Although Rowling :(1979) did mesh selectivity 
experiments with tiger flathead, no formal trials have been 
done that examine the effectiveness of this and other mesh 
sizes in excluding under-size individuals. 

Recent claims from some fishers in this fishery are that 
this mesh size is too small and permits the unnecessary 
capture and discarding of large numbers of under-size fish. 
1bis has led to the current examination of the impact on the 
catches of under-size and targeted individuals due to 
increasing mesh size in the body of the net from 90 mm to 
100mm. 

Materials and Methods 

This study was done in September 1993 on established fish trawling 
grounds off the coast of New South Wales. Two standard single-rigged 
otter-board fish trawl-nets made of 90-mm and 100-mm mesh were 
compared (Fig. I). Both nets had the same design. rigging and taper and 
d;ffered only in the size of mesh from the ground chain through to the end 
of the codend. 1llese trawls were interchanged and used twice each day 
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Fig. 1. Diagrammatic representation of� two nets compared in this experiment. The alternative numbers of 
meshes refer to the 90-mm and 100-mm nets respectively. 

(between 0530 and 1530 hours) in replicate 90-min tows (approx. 3·5 kn). 
Three days of sampling were done at two neighbouring sites at each of two 
well-separated locations in the fishery: Newcastle ( 32° 55'S, 15l 046'E) in 
the north and Bermagui (36°25'S, 150° 5'E) in the south. 

After each tow, the codend was emptied onto the deck. Individuals of 
commercially important species that were larger than the minimum legal 
size (retained commercials) were separated. The remaining by-catch, 
including individuals of commercially important species that were smaller 
than the minimum legal size (discarded commercials), was then sorted. 
Data collected from each tow were: the weight of the total by-catch 
(discarded commercials and non-commercial species); the weights, 
numbers and sizes (to the nearest centimetre) of retained and discarded 
commercials; and the numbers of species in the assemblage. All individuals 
weie counted without subsampling or estimating. 

' · 

Several commercially important species were · caught in sufficient 
quantities to allow meaningful comparisons between the two trawls. These 
were tiger flathead Neoplatycephalus richardsoni, eastern blue-spot 
flathead Platycq,halus eturuleopunctalus, john dory Zeus Jaber, rubberlip 
morwoag Nemadactylus douglasi, and cuttlefish Sepia sp. 

Data for all variables were analysed by Cochran's test for homogeneity 
of variances, transfonned if necessary, and then analysed in the appropriate 
four-factor analysis of variance (Underwood 1981). Locations, �ites and 
mesh sizes were considered fixed, days were considered rando� and the 
two random hauls per net type per day were the replicates. Sites and days 
were nested in locations. Those variables that occurred in only one of the

locations or sites were analysed in the appropriate two- or three-factor 
analysis of variance. Significant differences detected in these analyses were 
investigated by Student-Newman-Keuls multiple comparisons of means. 
Where analyses of variance provided similar results for the weights and 
numbers of taxa. only data about weights were included in the figures to 
conserve space. Size frequencies of two of the most common commercial 
species (tiger flathead and john dory) were graphed and compared: 

Results 

The 100-mm net significantly reduced the weight of total 
by-catch (mean reduced by 27% ), the numbers of retained 
tiger flathead (by 28% ), the numbers and \\'.eights of 
discarded tiger flathead (by 48% and 47% respectively), and 
the numbers and weights of discarded rubberlip morwong 
(by 57% and 63% respectively) (Fig. 2 and Table 1). The 
l 00-mm net did not significantly reduce the weights of 
retained tiger flathead (Table 1 ), but there was a mean 
decrease of 19% (Fig. 2). The 100-rnm net did not reduce 
the numbers of retained commercial species or the numbers 
of trash species (Table 1). 

There were significant interactions between sites and net 
type for the numbers and weights of retained eastern blue
spot flathead, john dory and cuttlefish (Fig. 3 and Table 1). 
The numbers and weights of retained cuttlefish and the 
numbers of discarded commercial species showed 
significant interactions between different locations and net 
types (Fig. 4 and Table 1). SNK tests for these data did not 
detect differences among means for the weights of eastern 
blue-spot flathead and the numbers of discarded commercial 
species (Figs 3a and 4). SNK tests did show that, at the 
northern Site 2, consistently more retained john dory were 
caught in the 100-mrn net than in the 90-mm net (mean 
increase in weight of 66%-Fig. 3b) and, conversely, more 
retained cuttlefish were caught in the 90-mm net than in the 
100-mm net (Fig. 3c).
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Table I. Summaries of F-ratios from analyses of variance to determine effects on variables due to different mesh sizes, days, sites 
and locations 

The transformations used to stabilize variances (if required) are also listed. *P < 0-05; **P < 0-01; n.s., non-significant (P > 0-05) 

Treatment d.f. Total Retained Discarded Discarded Retained 
by-catch tiger flathead tiger flathead rubberlip morwong john dory 

(>33 cm) (<33 cm) (<28 cm) (>20 cm) 
(wt) (no.) (wt) (no.) (wt) (no.) (wt) (no.) (wt) 

sqrt(x+I) sqrt(x+l) sqrt(x+l) ln(x+I) ln(x+I) ln(x+ l)  ln(x+I) 

Locations (L) I 11-29** 3.33ns 4·87ns 1-57** 0-0lns o.97ns 1·32ns 7-99* 7-40*
Sites (S) 2 1.92ns 2-49ns 3.55ns 7-2805 4-77* 12-64** 5-27* 3·26ns 2.44ns 

Days (D) 8 2-74* l -67ns 1-3ons 0-99* I-61ns 5-09** 7-96** 12-54** 11-70*
Mesh size (M) 8·15* 6-63* 3-2QRS 15-66* 26-70** 21-36** 12-59** 2·27ns 3-63ns 

LXM I 0-0lns o.54ns 0-56ns 0-22ns 0-62ns l•78ns 1·26ns 3•26ns 3•82ns 

SXM 2 l•4lns 1.95ns 2-IQRS 0-08"' 0-42ns 0-36ns 0-63ns 5-25* 6-60*

DXM 8 Q.55ns Q.72ns o.73ns 0-61ns 0-48ns 1·29ns l •89ns 1·05ns 0-82ns 

Res 24 

Retained eastern Retained Discarded Retained Trash 
blue-spot flathead cuttlefish commercial commercial species 

(>33 cm) 
(no.) (wt) (no.) 

ln(x+l) ln(x+I) 

Locations (L) l 0.25ns o.33ns 6-65* 

Sites (S) 2 4-94* 4-63* ll-65**

Days (D) 8 5-86** 4-68** 4-11*

Mesh size (M) I 19-24** 10-64** 7-89*

LXM 2·l0ns Q.54ns 8-06*

S XM 2 9-16** 4-77* 8-09*

DXM 8 0-28IIS Q.34ns l•06IIS 

Res 24 

The size-frequency distributions for tiger flathead and 
john dory showed no differences in the ranges of sizes 
caught between the t\\'.o nets (Figs Sa and Sb). The 100-mm 
net caught fewer tiger flathead than did the 90-mm net for 
most size classes but caught similar numbers of larger fish. 
Of the tiger flathead, 49% from the 90-mm net were less 
than legal size, compared with 40% from the 100-mm net. 
At the site where john dory occurred in large numbers, the 
90-mm net caught fewer fish than the 100-mm net.

Discussion 

This work illustrates the effects that mesh size has on the 
retained catch and emphasizes its importance in determining 
the selectivity of a trawl (Boerema 1956; Treschev 1963; 
Pope etal. 1975; Armstrong et al. 1990; MacLennan 1992). 
The results showed that increasing the size of mesh in fish 
trawls from 90 mm to 100 mm significantly reduced the 
weight of by-catch and the numbers and weights of most 
targeted species (e.g. tiger flathead, rubberlip morwong, 
cuttlefish) but increased the catch of john dory at the site 

species species 

(wt) (no.) (no.) (no.) 

4•2lns o.nns 5-3QRS Q.93ns
9-24** 0-98ns 1·23ns Q.39ns 

1-82ns 3-67** 4-29** 4-58**

3-68ns 0-91ns o.11ns Q.93ns 

11·04* 6-68* 0-36ns 2·84ns 

9-29** 2-76ns o.07ns o.72ns

o.47ns Q46IIS o.g9ns 1-sons

where these fish occurred in large numbers (see below). 
A possible reason for the decreases in catches is that the 

larger mesh simply permitted more fish to escape, 
confirming the use of minimum mesh sizes to. regulate the 
sizes of individuals in the retained catch. However, although 
the 100-mm net reduced by-catches of under-size 
individuals by approximately SO%, it also reduced the catch 
of retained individuals by approximately 30%, making any 
increase in mesh size for this fishery to reduce by-catch 
quite costly in terms of landed product. For example, 
although the 100-mm net did not significantly reduce the 
weight of retained tiger flathead, the mean decrease of 19% 
(2-5 kg per 90-min tow) corresponds to a financial loss of 
approximately $6·50 per 90-rnin tow or $26 per day (based 
on the average market price for tiger flathead of $2-50 per 
kilogram). 

The only species that did not show a decrease in catches 
with increasing mesh size was john dory, a key commercial 
and recreational species in NSW. In the site where this 
species occurred in large numbers, consistently more were 
caught in the trawl made of 100-mm mesh (Fig. 3b). There 
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Fig. 2. Differences in mean catches :t: s.e. (per 90-min tow) for (a) the 
oumbecs of retained tiger fiathead and for the weights of (b) retained tiger 
flathead, ( c) total by-catch. ( d) discarded tiger flathead and ( e) discarded 
rubberlip moiwong (n =24 for each net pooled across days). •p < 0-05; .. P 
< 0-01; o.s., non-significant (P > 0-05). 

are at least two explanations for this anomaly. Firstly, 
because meshes in the 90-mm net have smaller openings 
and consequently more twine area than do those in the 100-
mrn net, water flow should be more restricted and so cause 
an increased back-pressure of water in front of the meshes 
(Pope et al. 1975; Watson 1989). Such a back-pressure may 
stimulate the lateral-line receptors of individuals in a 
crowded school and so evoke an early escape response, 
causing these fish to swim away from the trawl (Chapman 
1964). Secondly, the reduced water flow through a 90-mm 
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Fig. 3. Differences in mean catches :t: s.e. (per 90-min tow) between sites 
and nets of the weights of (a) retained eastern blue-spot flathead, (b) 

retained john dory and (c) retained cuttlefish (n = 6 for each net pooled 
across days). •p < 0-05; n.s., non-significant (P > 0-05). 

net may allow schools of john dory to maintain station 
inside the net during the tow and permit them to escape 
through the mouth of the net once the vessel is stopped and 
the net is hauled (Watson 1989). Obviously, these 
possibilities are only speculative and information on the 
behaviour of john dory is required to explain why more of 
this species (and no other) are caught in a net made of larger 
meshes. Nevertheless, the results from this study have 
obvious implications for fishers who wish to target john 
dory when they occur in large numbers because using larger 
meshes in the body of the net should decrease drag on the 
trawl and consequently fuel costs. 

The size frequencies of one of the most common species 
(tiger flathead) showed that the ranges of sizes retained in 
both nets were similar. That is, changing the mesh size by l 0 
mm, although affecting the numbers and weights of fish 
caught, had little effect on the size range of fish caught, 
suggesting that these fish have a wide range of selectivity. 
This suggests that a minimum mesh size alone may not be 
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Fig. 4. Differences in mean catches ± s.e. (per 90--min tow) between 
locations and nets of numbers of discarded commercial species (n = 12 for 
each net pooled across days). 

the most effective technique for excluding a maximum 
number of under-size individuals from the trawl. 

The significant reductions in by-catch and most 
discarded commercials caused by increasing mesh size 
suggest that there is some utility in examining the effects of 
different sizes of mesh in the body of the trawl. However, 
because Wardle (1983) has shown that the wings and body 
of a fish trawl are primarily used as a stimulus to herd fish 
and that most selectivity occurs in the codend (Beverton 
1963; Margetts 1963), it may be more appropriate for future 
selectivity experiments to concentrate on codends. 
Alternatively, recent successes in developing by-catch 
exclusion devices in trawls (e.g. Isaksen et al. 1992) suggest 
that these devices may be more appropriate in sorting under
size individuals of species that have wide ranges of 
selectivities (e.g. tiger flathead in the present study). 

This study has demonstrated that an increase in mesh size 
in the body of the net from 90 mm to 100 mm has the 
potential to reduce the by-catch of incidental species in the 
NSW inshore trawl fishery, with some reductions of retained 
species such as tiger flathead. Conversely, an increase in 
mesh size seems to enhance the catch of another species 
(john dory). Clearly, there is a need for comprehensive 
selectivity experiments and behavioural observations of 
these species in trawls to determine the most effective trawl 
designs for this fishery. 
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Abstract. A trouser trawl was used to assess two codends designed to reduce the by-catch.·of juvenile 
mulloway in the Hawkesbury River prawn-trawl fishery. Simultaneous comparisons were made between 
the catches and by-catches from each codend with those from a conventional codend. The new design 
incorporated a panel of netting ( 40-mm mesh or 85-mm mesh) sewn such that the meshes were square
shaped. The panel was placed into the top of the anterior section of the codend to allow water and 
swimming fish to escape through these larger openings while allowing prawns to tumble along the 
conventional diamond-shaped netting ( 40-mm mesh) on the bottom of the codend (and be retained in the 
posterior section). Comparisons with a conventional codend (in which all meshes were diamqnd-shaped) 
showed that the codend with the 40-mm square-mesh panel reduced the by-catch of smaU niulloway by 
a mean of 44% without significantly reducing the catch of prawns. The 85-mm square-mesh panel was 
excluded from analysis, owing to problems associated with its construction. 

Introduction 

The incidental capture of non-target species (collectively 
termed 'by-catch') from prawn trawling is of worldwide 
concern (for reviews see Saila 1983; Andrew and Pepperell 
1992; Alverson et al. 1994). Of particular interest is the by
catch and subsequent mortality of many juveniles of species 
that form the basis of other target fisheries (Howell and 
Langan 1987; Gordon 1988). 

In New South Wales (NSW), Australia, estuarine 
trawling for school prawns, Metapenaeus macleayi 
(Haswell), occurs in five localities and is valued at 
approximately $A7 million per year (1990-91). A recent 
survey of the by-catches of the various estuarine and oceanic 
prawn-trawl fisheries in NSW showed that there were 
relatively large by-catches of juveniles of commercially and 
recreationally important finfishes in some of these estuaries 
(Kennelly 1993). In particular, the Hawkesbury River 
prawn-trawl fishery showed by-catches of up to 
approximately 300000 juvenile mulloway, Argyrosomus 
hololepidotus (Lacepede), from late autumn to early spring 
each year (Kennelly 1993). Although few data are available 
on the population structures and dynamics of mulloway or 
on the extent of their post-trawl mortalities, the mere 
quantity of these by-catches led to concerns over potential 
impacts of prawn trawling on this species from commercial 
and recreational fishers, environmentalists, fisheries 
managers and scientists. The current management of this 

fishery is based mainly on spatial and temporal closures to 
trawling, but to alleviate increasing conflicts over the by
catch of this important commercial and recreational species, 
additional strategies have to be examined. 

Several fisheries throughout the world have alleviated 
problems of trawl by-catch by developing gean; that are 
more selective. In particular, square-mesh panels in codends 
have been used to reduce unwanted by-catch of fusiform 
fishes while retaining a large proportion of the intended 
catch. The effectiveness of square-mesh panels in codends 
has been quantified by (i) alternately towing control and 
modified codends on a particular fishing ground (Robertson 
and Stewart 1988; Casey et al. 1992; �nteyne and M'Rabet 
1992; Broadhurst and Kennelly 1994) or (ii) towing both 
types of codend at the same time, either by one vessel 
towing twin gear (Briggs 1992), by two adjacent vessels 
towing single gear (Thorsteinsson 1992) or by one vessel 
towing a net with two vertically separated codends (termed 
a 'trouser trawl') (Suuronen 1990; Walsh et al. 1992). The 
experimental approach used to compare different 
configurations is usually determined by the characteristics of 
the particular fishery under examination (e.g. legal gear 
configurations, area of trawlable ground, location, etc.) and 
logistics (the funding and facilities available). 

In a previous experiment, Broadhurst and Kennelly 
(1994) used alternate hauls to compare two designs of 
square-mesh panels in codends wi_th a conventional codend 

I 323-l 650/95/060953$05.00 
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in the Hawkesbury River prawn-trawl fishery. Although this 
work showed promising results in reducing the by-catch of 
juvenile mulloway, representatives of industry expressed 
concern over a concomitant reduction in prawn catches, and 
because of variability between one tow and the next, they 
questioned the use of alternate hauls to compare the 
different designs. To make the comparisons of modified 
codends similar to normal commercial operations and so 
facilitate the acceptance of new designs by industry, a prawn 
net was adapted to include a trouser trawl. This permitted 
the direct and simultaneous comparison of a conventional 
codend with codends that included different square'-mesh 
panels. 

The trouser-trawl method for testing codends haS been 
used successfully elsewhere (Nicolajsen 1988). Its relatively 
straightforward analysis and interpretation assumes that 
there are no differences in geometry between the two 
codends and that fish encountering the gear have an equal 
chance of entering the control or modified codends (see Fig. 
2). There is the concern, however, that when large panels of 
square mesh are tested in trouser trawls, potential 
differences in sampling area and water flow between the two 
codends may result in a bias of selectivities to one side of 
the net (Pope et al. 1975). It was assumed that this did not 
occur in the experiment described here because the trouser 
trawl was designed so that the· panel of square mesh was 
located sufficiently aft of the vertical split (3 m) and 
represented a negligible portion of the area of the codend. 
Further, both codends maintained similar geometries during 
the setting of the gear. Nevertheless, catches of narrow
banded sole (Synclidopus macleayanus), a species that 
cannot pass through the meshes of the codend, were 
compared between the two trouser-trawl 'legs' to provide an 
independent test of any such bias. 

Materials and Methods 

This study, done in June 1993 on established prawn-trawl grounds ir) 
the Hawlcesbwy River, used a commetclal prawn trawler (Fig. I). A ,single 
locally designed prawn net (made from polyethylene and based on the 
Florida Flyer design) with a hcadlinc length of 11 m (mesh si1.e 40 mm) 
was modified to accommodate two vcnically scpa.ratcd sections of net, 
each attached to a codelld. These sections were 3 m long and were attached 
to the body of the net at a point when= the net mcasl.lR:d 250 meshes in 
circumference. The sections of net were rigged so that each codcnd could 
be exchanged easily (Fig. 2). In order to represent standard commercial 
operations as closely as possible, this trawl was used in nonnal tows of 
between 6 and 40 min (average 25 min) at.approximately 2.5 Im in depths 
ranging from 2 to 8 m. 

1bc codcnds used in this experiment were 50 meshes long (2 m) and 
were constructed from 40-rnm diamond-mesh netting (Fig. 3). Each codend 
comprised two sections: the anterior section was 25 meshes long and 
constructed of 2-mm-diamctcr twisted twine, the posterior section was 25 
meshes long and constructed of 3-mm-diamcter braided twine. Three 
designs of codcnd were examined. 1bc control codend (conventionally 
used in this fishery) was hung so that all meshes were diamond-shaped 
(Fig. 3a). The second and third codends had a panel of netting (40-mm 
mesh and 85-mm mesh respectively) cut on the bar and sewn into the tops 
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Fig. 1. Hawkcsbury River and location of the area trawled. 

of the anterior sections of each codend (Figs 3b and 3c). We predicted that 
these panels would allow water and swimming fish to escape from the 
codends through the larger anterior openings and allow prawns to pass 
along the conventional diamond-shaP,cd mesh panels on the bottom of the 
codcnd (and be retained in the posterior section). 

Each codcnd with a square-mesh panel was compared directly with the 
control codcnd, one on each leg of the trouser trawl. The position and order 
of each codend was randomly dctennincd for each tow (to eliminate any 
biases between different sides of the net), and each codend with a square
mesh panel was used three times per day (i.e. total of 6 tows per day). Over 
seven consecutive days during the trawling season, 21 replicate 
comparisons of each of the two tn:atmcnt codcnds against the control were 
completed. To ensure that the experiment represented commercial fishing 
operations as closely as possible, the location and duration of each tow was 
selected according to the most likely location of prawns by a fisher 
experienced in commercial prawn trawling on the Hawkcsbury River. 

, 
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Fig. 2. Trouser-trawl configuration used to compare different codends. 
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Fig. 3. Diagrammatic representation of codends used in this experiment: 

(a) control codend, {b) codend with the 40-mm square-mesh panel, (c) 

codend with the 85-mm square-mesh panel. T, transversals; B, bars.

After each tow, the codends were emptied separately onto the sorting 
tray. All organisms were sorted into different species, the most abundant 

being school prawns, mulloway and catfish, Euristhmus Jepturus 

(Giinther). Data recorded from each codend were: the total weight of 
prawns, the total weight of by-catch, the weights, numbers and sizes (to the 

nearest 0.5 cm) of mulloway, the weighl� and numbers of catfish, the 
numbers and sizes (to the nearest 0.5 cm) of other commercially and/or 
recreationally important species, the numbers of non-commercial and/or 

non-recreational species, and the number of species in the assemblage. All 
prawns in a subsample of the total prawn catch from each tow were 

measured in the laboratory (carapace length to the nearest millimetre). 
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Data for all replicates that had sufficient numbers of each variable (i.e. 
>10 fish or >100 g in each comparison) were analysed in one-tailed, paired 

t-tests. Size-frequency distributions of prawns and mulloway were plotted 

and compared by two-sample Kolmogorov-Smirnov tests. 

One-tailed paired t-tests were done on the numbers of narrow-banded 
sole captured in the codend with the 40-mm square-mesh panel and the 

control. All individuals of this species were larger than the meshes in all 

codends and so provide a means to validate the symmetry of the two 

trouser-trawl 'legs'. 

Results 

The results from the codend with the 85-mm square

mesh panel were excluded from analysis because of 
problems associated with its rigging and performance (see 
Discussion). 

The codend with the 40-mm square-mesh panel 
significantly reduced the total numbers of mulloway (mean 
reduction of 5.25 fish per tow, or 34%) and the numbers of 

mulloway less than 10 cm (mean reduction of 4.71 fish per 
tow, or 44%) (Figs 4a and 4b, Table I). This codend had no 
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Fig. 4. Differences in the mean catches (per tow) ± s.e. of ( a) total numbers 

of mulloway, (b) numbers of mulloway less than 10 cm, (c) weights of 

prawns, (d) weights of by-catch, (e) numbers of species in the by-catch, and 
(J) weights of catfish. Significance: E'.J P < 0.01: D P < 0.05: • non
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significant effect on the weights of prawns (although the 
mean catch was 35.3 g, or 5%, lower), weights of by-catch, 
numbers of species in the by-catch, or the weights of catfish 
(Figs 4c-4f, TabJe 1 ). There were insufficient numbers of 
other commercially and/or recreationally important species 
caught to provide meaningful analyses. 

Table I. Summaries of one-tailed paired I-tests comparing different 
codends (control v. 40-mm square-mesh panel) 

n, number of replicates: ••significant (P < 0.01); *sign ificant (P < 0.05) 

Pa ired t-value p n 

Total no. of mulloway 3.187 0.004** 19 
Total wt of mulloway 1.570 0.068 19 
No. ofmulloway <10 cm 2.405 0.026* 14 
No. of mulloway > IO cm 0.961 0.178 14 
Wt of prawns 1.577 0.068 15 
Wt of by-catch 1.204 0.121 21 
No. of species --0.116 0.546 21 
No. of catfish 1.508 0.082 16 
Wt of catfish 0.339 0.37 16 
No. of narrow-banded sole 1.046 0.158 13 

20 a Control n = 1025 

M. K. Broadhurst and S. J. Kennelly 

One-tailed paired t-tests failed to detect significant 
differences in the numbers of narrow-banded sole captured 
in the codend with the 40-mm square-mesh panel and the 
control, indicating that there was no bias of selectivities to 
either side of the trouser trawl (Table 1). 

Two-sample Kolmogorov-Smirnov tests comparing 
size-frequency distributions for the school prawns and 
mulloway measured from each sample (Figs Sa and Sb) 

showed no differences in the size compositions between the 

control codend and the codend with the 40-mm square-mesh 
panel (P > 0.05). 

Discussion 

The data presented here show that a codend with a 
square-mesh panel can selectively reduce the catch of a non
target species while maintaining the catch of the targeted 
prawns in the Hawkesbury River prawn-trawl fishery. In a 
previous experiment, Broadhurst and Kennelly (1994) 

examined two designs of codends with square-mesh panels 
and attributed the characteristics of these designs in 
retaining prawns and excluding mulloway to differences in 
the behaviours of the two species. It was suggested that fish 
were herded together at the taper of the codend, which upset 
the balance of the school and initiated an escape response 
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Carapace length (mm) 
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20 25 30 

(b) 

20 25 

Fig. S. Length-frequency distribut ions of (a) school p rawns (Metapenaeus macleayi) and (b) mulloway (Argyrosomus 

ho/olepidotus) from the control codend and t he codend with the 40-mm square-mesh panel. 
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towards the sides and top of the net. If the meshes were open 
in this area, then the school passed through (see also Briggs 
1992). This behaviour may have been enhanced by 
differences in hydrodynamic pressure at the front of the 
posterior section of the codend (caused by greater twine area 
and closed meshes in the posterior section). In contrast, 
benthic invertebrates such as prawns seemed to display a 
limited response to such stimuli (perhaps owing to 
physiological differences) and were forced against the 
meshes, eventually tumbling down the net. Once in the rear 
of the codend, their retention depended on mesh size rather 
than on any active escape response (Lochhead 1961; Main 
and Sangster 1985; Newland and Chapman 1989). 

The two codends with square-mesh panels examined in 
the present paper were designed to take advantage of the 
theory discussed above by incorporating a square-mesh 
panel on the top of the anterior section of the codend only, 
so that small fish (mulloway) might still escape with fewer 
losses of prawns. The results suggested that this occurred in 
the codend with the 40-mm square-mesh panel: there was no 
significant reduction in the weights of prawns, but there was 
a 34% reduction in the total numbers of mulloway and a 
44% reduction in the numbers of mulloway less than 10 cm 
(Figs 4a-4c, Table 1). 

The results from the codend with the 85-mm square
mesh panel were excluded from analysis because of 
problems associated with its performance. These were 
attributed to the installation of the square-mesh panel and 
the associated changes in the geometry of the whole codend,  
since i t  is  difficult to attach 85-mm mesh to 40-mm mesh 
and still maintain an even symmetry of meshes. Further, this 
square-mesh panel may have become convoluted owing to 
the attachment of 25 bars of 85-mm mesh to 50 meshes of 
40-mm mesh. Robertson (1986) suggests that to calculate
the number of square meshes required to achieve maximum
openings, it is necessary to determine the fractional mesh
opening of the diamond mesh to obtain an estimate of the
fishing circumference. Application of this procedure to both
experimental codends shows that approximately 12 bars of
85-mm mesh and 25 bars of 40-mm mesh should have been
attached to 50 meshes of 40-mm mesh. This might have
resulted in a greater exclusion of mulloway from the codend
with the 40-mm square-mesh panel and in a positive result
from the codend with the 85-mm square-mesh panel.

Kolmogorov-Smirnov tests failed to detect any 
differences between the size compositions of prawns and 
mulloway captured in the codends analysed (Figs Sa and 
Sb), but there were proportionally fewer mulloway under 10 
cm retained in the codend with the 40-mm square-mesh 
panel (Fig. 4b; see above). The exclusion of these small 
mulloway is a particularly important result in terms of 
alternative management strategies because larger, faster
swimming fish have a greater chance of avoiding prawn 
trawls altogether. 
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The results suggested that there is potential for the 
development of a codend with square-mesh panels that 
excludes a large proportion of mulloway while retaining 
acceptable quantities of prawns. One possible modification 
to the codends described in the present paper would be to 
increase the amount of netting around the anterior section of 
the codend to about 150 meshes. This should increase the 
hydrodyn�mic pressure towards the square openings and 
further assist the escape of free-swimming fish (Broadhurst 
and Kennelly 1994). 

Although the effectiveness of codends with square-mesh 
panels is apparent (see also Broadhurst and Kennelly 1994), 
there remains a question of the extent of post-trawl 
mortalities associated with the escape of fish (Main and 
Sangster 1988; DeAlteris and Castro 1992). For example, 
fish may lose scales and damage fins and gills during 
movement through square meshes, contributing to overall 
stress and possibly resulting in some mortality (Briggs 
1992). Although results from other studies suggest that these 
effects may be minimal (Main and Sangster 1988; DeAlteris 
and Reifsteck, in press), future research into modified trawl 
gears should include ari assessment of this question. 

Results of the present study suggest that a trouser-trawl 
configuration can be used to assess a codend with a square
mesh panel in a fishery restricted to the use of single trawl 
gear. The advantage of this technique is that it removes any 
confounding effects due to spatial and temporal heterogeneity 
that could occur in experiments involving alternate hauls. 
This is particularly important in prawn-trawl fisheries that use 
single gear on trawl grounds where catches of prawns and by
catch can vary greatly from one tow to the next. 
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Chapter 32. The by-catch issue and the 

effects of trawling 1

International concern about the effects of 
oceanic drift nets on cetaceans, turtles, 
billfish and other pelagic species resulted in 
widespread banning of the practice. 
Increasing concerns are now held about the 
effects of otter-board demersal fish and 
prawn trawling. The 'by-catch', or that part 
of the catch which is captured incidentally to 
the target species, often comprises the bulk 
of the trawler's catch. In Australia virtually 
all of the so-called 'trash' is thrown 
overboard. For example, in 198$ the by-catch 
from the Northern Trawl Fishery was 
estimated to be 47,000 tonnes (mostly fish), 
97% of which was discarded at sea. 

The by-catch issue is not a recent problem in 
Australia. In 1880 a Royal.Commission identified 
problems of prawn netting in New South Wales, and 
in 1904 H.C. Dannevig, an early fisheries scientist, 
investigated the prawn by-catch problem in Sydney 
Harbour. However, the by-catch from most of our 
fisheries still remains undescribed, effects on fisheries 
and the environment are poorly known, and there 
have been few attempts to address the problem via 
closures or modified fishing gear. 

Although fishing gear such as fish traps, crab pots, 
longlines, droplines, rods and reels are designed to be 
selective in what they catch, there is almost always 
some incidental catch. Gear such as gillnets and otter 
trawls are less selective, and have the potential of 
taking a large quantity and wide diversity of other 
species. 

Studies of the effects of trawling 

The by-catch of the Northern Prawn Fishery in the 
Gulf of Carpentaria has been investigated by CSIRO 
and Northern Territory Fisheries over the past decade 
to assess its potential commercial usage and the 
effects of trawling on turtle populations. Around 
4,000 turtles were found to be netted each year, of 
which around 250 died by drowning. While this was 
not considered a major danger to these populations of 
turtll's hy thl' rl'Sl'ilffhl'rs, others consider it so 
(Chapter 18) 

The by-catch of oceanic and estuarine prawn trawl 
fisheries has been investigated by New South Wales 
Fisheries following claims of large-scale mortality of 
juvenile fish. Hundreds of thousands of j�venile 
snapper, bream and mulloway were found to be 
taken each year but impacts on stocks were difficult 
to assess because mortalities from trawling, natural 
mortalities, and biomasses of stocks, are not well 
known. Using the best information available, the by
catch of juvenile snappers in Botany Bay was 
estimated to be around 350,000 fish per year, 
representing a possible decline of about 69,000 legal-
size fish three years later. 

Figure 32.1: There are concems In many parts of Ausfralia 
about the effects of trawling on the sea floor: .. 

One of the best attempts to quantify effects of 
trawling was done by CSIRO in the fish trawl fishery 
on the North West Shelf. Comparisons were made of 
surveys done before and after commercial fishing 
began, and in areas closed arid open to fishing. Effects 
on benthos were also assessed using underwater 
video. It was found that trawl fishing reduced snapper 
populations (the target of a trap fishery), increased 
populations of less valuable species such as threadfin 
bream and lizard fish, and reduced abundances of 
benthic organisms. 

In the Gulf of Carpentaria, CSIRO compared surveys 
undertaken prior to the establishment of commercial 
trawling with those undertaken after 20 years of 
fishing. Significant decreases were found in 18 taxa, 
and in the overall diversity of assemblages. Anothl'r 
study in the Culf found that by-catch of fish in 
Albatross l3,1y w,1s il'ss than 10'¼, of tlw tot,11 stock 
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Effects on food webs 

Trawling may have subtle, indirect effects 011 species 
assemblages by the removal of large epibenthic 
organisms and by the alteration of food webs. The 
death of the by-catch organisms may affect 
populations of their predators and prey, compet�tors 
and other species. 

The survival rate of discarded by-catch is quite small. 
In experiments in Torres Strait and Moreton Bay, 
around 70% of crustaceans survived a week after 
capture, but fish survival was very low with only one 
species recording a survival rate over 30%. Around 
half the discarded fish floated, while most crustaceans 
sank. The floating discards were eaten by birds, 
sharks and dolphins, and sinking discards were �a ten 
by sharks. Dead discards reaching the bottom were 
eaten by other fish, sharks and crabs. In Moreton Bay 
the sand crab fishery may benefit from the discarded 
prawn by-catch, and three major species of seabirds 
feed primarily on these discards. 

Utilisation of by-catch 
A major objection by the non-trawl fisheries and the 
general public is the waste of discards. In many 
fisheries the by-catch is retained for separate sale or 
for fish meal. Use of by-catch is minimal in Australia 
because of limited storage space on trawlers, small 
market demand, low prices and problems with 
including toxic species in fish meals. Slipper lobsters, 
trawl whiting, squids and octopus are by-catch of the 
Eastern King Prawn Fishery that have a growing 
domestic market. Specimen shells, sea snakes (for 
fashion leather) and seahorses and pipefish (for 
Chinese medicines) are also in demand in 
Queensland. A study of the by-catch of the Northern 
Prawn Fishery found that only a few by-catch species 
such as slipper lobsters, snappers, emperors, large 
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While Australians are gaining some awareness of the 
issues and problems of trawl by-catch, there has been 
little research on ways of minimising effects. 

Trawl closures one alternative 
CSIRO research on the North West Shelf 
demonstrated the effectiveness of closures. Extensive 
areas of the Great Barrier Reef Marine Park are closed 
to trawling (all zones except General Use 'A'), 
including a large cross-shelf transect in the Far 
Nor.them Section. Closures are unpopular with fishers 
where valuable fisheries exist, and violations have 
been frequent. Fisheries managers are concerned that 
increasing fishing effort is redirected toward areas 
open to trawling, causing increased damage. 
Considerable research will be necessary to identify if, 
where and when closures can be implemented 
without affecting the economic viability of the fishery. 

Figure 32.3: By-catch from the Northern Prawn Fishery. 

There are some concerns about turtle mortalities. 

More selective ge·ar another alternative 
Research on the development and implement�ti_on_ of
more selective gear and fishing practices to m1�1m1�e 
the by-catch and mortality of unwanted orgamsms 1s 
in its infancy in Australia compared to other . countries. For example, 'Turtle Excluder Devices 
(TEDs) and other by-c;itch excluders are commonly 
used in the United St;ites. 
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collection sock ,lt the l'nd of the net) larger than the 
mesh size of the TED panel. Modifications involving 

. square-mesh panels have been developed in New 
· South Wales and these allow swimming juvenile fish
: to escape before reaching the cod end

A variety of modifications of fish and prawn trawls 
were described in the 1992 International 

: Conference on By-Catch in the Shrimp Industry 
and at the American Fisheries Society's meeting in 

-1993. Many are demonstrated to be effective but
, require modification to suit local fisheries and
: conditions. The close involvement of the Australian 
fishing industry in such gear development is 
considered essential. 
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Abstract.-Two experiments were
conducted in the New South Wales oce
anic prawn-trawl fishery, 1) by compar
ing catch from a conventional codend 
with that from two new codend designs 
with square-mesh panels and 2) by 
showing the effects on catches of a short 
delay in haulback of trawls with square
mesh panels. The two new codend de
signs incorporated panels of netting 
(85-mm mesh) sewn such that the 
meshes were square-shaped (measur
ing 7 x 11 bars) and inserted lengthwise 
and widthwise into the tops of the an
terior sections. Simultaneous compari
sons among these designs and a conven
tional codend showed that both designs 
performed similarly by significantly re
ducing the weights of bycatch that 
would be discarded (by 46% and 38%, 
respectively) without significantly re
ducing the catch of the prawn Penaeus 
plebejus. The second experiment showed 
that juvenile red spot whiting, Sillago 

flindersi, an important commercial fin
fish, escaped from the square-mesh 
panels in the trawl during a 10-15 sec
ond haulback delay. Trawls without any 
haulback delay showed no significant 
reduction in the bycatch of this species. 
The results are discussed in terms of 
the probable behavior of fish in the 
modified trawls and in terms of the 
implications that factors such as 
haulback delay may have on the sur
vival of fish escaping through square
mesh panels in codends. 
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Effects of square-mesh panels in 
codends and of haulback delay on 
bycatch reduction in the oceanic 
prawn-trawl fishery of New South 
Wales, Australia 

Matt K. Broadhurst 

Steven J. Kennelly 

Gerard O'Doherty 
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P.O. Box 2 l Cronulla, New South Wales 2230, Australia 

In many of the world's prawn-trawl 
fisheries, significant numbers of 
nontarget organisms (collectively 
termed "bycatch," sensu Saila, 
1983) are caught incidentally with 
targeted prawns. This bycatch often 
includes a large and diverse assem
blage of small fish, some of which 
are juveniles of commercially and 
recreationally important species 
(for reviews see Saila, 1983;Andrew 
and Pepperell, 1992;Alverson et al., 
1994; Kennelly, 1995). The inciden
tal capture and mortality of large 
numbers of these juveniles has been 
of worldwide concern in recent years 
because it may reduce the potential 
biomass and yield of stocks that 
form the basis of other fisheries 
(Gordon, 1988; Foldren, 1989). 

In New South Wales (NSW), Aus
tralia, oceanic prawn trawling in
volves approximately 300 vessels that 
usually operate during the night from 
11 ports. This fishery is valued at 
approximately A$17 million per an
num and primarily targets the east
ern king prawn, Penaeus plebejus, 
although a significant proportion of 
the total income is derived from the 
sale of legally retained bycatch 
(termed "byproduct"), which com
prises several commercially impor
tant species of fish, crustaceans, and 
cephalopods (see Kennelly et al., 
1992). However, a recent survey ex-

amining the spatial and temporal dis
tributions and abundances of the 
catch and bycatch from four ports in 
this fishery showed that juveniles of 
commercially important species com
prised a significant portion of the 
bycatch (Kennelly1 ). Athough many 
of these juveniles showed large tem
poral and spatial variabilitiy in their 
occurrence, some (e.g. red spot whit
ing, Sillago fiindersi, and eastern 
blue spot flathead, Platycephalus 

caeruleopunctatus), were consistently 
caught in large numbers throughout 
tq.e sampling period. Although there 
ate few data available on the popula
ticm structure and dynamics of the 
key bycatch species or on the extent 
of their post-trawl mortalities, the 
quantities involved have raised con
cerns regarding potential detrimen
tal imp;;tcts of prawn trawling on fu
ture stocks of these species (Kennelly, 
1993). We therefore began an inves
tigation that examined various modi
fieations to trawling gear and trawl
ing practices that minimize undesir
able bycatch while maintaining 
catches of prawns and commercial 
byproduct. 

1 Kennelly, S. J. 1993. Study of the by
catch of the NSW east coast trawl fishery. 
Final report to the Fisheries Research and 
Development Corporation, P.O. Box 222, 
Deakin, ACT, 2600, Australia. Project No. 
88/108. ISBN O 7310 2096 0, 520 p. 
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One suite of modifications to trawls that has been 
successful throughout the world in reducing 
bycatches while retaining the target catch involves 
the use of square-mesh panels in codends (Robertson 
and Stewart, 1988; Carr, 1989; Briggs, 1992; 
Broadhurst and Kennelly, 1994; Robertson2 ; Isaksen 
and Valdemarsen3 ; Suuronen4). Quantifying the ef
fectiveness of square-mesh panels in codends has 
been approached by a variety of experimental meth
ods. At the simplest level, catches and bycatches from 
control and modified codends haye been compared 
by using alternate tows (Robertson and Stewart, 
1988; Broadhurst and Kennelly, 1994), by towing both 
codends as twin gear (Briggs, 1992), by using trou
ser trawls (Walsh et al., 1992; Suuronen4), or by tow
ing either gear from two adjacent vessels (Thor
steinsson, 1992). Alternatively, covers of small-mesh 
netting over modified codends have provided esti
mates of the quantities of fish estaping (Robertson 
and Stewart, 1988). 

Although these kinds of experiments have deter
mined the effectiveness of square-mesh panels in 
codends, without direct observations by divers or 
cameras there is no information available on the 
patterns of behavior of escaping fish or on the period 
when escapement occurs during_ tows. The latter 
point raises an important issue with respect to the 
survival rates of escaped catch. Because fish are ex
hausted to varying degrees owing to the stress asso
ciated with capture (see Wardle, 1983; Main and 
Sangsteri), the ultimate efficiency of square-mesh 
panels in reducing bycatch mortality is determined 
by the rate at which nontarget individuals are ex
cluded. The survival of these individuals is probably 
inversely proportional to the time �pent in the trawl, 
because studies have shown that fish that remain in 
the codend are subjected to high levels of stress and 
fatigue (Main and Sangster>; Main and Sangster6).

2 Robertson, J. H. B. 1983. Square mesh cod-end selectivity
experiments on whiting (Merlangius merlangus (L.)) and had
dock (Melanogrammus aeglefinus (L.)). Int. Counc. Explor. Sea, 
council meeting 1983/B:25, 13 p. [Mimeo.) 

" Isaksen, B., and J. W. Valdemarsen. 1986. Selectivity experi
ments with square mesh codends in bottbm trawl. Int. Coun. 
Explor. Sea, council meeting 1986/B:28, 18 p. [Mimeo.J 

4 Suuronen, P. 1990. Preliminary trials with a square mesh 
codend in herring trawls. Int. Counc. Explor. Sea, council meet
ing 1990/B:28, 14 p. [Mimeo.] 

.-
, 

Main, J., and G. I. Sangster. 1988. Scale damage and sur
vival of young gadoid fish escaping from the cod-end of a dem
ersal trawl. In J. DeAlteris (ed.), Proceedings of selectivity and 
survivability workshop, p. 17-34. Univ. Rhode Island Sea 
Grant Advisory Service, Narragansett, RI. 

,; Main, J., and G. I .  Sangster. 1991. A study of haddock 
<Merlanogrammus aeglefinus (L.)) behavior in diamond and 
square-mesh codends. Scot. Fish. Work. Paper 19/91, 25 p. 

Observations from divers, from video cameras, and 
from towed submersibles, have provided conflicting 
information on the behavior of escaping fish (Wardle, 
1983, 1989; Watson, 1989; Briggs, 1992; Watson et 
al., 1993). For example, in the Irish Sea, Briggs (1992) 
observed that the escape of European whiting, 
Merlangius merlangus, occurred continually through
out the duration of the tow. In contrast, Watson et 
al's (1993) studies in the Gulf of Mexico showed that 
red snapper, Lutjanus campechanus, maintained 
their position within the codend throughout the tow 
and escaped only when haulback w�s initiated. 

In the NSW oceanic prawn-trawl fishery there is 
commonly a delay of up to 15 seconds (s) between 
slowing the vessel and engaging the winch to haul 
in the trawl (termed haulback delay). Because of this 
delay, possible effects, such as those observed by 
Watson et al. (1993), need to be investigated prior to 
interpreting the effectiveness of square-mesh pan
els in codends. Direct observations of such effects, 
however, always assume that the divers or cameras 
have no artificial effects on the behavior of the fish 
or on the normal commercial operation of the gear. 
While it may be reasonable to assume minimal ef
fects in conditions with adequate light, Wardle (1989) 
found that the use of cameras with artificial light at 
night or in turbid conditions (below 10--3 lux) disori
entated fish and disturbed their behavior. The pos
sibility of such effects makes this technique unsuit
able for assessing the effects of haulback delay on 
square-mesh panels in the NSW oceanic prawn-trawl 
fishery which operates at night. 

Our specific goals in this experiment were 1) to 
investigate the effectiveness of square-mesh panels 
in reducing the bycatch from the NSW oceanic prawn
trawl fishery and 2) via a manipulative experiment, 
to provide an accurate and inexpensive means to de
termine the effects of haulback delay on the perfor
mance of these designs. 

Materials and methods 

Two experiments were conducted on commercial 
prawn-trawl grounds east of Yamba, New South 
Wales (29°26'8, 153°22'E), between August and Oc
tober 1994 by using a commercial prawn trawler (13.8 
m). Three florida flyers (mesh size 42 mm), each with 
a headline length of 12.8 m, were rigged in a stan
dard triple gear configuration (see Andrew et al., 
1991, for details) and towed at 2.5 knots. Each of the 
identical outside nets were rigged with zippers (no. 
10 nylon open-ended auto lock plastic slides) to fa
cilitate changing of the codends (see Broadhurst et 
al., in press). Because the middle net was not rigged 
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exactly like the outside nets (see Andrew et al., 
1991), it was excluded from our analyses. 

The codends used in the experiments mea-
sured 75 meshes long (3 m) and were con-
structed from 40-mm mesh netting (Fig. 1). 
They comprised two panels. The anterior panel 
was 100 meshes in circumference and con-
structed of 25 meshes of 48-ply twine attached 
to 25 meshes of 35-ply twine. The posterior 
panel was 200 meshes in circumference and con-
structed of 3-mm diameter braided twine. 

Experiment I -evaluation of codends 

Three codend designs were compared. The con
trol codend was made entirely of diamond
shaped meshes (Fig. IA). The second codend 
(termed the 85-mm-long codend) had a panel of 
85-mm netting cut on the bar (7 bars x 11 bars)
inserted lengthwise into the top of the anterior
section (Fig. lB). The third codend (termed the
85-mm-wide codend) had the same panel in
serted sideways into the top of the anterior sec
tion (Fig. IC).

All three codends were compared against each 
other in independant, paired trials. That is, in 
separate tows, the 85-rnrn-long codend was compared 
against the control; the 85-mm-wide codend was com
pared against the control; and the 85-mm-long and 
85-mm-wide codends were compared against each
other. The particular pair to be compared in a given
tow were placed on each outside net of the triple
rigged gear. The position and order of each codend
was determined randomly (to eliminate any biases
between different nets) and the codends were used
in normal commercial tows of90-rnin duration (with
a haulback delay of 10-15 s) on established prawn
trawl grounds. Over six nights we completed a total
of 10 replicate tows of each paired comparison. Prior
to the trials and at the end of each night, we rigged
the outside nets with normal commercial codends and
performed tows to ensure that there were no differ
ences in the fishing characteristics of each net.

Experiment 2-effects of haulback delay 

In this experiment the 85-mm-long codend from ex
periment 1 was tested against the control for pos
sible effects due to haulback delay. The codends were 
interchanged between tows, and each night we com
pleted two replicate 90-min tows that included 1) a 
10-15 s haulback delay (measured as the duration
between slowing the vessel and engaging the winch)
and 2) no haulback delay. Over 4 nights we completed
a total of 8 replicate tows for each type of haulback.

Fishery Bulletin 94(3). 1996 
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Figure I 

Diagrammatic representation of (A) the control codend, (B) the 
85-mm-long codend and (C) the 85-mm-wide codend (T=trans
versals; B=bars; N=normals).

To ensure independence among tows, the location and 
direction of each tow was randomly selected from the 
available locations on established grounds northeast 
ofYamba. The grounds trawled varied in depth and 
ranged between 20 and 25 fm. 

Data collected from the experiments 

After each tow in each experiment, the codends were 
emptied onto a partitioned tray. Prawns and all com
mercially important species larger than the mini
mum legal size (retained commercials) were sepa
rated from the remaining bycatch. The remaining 
bycatch (termed discarded bycatch) was then sorted. 
This included individuals of commercially important 
species that were smaller than the minimum legal 
size (discarded commercials). Data collected from 
each tow were the total weight of prawns and their 
size (to the nearest 1-mm carapace length); the 
weight of the discarded bycatch; the weights, num
bers, and sizes (to the nearest 0.5 cm) of discarded 
commercial species and retained commercial species; 
and the numbers of noncommercial species in the 
assemblage. All individuals were counted without 
subsampling. Several commercially important spe
cies were caught in sufficient quantities to allow 
meaningful comparisons. These were eastern king 
prawn, Penaeus plebejus, cuttlefish, Sepia sp., Octo
pus, Octopus sp., red spot whiting, Sillago fl,indersi, 
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eastern blue spot flathead, Platycephalus caeruleo
punctatus, and smooth bug, Ibacus sp. 

The paired comparisons done in experiment 1 were 
analyzed with one-tailed, paired t-tests. Data from 
experiment 2 were analyzed with two-factor analy
sis of variance (Underwood, 1981) after testing for 
homogeneity of variances (Cochran's test). Further, 
treating the data from each haulback-delay period 
separately, we compared data from the pairing of the 
85-mm-long and control codends, using one-tailed,
paired t-tests. Data from the 85-mm-long codend and
its control (which used the haulback delay of 10-15
s in experiment 2) were combined with data from
these codends in experiment 1, to provide a larger
dataset for analysis of the results for the 85-mm-long
codend. Size frequencies of prawns and red spot whit
ing from both experiments and the combined data
were compared by using two-sample Kolmogorov
Smirnov tests (P=0.05).

Results 

Experiment 1-evaluation of codends 

Both the 85-mm-long and 85-mm-wide codends sig
nificantly reduced the weight of discarded bycatch 
(means reduced by 46% and 38%, respectively) (Fig. 
2A; Table 1). The 85-mm-wide codend significantly 
reduced the number and weight of discarded red spot 
whiting (by 71 % and 7 5% ), and the number of trash 
species (Fig. 2, D-F; Table 1). There were insuffi
cient data from the 85-mm-long codend to analyze 
data for red spot whiting ( <2 fish per replicate). N ei
ther of the codends with square-mesh panels signifi
cantly reduced the catch of prawns (Table 1), al
though the mean catches were 7 .5% lower in the 85 
mm long codend and 2.5% lower in the 85-mm-wide 
codend (Fig. 2G). Apart from a significant reduction 
in the number of trash species with the use of the 
85-mm-long codend (Fig. 2F; Table 1), there were no
other detectable differences between the two codends
with square-mesh panels. Tvvo-sample Kolmogorov
Smirnov tests comparing the size-frequency distri
butions for the king prawns and red spot whiting
measured from each sample showed no significant
differences in the relative size compositions between
any of the codends tested.

Experiment 2-effects of haulback delay 

There were no significant effects due to haulback 
delay on the differences in catch between the control 
and 85-mm-long codends for the weight of bycatch 
and prawns (Fig. 3,A-B; Table 2). However, haulback 

delay significantly increased the difference in catch 
between the control and 85-mm-long codends for the 
number and weight of red spot whiting and decreased 
the weight of retained cuttlefish (Fig. 3, C-E; Table 
2). There were no significant effects among any of 
the other variables (i.e. retained octopus, discarded 
eastern blue-spot flathead, smooth bug, and trash 
species) due to haulback delay. The number and 
weight of red spot whiting were significantly differ-
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Differences in mean catch (±SE) between ,each of 
the codends in experiment 1 (evaluation of codends): 
(A) the weight of discarded bycatch; (B) the num
bers of retained octopus (Octopus sp.); (C) the num
bers of discarded cuttlefish (Sepia sp.); (D) the num
ber of discarded red spot whiting (Sillago fiindersi);

(E) the weight of discarded red spot whiting (Sillago

{7.,indersi); (F) the number ofnoncommercial ·species;
and (G) the weight of prawns (Penaeus plebejus).
* = P<0.05; ** = P<0.01; unless stated otherwise,
n = 10.
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ent among nights in the experiment. No variables 
displayed significant interactions among haulback 
delay and nights (Table 2). 
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One tailed, paired t-tests comparing data from the 
control and 85-mm-long codends showed that the 85-
rnm-long codend significantly reduced the weight of 
bycatch and significantly increased the weight of 
prawns during both a 10-15 s delay and no delay in 
haulback (Fig. 3, A-B; Table 3). The 85-mm-long 
codend significantly reduced the number and weight 
of discarded red spot whiting compared with the con
trol during the 10 to 15 s haulback delay (means re
duced by 64% and 56%, respectively) (Fig. 3, D-C; 
Table 3). There was no significant reduction in these 
variables for this codend when there was no delay in 
haulback, although the mean numbers and weights 
of red spot whiting were reduced by 21 % and 25%, 
respectively (Fig. 3, D-C; Table 3). The weight ofre
tained cuttlefish was significantly decreased in the 
85-mm-long codend when there was no delay in
haulback (Fig. 3E; Table 3). No other variables
showed any differences between the control and 85-
mm-long codends either with or without a delay in
haulback. Two-sample Kolmogorov-Smirnov tests
comparing size-frequency distributions for king
prawn and red spot whiting (Fig. 4) measured from
each sample showed no significant differences in the
relative size compositions between the 85-mm-long
and control codends during either a 10-15 s delay or
no delay in haulback.

Aggregated data for the 85-mm-long codend 

Combining all the data for the 85-mm-long codend, 
we found that this modification significantly reduced 

Table 1 
Summary of one-tailed paired !-tests comparing number and weight of catch of three different codends. n = number of replicates; 
rsw = red spot whiting. 

Weight of prawns 

Weight of discarded bycatch 

Number of discarded cuttlefish 

Weight of discarded cuttlefish 

Number of retained cuttlefish 

Weight of retained cuttlefish 

Number of retained octopus 

Weight of retained octopus 

Number of discarded rsw 

Weight of discarded rsw 

Number of noncommercial sp. 

'P:<0.05; **1'=<0.0 I. 

Control vs. 85-mm-long 

Paired t-value p n 

1.458 0.089 10, 

6.355 0.0001 ** 10 

-2.17 0.971 10 

-0.656 0.736 10' 

0.810 0.219 10 

1.331 0.108 10 

-1.847 0.952 10 

-0.248 0.595 10 

(insufficient data) 

< <2 fish per replicate) 

1.246 0.122 10 
--· ·-------�--. 

Control vs. 85-mm-wide 85-mm-long vs. 85-mm-wide

Paired !-value p n Paired t-value p n 

· -0.357 0.635 10 0.000 10 

5.800 0.0002** 10 0.491 0.317 10 

0.638 0.269 9 -0.066 0.526 10 

-0.219 0.584 9 -0.264 0.601 10 

0.819 0.217 10 -1.213 0.871 10 

-0.599 0.718 10 -0.077 0.530 10 

-2.202 0.973 10 1.451 0.090 10 

-0.972 0.822 10 0.346 0.368 10 

2.242 0.033* 7 (insufficient data) 

2.223 0.034* 7 ( <2 fish per replicate) 

2.228 0.026* 10 2.283 0.024* 10 



Broadhurst et al.: Effects of square-mesh panels in codends and of haulback delay on bycatch reduction 417 

the weight of bycatch (mean reduction of 37%) and 
the number and weight of red spot whiting (by 68% 
and 58%, respectively) (Figs. 5, A-C; Table 4). This 
codend did not significantly reduce the weight of 
prawns (although the mean catch was 3% lower) nor 
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Figure 3 

Differences in mean catch (±SE) be
tween the control and 85-mm-long 
codends in experiment 2 (effects of 
haulback delay) for no delay and a 10-
15 s delay in haulback (<,>,and= in
dicate direction of differences): (A) the 
weight of discarded bycatch; (B) the 
weight of prawns (Penaeus plebejus); 

(C) the number of discarded red spot
whi_ting (Sillago flindersi); (D) the
weight of discarded red spot whiting
(Sillago flindersi ); and (E) the weight
of retained cuttlefish (Sepia sp.). * =
P<0.05; ** = P<0.01.

any of the other variables (Fig. 5E; Table 4). Two
sample Kolmogorov-Smirnov tests failed to detect 
any significant difference in the size compositions of 
prawns between the 85-mm-long and control codends 
(Fig. 6A). The sizefrequency distributions for red spot 
whiting, however, were significantly different be
tween these codends (Fig. 6B). 

Discussion 

The results of these experiments shgw that codends 
with square-mesh panels have the potential to re
duce bycatch of nontarget individuals (see also 
Robertson and Stewart, 1988; Briggs, 1992; Fonteyne 
and M'Rabet, 1992; Broadhurst and Kennelly, 1994). 
By experimentally examining the effects ofhaulback 
delay, we have also quantified, for the first time, the 
effects that such operational procedures can have on 
the escape of some individuals. 

In previous experiments, Broadhurst and Kennelly 
(1994, 1995) showed that square-mesh panels in the 
anterior sections of codends were effective in releas
ing small fish (i.e. mulloway, Argyrosomus holo
lepidotus) from prawn trawls in the Hawkesbury 
River. These results were attributed to the differences 
in behavior of fish and prawns in their response to 
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Figure 4 

Length-frequency distributions of red spot whiting (Sillago 

/Zi11dersi ! from the control and 85-mm-long codends for experi
ment 2: (A) during no delay in haul back and (B) a 10-15 s delay 
in haulback. 
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Table 2 

Summary of F-ratios from two-way analyses of variance to determine effects on variables (weight and number of catch) due to 
haulback delay on different nights. 

Discarded 
eastern Discarded Discarded 

Retained Retained blue spot red spot smooth Trash 
Discarded octopus cuttlefish flathead whiting bugs species 

Prawns bycatch 

Treatment df (wt.) (wt.) (no.) (wt.) (no.) (wt.) (no.) (wt.) (no.) (wt.) (no.) (wt.) (no.) 

Haulback delay (HD) 1 0.25 0.93 0.02 0.01 4.86 9.24* 0.13 0.06 8.25* 7.48* 0.26 2.77 0.02 

Nights (N) 3 1.83 1.07 0.12 0.03 0.60 0.91 0.28 0.74 6.13* 5.95* 3.24 0.66 0.57 

HDxN 3 2.51 2.26 0.21 1.13 1.78 0.60 0.44 0.96 0.156 0.58 1.07 0.48 1.30 

Residual 8 

*P<0.05.

Table 3 

Summary of one-tailed paired t-tests for the effect of haulback delay on weight and number of catch for control and 85-mm-long 
codends. n = 8 for all comparisons; rsw = red spot whiting; ebs = eastern blue spot flathead. 

No haulback delay 10-15 second haulback delay

Paired t-value 

Weight of prawns 0.903 

Weight of discarded bycatch 7.976 

Number of retained octopus --0.242 

Weight of retained octopus 1.560 

Number of retained cuttlefish .1.964 

Weight of retained cuttlefish 2.694 

Number of discarded ebs --0.403 

Weight of discarded ebs --0.956 

Number of discarded rsw 1.072 

Weight of discarded rsw 0.778 

Number of discarded smooth bugs --0.037 

Weight of discarded smooth bugs --0.333 

Number of noncommercial sp. 0.477 

*P<0.05; **P<0.01. 

stimuli from the trawl and to the hanging configura
tions of the codends. Fish were apparently herded 
together at the taper of the codend, invoking an es
cape response to the sides and top of the net. The 
attachment of an anterior panel of 100-mesh circum
ference to a posterior panel constructed of heavy 
twine and 200-mesh circumference, presumably cre
ated a back pressure of water that was directed out 
through the open anterior square meshes, facilitat
ing the escape of fish. This sequence of events was 
assumed to occur continually throughout the dura
tion of the trawl. The response of prawns to this 

p Paired t-value p 

0.198 --0.595 0.715 

0.0001** 4.610 0.001** 

0.592 --0.043 0.516 

0.081 0.979 0.180 

0.045* -1.085 0.844 

0.015* -1.843 0.946 

0.951 --0.989 0.823 

0.815 --0.712 0.751 

0.159 3.464 0.0005** 

0.231 3.984 0.002** 

0.639 --0.716 0.752 

0.626 --0.477 0.676 

0.334 0.174 0.433 

stimuli appeared fairly limited; other studies have 

shown that prawns are not capable of maintaining 
active escape responses to the trawl and are quickly 
forced against the meshes and towards the back of 
the codend (Lochhead, 1961; Main and Sangster, 
1985; Newland and Chapman, 1989). 

The two square-mesh codends used in experiment 
1 were designed to take advantage of the theory dis
cussed above by incorporating a panel of square mesh 
on top of the anterior section only, so that small fish 

might escape without a reduction in the catch of 
prawns or of larger commercially important bycatch 
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Figure 5 

Differences in mean catch (± SE) 

between the control and 85-mm

long codend, combined across both 
experiments: (A) the weight of dis
carded bycatch; (B) the number of 

discarded red spot whiting, Sillago 
flindersi; (C) the weight of dis

carded red spot whiting, Sillago 
flindersi; and (D) the weight of 

prawns Penaeu.s plebejus. * = P<0.05;
** = P <0.01; unless stated otherwise
n = 18. 

...;pecies. Both the 85-mm-wide and 85-mm-long 
c:odends performed similarly, significantly reducing 
the weight of discarded by catch (by 48% and 38% 
respectively) with no significant reduction in the 
weight of prawns or retained species (Fig. 2; Table 
lJ. The 85-mm-wide codend also significantly reduced 
the number and weight of red spot whiting by 71 % 
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Figure 6 

Length-frequency distributions of(A) king prawn, Penaeu.s plebeju.s, 
and (B) red spot whiting, Sillago flindersi, from the control and 

85-mm-long codends combined across experiments.

and 75%, respectively (Fig. 2; Table 1), whereas, 
based on the aggregated data, the 85-mm-long codend 
reduced these by 68%�nd 58%, respectively (Fig. 5; 
Table 4). 

Experiment 2 compared the differences between 
the control and 85-mm-long codends with and with
out a short (10-15 s) delay during haulback. The re
sults suggest that the individuals comprising dis
carded bycatch escaped continually throughout the 
duration of the tow (F,ig:3A; Table 2). Their behav
ior and escape from tlie square-mesh panel may be 
explained, therefore, according to the theory dis
cussed above. For red,spot whiting, however, there 
was no significant reduction in number or weight 
when there was no delay in haulback (although the 
means were reduced by 21 % and 28%, respectively), 
but there was a significant reduction of 64% and 
56.6%, respectively, for the tows that included a 10-
15 s delay (see Figs. 3 and 6; Table 3). Red spot whit
ing, therefore, did not appear to exhibit the same 
behavior as the other species because the majority 
of these fish appeared to escape during the 10-15 s 
delay in haulback. 
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Table 4 

Summary of one-tailed, paired t-tests comparing control and 85-mm-long codends trialed with a 10-15 s haulback delay, com

bined over both experiments. n = number of replicates; rsw = red spot whiting. 

Paired t-value 

Weight of prawns 1.000 

Weight of discarded bycatch 5.720 

Number of retained cuttlefish 0.355 

Weight of retained cuttlefish 0.566 

Number of retained octopus --0.948 

Weight ofretained octopus --0.169 

Number of discarded rsw 1.935 

Weight of discarded rsw 2.185 

Number ofnoncommercial sp. 1.587 

*P<0.05; **P<0.01.

A possible reason why few red spot whiting escaped 
continuously during trawling is that there were in
sufficient stimuli generated in the codend to invoke 
an escape response. This hypothesis is supported by 
previous studies that have shown t_hat physiological 
and behavioral differences between species are ma
jor factors in the effectiveness of escape panels 
(Robertson and Stewart, 1988; Briggs, 1992; 
Fonteyne and M'Rabet, 1992). The subsequent es
cape of red spot whiting from the 85-mm-long codend 
during the 10-15 s haulback delay may have been a 
result of additional stimuli generated by changes in 
the geometry of the codend. For example, Watson 
(1989) observed that during haulba:ck, differences in 
the contours of the codend and assoi=iated water flow 
caused fish to aggregate and become disorientated. 
The fish then increased their swimming speeds and 
randomly charged the meshes around the codend. 
By opening the meshes in this area (i.e. by our inclu
sion of the 85-mm-long square-mesh panel), we may 
have stimulated some fish to escape the trawl. 

The delayed escape of red spot whiting from the 
85-mm-long codend raises important questions con
cerning the extent of their mortality during trawl
ing and after escape. Because previous studies have
shown that fish that remain in the codend experi
ence greater stress and fatigue than those that es
cape continuously, those individuals escaping at the
end of the tow may suffer greater mortality. Further,
such post-trawl mortality, particularly among
smaller fish, may increase in proportion to tow du
ration. Obviously such effects on red spot whiting
should be investigated prior to commercial use of the
85-mm-long codend per se, because, unless most of

Control vs. 85-mm-long 

p n 

0.165 18 

0.0001** 18 

0.363 18 

0.289 18 

0.822 18 

0.566 18 

0.036* 15 

0.023* 15 

0.065 18 

the escaping fish survive, such designs are of little 
value. 

It may be possible to reduce the problems of trawl 
mortality for red spot whiting by altering the design 
of the 85-mm-long codend so that more fish escape 
continuously during trawling. One possible modifi
cation to the design would be to make the square
mesh panel longer (see Briggs, 1992), allowing more 
red spot whiting to escape at random along the 
codend. This may also provide juveniles of other com
mercially important species (i.e. cuttlefish, octopus; 
and eastern blue spot flathead) the opportunity to 
escape, although there was little evidence in our ex
periments to suggest that these species displayed 
active escape response toward the square-mesh panel 
(see Figs. 2 and 3; Tables 1-3). Their lack of exclu
sion is more likely attributable to intraspecific vari
ability in behavioral responses rather than to the 
design of the square-mesh panel (see also Robertson 
and Stewart, 1988; Briggs, 1992). 
, Another modification·to allow more red spot whit
ing to escape the trawl continuously may be to in
crease the size of mesh used in the panels. However, 
the size-frequency composition of red spot whiting 
captured in the 85-mm-long codend and control 
showed that the size of mesh used in the panel al
lowed fish within the range of sizes sampled to es
cape, including some individuals of commercial size 
(>16 cm) (Fig. 4). Further, this size of mesh resulted 
in no significant reduction in the weight of prawns, 
nor were there any significant differences detected 
in the size composition of prawns between the con
trol and the 85-mm-long or 85-mm-wide codends. 
Subsequent increases in the size of mesh may, there-
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fore, result in further loss of commercial red spot 
whiting and possibly some reduction in the catch of 
prawns. 

The square-mesh codends tested in these experi
ments provide further evidence of the effectiveness 
of this type of exclusion device in reducing the bycatch 
of unwanted species, while maintaining the catch of 
prawns and other species of commercial size. Fur
ther, for a fishery that retains a range of species, these 
designs offer a relatively simple and inexpensive 
method for eliminating a large part of the incidental 
catch. It is evident from the results, however, that 
not all species to be excluded behave in a similar 
manner and that the effects of operational procedures 
such as haulback delay can significantly influence 
the rate of exclusion of some species. Therefore, it is 
imperative that future research into exclusion de
signs, such as square-mesh panels, include an as
sessment of such operational factors so that the full 
impact of bycatch excluders on reducing the mortal
ity of incidentally caught juveniles can be assessed. 
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Abstract 

Four experiments, comparing catches and by-catches from a conventional codend with several 
modified codends, were done in two estuarine prawn-trawl fisheries in New South Wales, 
Australia. The modified codends were designed to reduce by-catch and included panels of 
square-mesh, soft mesh separating panels and a Nordm111re-grid. Compared to a conventional 
codend, the codends with square-mesh panels showed no significant differences in catches of 
school prawns (Metapenaeus macleayi) nor by-catches. The codends with soft mesh separating 
panels showed different results between locations. In the Clarence River estuary, these designs 
significantly reduced by-catch (up to 70%) with no reduction in catches of school prawns, while 
similar designs tested in Botany Bay showed significant reductions in by-catches and catches of 
king prawns (Penaeus plebejus) (up to 58% and 34% respectively). In the Clarence River the 
codend with the NordmS!!re-grid, showed a significant reduction in by-catch (77%) with no 
reduction in catches of school prawns compared to a conventional codend. The results are 
discussed in tenns of the probable behaviour of fish and prawns in the modified trawls, the need 
for fishery-specific designs of by-catch reducing trawl modifications and the implications of 
introducing such designs into nonnal commercial practice. 

Keywords: Modified codends; By-catch reduction; Prawn-trawls; Selectivity 
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1. Introduction

The incidental capture of non-target species, collectively termed 'by-catch' (sensu 
Saila, 1983), from prawn trawling has attracted world-wide attention over the past few 
years. For reviews see Sail a (I 983), Andrew and Pepperell ( I 992) and Alverson et al. 
(I 994). Of particular concern is the mortality of large numbers of juveniles of commer
cially and recreationally important species, since this is thought to reduce the recruit
ment, biomass and yield of stocks that form the basis of other fisheries (Gordon, 1988; 
Foldren, 1989; Cooper, 1990). Increased awareness of thes� problems will mean that this 
issue will remain one of the most important challenges facing commercial and recre
ational fisheries throughout the world (Tillman, 1993). 

In New South Wales, Australia, estuarine prawn trawling occurs in five locations and 
is valued at approximately A$7 X 106 per annum ( 1990-91 ). Over the past 10 years the 
by-catch from these fisheries has become of increasing concern to a broad cross section 
of the community, particularly commercial and recreational frshers, conservationists, 
fisheries managers and scientists. Primarily, these concerns are directed towards prawn 
trawlers catching and discarding large numbers of under-size fish that, when larger, are 
targeted in other commercial and recreational fisheries. 

This increasing conflict resulted in a 3 year observer-based study which quantified 
the distributions and abundances of by-catch species throughout the N.S.W.'s prawn-trawl 
fisheries (Kennelly et al., 1992). The information collected revealed relatively large 
by-catches of juveniles of commercially and recreationally important finfi '· 'c: in most of 
these fisheries. While many by-caught species showed large temp<.,. 11d spatial 
variabilities, some were caught in large numbers throughout entire trawlini. asons. In 
particular, the Clarence River prawn-trawl fishery showed· large by-catches of juvenile 
bream ( Acanthopagrus australis), tailor ( Pomatomus saltatrix) and sand whiting (Sil
/ago ciliata) (Liggins and Kennelly, 1996), and Botany Bay showed large by-catches of 
several important species, especially juvenile snapper (Pagrus auratus) (Liggins et al., 
unpublished). Although there is little data available on the population structure and 
dynamics of these species, nor estimates of their post-trawl mortalities, the quantities of 
by-catch have led to concerns over the potential impacts of prawn trawling on these 
species. An investigation was initiated, therefore, which examined possible methods of 
minimising undesirable by-catch in N.S.W.'s estuarine prawn trawl fisheries. 

Recent studies on excluding by-catch from prawn-trawi gear have concentrated on 
modifying the codend to incorporate trash exclusion devices (TEDs). At their simplest 
level, these devices may be categorized according to the methods used to promote 
by-catch escape: (i) those which exploit behavioural differences between prawns and 
finfish (Wardle, 1983; Wardle, 1989; Main and Sangster, 1985; Watson, 1989) using 
strategically placed escape 'windows' (Watson et al., 1986; Matsuoka and Kan, 1991; 
Rulifson et al., I 992) or panels of square-mesh in codends (Isaksen and Valdemarsen, 
1986; Briggs, 1992; Thorsteinsson, 1992; Broadhurst and Kennelly, 1994) and (ii) those 
that mechanically partition the catch using some form of separating panel within or 
immediately anterior to the codend (Kendall, 1990; Isaksen et al., I 992). This panel may 
be made of netting that has larger meshes than the targeted prawns, (Christian and 
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Harrington, 1987; Kendall, 1990) or may be constructed using a solid grid, e.g. the 
Nordm�re-grid (Isaksen et aL, 1992). 

The type of modification used in codends to reduce by-catch depends on the 
individual characteristics of the fishery under examination (e.g. the size of nets, methods 
of handling, location of trawl grounds), the species to be excluded and the extent to 
which the behaviour of the target and by-catch species are understood (Watson, 1989). 
For example, Broadhurst and Kennelly (1994); Broadhurst and Kennelly (1995) showed 
that square-mesh panels in cqdends were effective in excluding large quantities of small 
fusiform fish, without signifi�ant loss of prawns. This type of exclusion device was easy 
to install and had no adverse effect on the setting and retrieval of the gear, an important 
consideration for the small-sc·ale operations typical of estuarine trawling. Although solid 
and/or complex separator TEDs are not generally favoured by fishers, studies have 
shown that the application of these is essential in some fisheries which seek to exclude 
large individuals (Isaksen et al., 1992). Such devices need to be carefully designed so 
they do not affect normal fishing methods (i.e. setting and retrieval of gear) nor interfere 
with the geometry of the trawl. 

In seeking to develop the most suitable by-catch reducing modifications to trawl 
gears for particular fisheries, it is therefore necessary to have information on species
specific spatial and temporal ?,1ariabilities in by-catches and a sound understanding of the 
commercial techniques employed. Further, it is important to appreciate that, because of 
the large variabilities inherent in the magnitudes and compositions of by-catches across 
fisheries, it is unlikely that one design will be suitable over a range of fisheries and 
locations (Rulifson et al., 1992). The application of particular solutions must be specific 
to individual fisheries and based on a sound understanding of the species to be excluded 
and retained (Averill, 1989). 

Our specific goals in this paper were to complete a series of experiments under 
normal commercial fishing conditions to determine the prawn-retention and by-catch 
exclusion characteristics of several modified codends. To facilitate acceptance of these 
designs by fishers, representatives of industry were involved in all aspects of this 
research and particularly in the design and construction of gears and the execution of 
field trials. 

2. Materials and methods

Three experiments were done in the Clarence River and one in Botany Bay between 
December 1993 and March 1994 (Fig. 1 ), using commercial prawn trawlers (both 10 m) 
on established trawl grounds. All trawls were 'Florida Flyers' (mesh size 40 mm) rigged 
so that the codends could be �xchanged and connected to wooden otterboards with upper 
and lower bridles. 

The codends used in the experiments were constructed from 40 mm mesh netting and 
measured 50 meshes in lengtl]. (2 m). They comprised two panels: the anterior panel was 
25 meshes long and constructed of 2 mm diameter twisted twine; the posterior panel was 
25 meshes long and constructed of 3 mm diameter braided twine. 
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Fig. I. The coast of New South Wales and locations of the estuaries in which the experiments were done. 

Because of different regulations governing the fishing operations in these estuaries, 
the Clarence River experiments were done using a twin rig system (each with a headline 
length of 7.32 m), whilst the Botany Bay experiment was done using a single net (with a 
headline length of 10.97 m). These nets were towed at a ground speed of approximately 
2.5 knots in depths ranging from 2 to 5 m. Because the results of each experiment 
affected the design of subsequent experiments, we provide details of each experiment in 
chronological order. 

2.1. Clarence River Experiment 1 

Five codend designs were examined. The control codend (Codend 1), conventionally 
used in the Clarence River fishery, was made entirely of diamond-shaped meshes (Fig. 
2(A)). Codends 2 and 3 had panels of large diamond-shaped netting (150 mm mesh and 
203 mm mesh respectively) inserted into the tops of the anterior sections (305 mm x 305 
mm), close to the leading edge of the posterior section (Fig. 2(B)). Codends 4 and 5 
were similar to Codends 2 and 3, but included rigid aluminium frames around the 
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Fig. 2. Diagramatic representation of codends tested in Clarence River Experiment 1: (A) control codend and 
(B) modified codends (where T,transversals; B, Bars and N, normals).

perimeter of the large mesh panels. These frames were inserted to facilitate the removal 
of windows of different sizes of mesh and to ensure that meshes were kept open. 

Each modified codend was directly compared to the control codend, one on each net 
of the twin rigged gear. The position and order of each codend was randomly 
determined and each modified codend was used twice per day in normal commercial 
tows of between 8 and 61 min duration. Over 5 days during the trawling season, we 
completed a total of ten replicate comparisons of each treatment codend against the 
control. 

2.2. Clarence River Experiment 2 

The codends used in the second experiment in the Clarence River were constructed 
using the same materials and configurations as those described above, but incorporated 
modifications to the anterior sections. In this experiment, three modified codends were 
tested against a control codend. The first and second modified codends had panels of 
netting ( 150 mm mesh and 203 mm mesh) cut on the bar and inserted into the tops of 
the anterior sections (Fig. 3(A)). These panels were slightly larger (305 mm x 457 mm) 
than those described in Experiment 1 and were located at the top leading edge of the 
anterior sections. The third modified codend, termed the 90 mm separator panel codend 
(SPC) had a separating panel (constructed of 90 mm mesh) attached at the bottom of the 
leading edge of the anterior section (hanging ratio of 90%) and sewn along the bars 
terminating at an escape window (305 mm x 457 mm and constructed of 203 mm 
square-mesh) at the top leading edge of the posterior section (hanging ratio of 50%) 
(Fig. 3(B)). 
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Fig. 3. Diagramatic representation of codends tested in Clarence River Experiment 2: (A) modified codends 
with panels of netting (ISO mm and 203 mm respectively) cut on the bar and (B) 90 mm SPC. 

Each modified codend was directly compared to the control codend, one on each net 
of the twin rigged gear. The position and order of each codend was randomly 
determined and each modified codend was used three times per day in normal 
commercial tows of between 14 and 41 minutes duration. Over 5 days during the 
trawling season, we completed a total of 15 replicate comparisons of each treatment 
codend against the control. 

2.3. Botany Bay Experiment 

In this experiment two modified codends were constructed that incorporated l 00 mm 
and 150 mm separator panels respectively (termed the 100 mm SPC and 150 mm SPC), 
according to the specifications given above for the 90 mm SPC (see Fig. 4). The escape 
windows were made smaller (305 mm x 305 mm) than those described above. To 
facilitate removal of the codends, zippers (No. 10 nylon open-ended auto lock plastic 
slides) were attached to the net and each of the codends. Thy lengths of these zippers 
were calculated according to the methods described by Robertson (1986) for estimating 
the fishing circle circumference of codends. 

The three codends were interchanged between tows in a random order so that each 
codend was used three times per night (total of nine tows per night). Over ten 
consecutive nights, we completed a total of 30 replicate tows (30 min duration) for each 



M.K. Broadhurst et al./ Fisheries Research 27 ( /996) 89-1 // 

25 N 

25 N 

' 

' 

150T 

100 , 

203 mm mesh (square) 

100 I 150 mm mesh 
panel 

95 

Fig. 4. Diagramatic representation of the 100 mm and 150 mm SPCs trialed in the Botany Bay Experiment and 

Clarence River Experiment 3. 

of the three codends. To ensure independence among tows, the location of each tow was 
randomly selected from the available prawn-trawl locations that were possible under the 
particular conditions. 

2.4. Clarence River Experiment 3 

In this experiment, three modified codends were tested against the control. Two of 
the modified codends were the same as those used in the Botany Bay Experiment, 
except that th� escape windows were left open (free of meshes) (Fig. 4). The third 
codend was constructed so that it incorporated a Nordmszsre-grid scaled to fit the net (see 
also Isaksen et al., 1992) and located in a 2 m extension immediately anterior to the 
codend (Fig. 5). An identical 2 m extension of netting was constructed to be used with 
the control codend. All codends and extension pieces were fitted with zippers to 
facilitate changes. 

Each of th� modified codends was compared against the control in a random order 
four times per day in normal commercial tows of between 20 and 38 min duration. To 
ensure independence among tows, the location of each tow was randomly selected from 
the available prawn-trawl locations that were possible under the particular conditions. 
Over 4 days we completed a total of 16 replicate comparisons of each treatment codend 
against the control. 
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2.5. Data collected from the experiments 

After each tow in each experiment, the codends were emptied on to a partitioned tray. 
All organisms were sorted according to species. Data collected from each tow were: the 
total weight of prawns, the total weight of by-catch, the weights, numbers and sizes of 
commercially and/or recreationally important finfish (to the nearest 0.5 cm), the 
numbers of non-commercial and/or non-recreational species and the total numbers of 
species in the assemblage. All prawns in a subsample of the total prawn catch from each 
tow were measured in the laboratory (to the nearest I mm carapace length). 

Data from the Clarence River experiments for all replicates that had sufficient 
numbers of each variable were analysed in one tailed, paired !-tests (testing the 
hypothesis that the treatment caught less than the control). 

Analysis of variance of differences between control and modified codends were done 
to provide a more detailed examination of the results from Clarence River Experiment 3. 
Firstly, to show there were no significant differences in tow duration between the 
various shots, the shot duration for each of the paired comparisons was analysed using 
Cochran's test for homogeneity of variances and the appropriate two factor analysis of 
variance (shot duration was non-significant at P < 0.05). Differences in catches between 
control and modified codends were then analysed using Cochran's test for homogeneity 
of variances and the appropriate two factor analysis of variance (Underwood, 198 I). 
Significant differences detected in these analyses were investigated using Student-New-

Fig. 5. Photograph of the Nordml!lre-grid. 



Table I 
Clarence River Experiment I: summaries of one-tailed paired I-tests comparing different codends 

Weight of school prawns 
Weight of by-catch 
Number of bream 
Weight of bream 
Weight of catfish 
Number of non-commercial species 
Total number of species 

Control vs. 150 mm Control vs. 203 mm 
diamond mesh panel diamond mesh panel 

Paired t-value p Paired t-value p 

-0.790 0.776 0.379 0.356 
-0.760 0.767 -1.209 0.872 
-0.611 0.722 -0.847 0.791 
-1.108 0.852 -I.Oil 0.839 

0.892 0.197 1.505 0.083 
-1.369 0.898 -1.369 0.898 
-1.274 0.883 -0.739 0.761 

• • Significant ( P < 0.0 I); • Significant ( P < 0.05).

Control vs. 150 mm Control vs. 203mm 
diamond mesh panel (frame) diamond mesh panel (frame) 

Paired t-valve p Paired t-value p 

0.367 0.361 1.340 0.106 
1.490 0.085 -0.321 0.623 
1.651 0.060 0.670 0.259 
1.775 0.054 1.121 0.145 
1.154 0.139 -0.268 0.603 
0.264 0.398 1.253 0.121 
0.709 0.248 0.459 0.328 
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man-Keuls multiple comparisons of means. Size-frequencies of school prawns and 
bream were graphed and compared using two-sample Kolmogorov-Smirnov tests 
(P = 0.05). 

Data for all variables from the Botany Bay Experiment were analysed using Cochran's 
test for homogeneity of variances, transformed if necessary, and then analysed in the 
appropriate two factor analysis of variance. Significant differences detected in these 
analyses were investigated using Student-Newman-Keuls multiple comparisons of 
means. Size frequencies of king prawns were graphed and compared using two-sample 
Kolmogorov-Smirnov tests ( P = 0.05). 

3. Results

3.1. Clarence River Experiment 1 

The four experimental codends used in Experiment 1 showed no significant differ
ences from the control codend for any of the variables examined (Table I). 

3.2. Clarence River Experiment 2 

The codends with the 150 mm and 203 mm mesh panels showed no significant 
differences from the con�rol codend for any of the variables examined (Table 2). The 90 
mm SPC, however, significantly reduced the weight of by-catch (mean reduction of 
65%), the numbers and weights of bream (mean reduction of 65%), the numbers of 
non-commercial species (mean reduction of 35%) and the total number of species (mean 
reduction of 36%) (see Fig. 6(A), Fig. 6(B), 'Fig. 6(C), Fig. 6(0) and Table 2). This 
codend had no significant effect on the catch of school prawns (although the mean catch 
of school prawns was 77.3 g or 13% lower) (Fig. 6(E) and Table 2). 

Two-sample Kolmogorov-Smimov tests comparing the size-frequency distributions 
of bream from each sample (Fig. 7) showed no significant differences in the relative size 

Table 2 
Clarence River Experiment 2: summaries of one-tailed pafred I-tests comparing different codends 

Weight of school prawns 
Weight of by-catch 
Number of bream 
Weight of bream 
Number of non-commercial 
species 
Total number of species 

Control vs. 150 mm Control vs. 203 mm Control vs. 90 mm SPC 
square mesh panel square mesh panel 

Paired r-value p Paired t-value p Paired t-value p 

-0.487 0.683 1.412 0.090 1.247 0.116 
1.721 0.053 -0.534 0.700 5.066 0.001 • • 

-0.788 0.779 -Q.233 0.591 2.769 0.007 • • 
-0.375 0.644 -d.175 0.568 3.084 0.004 • • 
-1.193 0.874 1.000 0.167 5.358 0.0001 • • 

-0.138 0.554 1.524 0.075 4.432 0.0003. • 

·' Significant (P < 0.01); • Significant (P < 0.05).
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Fig. 6. Differences in mean catches ± SE between the control and 90 mm SPC tested in Clarence River 
Experiment 2: (A) the weights of by-catch; (B) the numbers of bream; (C) the numbers of non-commercial 
species; (D) the total number of species and (E) the weights of school prawns. 

: compositions between the 90 mm SPC and control codend. The data describing the 
size-frequency distributions of school prawns were incomplete and therefore excluded 
from analyses. 

3.3. Botany Bay Experiment 

Both codends with separator panels significantly reduced the weights of king prawns 
and by-catch, the numbers of non-commercial species and the total numbers of species 

, compared to the control codend (Fig. 8(A), Fig. 8(B) and Table 3). The mean weights of 
king prawns and by-catch were reduced by 14.4% and 38% respectively in the 150 mm 
SPC, whilst the 100 mm SPC reduced these by 34% and 58.6% respectively (Fig. 8(A) 



Table 3 
Botany Bay Experiment: summaries of F ratios from analyses of variance to determine effects on variables due to fishing with different codends on different nights 
and of Student-Newman-Keuls multiple comparisons of means for those variables that showed significant differences between codends 

Treatment 

Codends (C) 
Nights (N) 
Cx N 
Residual 

Weight of king prawns 
Weight of by-catch 
Number of non-commercial species 
Total number of species 

d.f.

2 
9 

18 
60 

Weight of 
king prawns 
raw 

12.60 ••

2.57 •

1.32 

Weight of 
by-catch 
raw 

25.91 • • 

1.35 
0.91 

Control >

Control >

Control > 
Control > 

150 mm separator panel >

150 mm separator panel >

I 50 mm separator panel 
150 mm separator panel > 

Number of 
bar-tail goat fish 
ln(x + I) 

0.186 
7.92 • • 

0.81 

100 mm separator panel 
100 mm separator panel 
I 00 mm separator panel 
I 00 mm separator panel 

Number of 
snapper 
ln(x + I) 

2.25 
5.67 •• 

0.64 

• • Significant (P < 0.01); • Significant (P < 0.05).The transform used to stabilize variances (if required) is also given.

No. of non- Total number 
commerical species of species 
raw raw 

10.67 '.
26.22 •• 

6.24 •• 10.72 
1.25 1.73 
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Fig. 7. Length-frequency distributions of bream from the control codend and the 90 mm SPC tested in 
Clarence River Experiment 2. 
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Fig. 9. Length-frequency distributions of king prawns from each of the three codends trialed in the Botany 

Bay Experiment. 

and Table 3). The numbers of bar-tail goatfish (Upeneus tragula) and snapper showed 
significant differences among nights in the experiment but no effects due to codends 
(Table 3). No variables displ.ayed significant interactions among the types of codend and 
nights. 

Two-sample Kolmogorov-Smimov tests comparing size-frequency distributions for 
the king prawns measured from each sample (Fig. 9) showed that whilst there were no 
differences in size compositions between the control and the 150 mm SPC, the 100 mm 
SPC caught proportionally fewer large prawns than both the control and the 150 mm 
SPC ( P < 0.05). 

3.4. Clarence River Experiment 3 

All three modified codends significantly reduced the weights of by-catch, numbers 
and weights of bream and catfish ( Euristhmus lepturus ), the numbers of non-commer
cial species and the total numbers of species (Fig. lO(A), Fig. 10(B), Fig. lO(C), Fig. 
1 0(D ), Fig. 1 O(E) and Table� 4 and 5). Apart from a reduction in the weights of catfish 
retained in the net with the Nordm�re-grid, there were no other detectable differences in 
the rates of exclusion for each of the variables between the three modified codends 
(Table 6). Whilst none of the modified codends significantly reduced the catches of 
school prawns, the mean catches were 15% lower in the 100 mm SPC, 6% lower in the 
150 mm SPC and 10% greater in the Nordm�re-grid (Fig. lO(F) and Table 4). 

Two-sample Kolmogorov-Smirnov tests comparing the size-frequency distributions 
for bream measured from 'each sample showed no differences in the relative size 
compositions between the 150 mm SPC and control codend (Fig. 1 l(B)), whilst the 100 
mm SPC and the Nordm�r,e-grid caught proportionally fewer large bream than their 
controls (P < 0.05) (Fig. 1 l(A) and Fig. 1 l(C)). The size-frequency distributions for 
school prawns showed that there were no significant differences between the SPCs and 
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Table 4 
- Summaries of one-tailed paired t-tests comparing different codends for the Clarence River experiment No. 3.

Control vs. I 00 mm Control vs. 150 mm Control vs. 

separator panel separator panel Nordm11lre grid 

Paired p Paired p Paired p 

t-value t-value t-value

Weight of school prawns 1.093 0.145 0.740 0.235 -0.767 0.773 

Weight of by-catch 2.890 0.005 • • 3.523 0.001 '• 3.801 0.0009 •' 

No. of bream 2.499 0.012 • 2.257 0.019 • 3.304 0.002 '' 

Weight of bream 2.088 0.027 ' 2.819 0.006 '• 3.602 0.001 '' 

No. of catfish 1.977 0.033 • 2.823 0.006 '• 1.878 0.040' 

Weight of catfish 2.283 0.018 • 1.916 0.037 ' 2.807 0.006 '' 

No. of non-commercial species 4.869 0.0001 '' 2.824 0.006 '• 1.562 0.004 '• 

Total no. of species 6.143 0.0001 '' 3.615 0.001 ' • 3.212 0.003 •' 

their controls while the Nordm�re-grid caught proportionally more medium sized school 
prawns (13-16 mm carapace length) and fewer large school prawns (Fig. I2J 

4. Discussion

This series of experiments clearly illustrates that modifications to codends can
selectively reduce the incidental catch of non-target species (see also Briggs, 1992; 
Isaksen et al., 1992; Broadhurst and Kennelly, 1994). By doing these trials in different 
fisheries, we have also shown that it is necessary to design such modifications on a 
fishery-specific basis (see also Watson et al., 1986;.Averill, 1989; Rulifson et al., 1992). 

In previous experiments, Broadhurst and Kennelly (1994); Broadhurst and Kennelly 
(1995) showed that square-mesh panels in codends were effective in releasing small fish 
(mulloway, Argyrosomus hololepidotus) from prawn-trawls in the Hawkesbury River. 
The characteristics of these designs were attributed to differences in the behaviour of 
fish and prawns in their response to stimuli from the trawl. That is, fish were thought to 
be herded together at the taper of the codend, invoking an escape response to the sides 
and top of the trawl (through the open mesh window). In contrast, benthic invertebrates 
like prawns were thought to display a limited response to stimuli from the trawl, were 
consequently forced against the meshes, and eventually tumbled down the net and into 
the back of the codend (Lochhead, 1961; Main and Sangster, 1985; Newland and 
Chapman, 1989). 

In the present paper, the four modified codends from Clarence River Experiment 1 
and the codends with the 150 mm and 203 mm mesh panels tested in Clarence River 
Experiment 2 were designed to take advantage of the above theory. They incorporated 
an escape panel of large mesh on top of the anterior section of the codend only, so that 
fish might escape without substantial loss of prawns. The results showed, however, that 
there was no evidence that fish escaped from any of these designs (Table I). Possible 
reasons for these results are that the species caught in the Clarence River (predominantly 
bream) were not present in sufficient schooling densities and/or were not greatly 
affected by the stimuli from the trawl nor the hydrodynamic forces in the codend. This 



Table 5 
Summaries of mean reductions per tow and percentage reductions (between mean catches from modified and control codends) for each variable that showed a 
significant effect 

100 mm separator panel 150 mm separator panel Nordm!'lre-grid 

Mean reduction per tow % difference Mean reduction per tow % difference Mean reduction per tow % difference 

Weight of by-catch (g) 1528.75 ± 528.86 70.0 1452±412.23 58.6 2038 ± 607.45 77.0 
No. of bream 12.93 ±5.17 52.5 5.37 ±2.38 28.9 11.5 ± 3.48 52.2 
Weight of bream (g) 443.75±212.40 56.8 206.25 ±73.16 35.5 485± 134.64 77 

No. of catfish 4±2.02 66.6 2.68±0.95 53.1 8.43 ±4.49 95.8 

Weight of catfish (g) 214.38 ± 93.8 77.0 183±95.91 58.2 631.25 ± 224.85 97.2 
No. of non-commercial species 1.75 ±0.36 29.5 1.18 ±0.42 19.2 1.56±0.50 26.4 
Total no. of species 2.18 ± 0.35 28.0 1.94±0.53 22.7 2.06±0.64 26.4 
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Fig. 10. Differences in mean catches ± SE between the codends tested in Clarence River Experiment 3: (A) 
the weights of by-catch; (B) the numbers of bream; (C) the numbers of catfish; (D) the numbers of 
non-commercial species; (E ) the total number of species and (F) the weights of school prawns. 

Table 6 
Summaries of F ratios from analyses of variance to determine effects on �ariables due to fishing with different 
codends on different days for the Clarence River Experiment no. 3. The data were all treated in the raw fonn 

Treatment d.f. Weight Weight No. of Weight No. of Weight No. of non- Total no. 
of school of by-catch bream of bream catfish of catfish commercial of species 
prawns species 

Codends (C) 2 1.00 0.92 1.09 1.06 1.12 3.30 • 0.42 0.05 
Days (D) 3 0.87 2.15 2.43 2.86 1.50 1.84 0.56 0.24 
CxD 6 0.61 1.25 0.36 0.59 1.00 2.14 1.00 0.65 
Residual 36 
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Fig. 11. Length-frequency distributions of bream from Clarence River Experiment 3: (A) the control and 100 
mm SPC; (B) the control and 150 mm SPC and (C) the control and Nordm�re-grid. 

latter hypothesis is supported by previous studies which have shown that physiological 
differences between species are a major factor in the effectiveness of escape panels 
(Robertson and Stewart, 1988; Briggs, 1992; Fonteyne and M'Rabet, 1992). Another 
hypothesis to explain these results is that the high dorsal profile of bream may have 
restricted their escape through the meshes in the escape window. Further, these fish may 
have maintained station in the codend, effectively masking the meshes of the escape 
window and preventing the escape of other smaller fish (see also Main and Sangster, 
1991). The presence of other benthic material commonly found in the Clarence River 
( weed, sticks and assorted debris), may have a similar masking effect on these escap� 
windows,, contributing to the overall lack of fish exclusion. 

None of the codends with escape panels significantly reduced the weights of school 
prawns (Table I), supporting the theory that the response of benthic invertebrates to 
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Fig. 12. Length-frequency distributions of school prawns from Clarence River Experiment 3: (A) the control 
and 100 mm SPC; (B) the control and 150 mm SPC and (C) the control and Nordm�re-grid. 

stimuli from trawled gears is limited (see above and Lochhead, 1961; Main and 
Sangster, 1985; Newland and Chapman, 1989). This was seen as an important result in 
terms of the acceptance of this research by the prawning industry, since many believe 
that the large mesh panels in escape devices always lead to prawn loss. 

The results from the 90 mm SPC tested in Clarence River Experiment 2 illustrated 
the effectiveness of inserting a soft separating panel into the codend (forward of the 
open mesh window) to divide prawns mechanically and direct by-catch upward through 
the window (Table 2 and Fig. 6). This codend significantly reduced the weight of 
by-catch (65%), and the weights and numbers of bream (65%) with no statistically 
significant effect on the catch of school prawns (although the mean catch was 13% 
lower, see Fig. 6). It is reasonable to assume that the separating panel in this codend 
physically directed those by-caught organisms that were larger than the 90 mm mesh 
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size used in the separator panel through the window. For bream, however, despite a 
significant reduction in numbers (65%), Kolmogorov-Smirnov tests on size-frequency 
compositions failed to detect any difference between the control and 90 mm SPC (Fig. 
7), suggesting that the exclusion of these fish occurred across the range of sizes sampled 
(5-20 cm). Perhaps some small bream detected the panel in advance (either visually or 
using their lateral lines) and orientated away from the stimuli. The geometric attitude of 
the panel would have directed some of these fish out of the codend, whilst others simply 
passed through the panel and into the rear of the codend. The retention of larger bream 
in the codend ( > 13 cm) may have been caused by masking of the escape· window by 
weed (see above), preventing these fish from escaping and forcing them through the 
meshes of the separator panel. 

The size of mesh in the separator panel used in the 90 mm SPC may have contributed 
to the mean reduction in school pi-awn weight ( I 3%, see Fig. 6(E)). It is possible that 
this mesh-size was too small and/ or the presence of weed and debris closed the meshes 
in the panel, allowing some prawns to tumble out through the window. 

Increasing the size of mesh in the separator panel to 100 mm and 150 mm showed 
different results in different locations. The 100 mm and 150 mm SPC tested in the 
Botany Bay Experiment significantly reduced the total weights of by-catch (58.6% and 
38% respectively) and king prawns (34% and 14% respectively) with ndi significant 
effect on the by-catch of fish such as snapper and bar-tailed got1.t fish (Table 3). These 
comparatively poor exclusion characteristics might be attributed firstly to the size and 
type of species by-caught in this estuary. Because much of this by-catch consisted of 
small fish and crustacea that were similar in size to the targeted prawns, many could not 
be excluded from the trawl simply using size-based separator panels. Secondly, because 
this is a nocturnal fishery, many of the smaller fish may not have detected the separating 
panel visually in sufficient time to be directed out of the codend. 

In the Clarence River, the 100 mm and 150 mm SPCs reduced the weights of 
by-catch (70% and 58.6% respectively), and all other variables with no significant 
reductions in the weights of school prawns caught (although the means were reduced by 
15% and 6% respectively, see Fig. 10). Whilst Kolmogorov-Smirnov tests detected a 
difference in the size-compositions of bream between the 100 mm SPC and its control, 
this modified codend, along with the 150 mm SPC still retained a number of larger 
bream (see Fig. l l(A) and Fig. l l(B)). The exclusion of bream from these modified 
codends may be explained using the theory discussed above for the 90 mrri SPC. 

Differences in the prawn-retention characteristics of these modified codends between 
the two locations (i.e. significant reduction of king prawns in Botany Bay but not school 
prawns in the Clarence River) may reflect interspecific variabilities. Although Broad
hurst and Kennelly (1994) suggest that these species exhibit a similar response to stimuli 
from the trawl, in terms of their behaviour during capture, their levels of endurance and 
degree of abdominal flexion and extension may differ. King prawns were oqserved to be 
more active when the codends were emptied onto the sorting tray, jumping and 
'flipping' for up to a minute. It is possible that this species 'flips' more frequently in the 
trawl, increasing the likelihood of escape through the open mesh window. 

The only modified codend that did not show any reduction in mean prawn catches 
was that containing the Nordm�re-grid, tested in Clarence River Experiment 3 (Fig. 10 
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Table 7 

Summary of Student-Newman-Keuls multiple comparisons of the weights of catfish. 

Weight of catfish I 00 mm separator panel = 150 mm separator panel > Nordm!'!re-grid

109 

and Table 4). This design reduced the weights of by-catch (by 77%), numbers and 
weights of bream (52% and 77% respectively), numbers and weights of catfish (95.8% 
and 97.2%) and the numbers of non-commercial species and total species (26.4% each) 
(see Table 5). Although a�alysis of variance and SNK tests failed to detect any 
differences between the Nordm�re-grid and the 100 mm and I 50 mm SPCs (apart from 
a reduction in catfish weights, see Table 7), in addition to the prawn retention 
characteristics, there are at )east two reasons why the grid seemed to have the most 
potential for development and application in the Clarence River. Firstly, the rigid 
structure and fixed bar spacings appeared to provide more accurate size-separation of 
individual species, increasing the likelihood of excluding individuals larger than a 
certain size. The 20 mm spacings used in the grid in this experiment, for-...example, 
excluded virtually all bream > 13 cm with no loss of school prawns (Fig. I I(C)). 
Secondly, the rigid shape and smooth contours of the grid exclude weed and debris more 
effectively. This is perceived by industry as a problem at certain locations in the river, 
restricting the area available for trawling and the duration of tows. 

This series of experiments showed that there exists great potential for the eventual 
development_ of modified codends for use in N.S.W.'s estuarine prawn-trawl fisheries 
which will exclude a large proportion of juvenile fish with minimal loss of prawns. The 
differences in the results from the two estuaries examined suggest that different 
fisheries, with different target and by-catch species and environmental parameters, 
require modifications to codends that are unique to each. 

While the advantages of using the sorts of modifications developed in this paper 
appear obvious, the ultimate effectiveness of these designs in terms of conserving 
juveniles of commercially and/or recreationally important species is determined by the 
extent of post-trawl mortalities associated with escaping through panels of mesh and 
along the bars of solid grids. Although other studies suggest that these effects may be 
minimal, (Main and Sangster, 1988; DeAlteris and Castro, 1992), future research should 
include an assessment of this question on a species-specific and fishery-specific basis, 
before concluding that desig�s such as these will solve the potential impacts that prawn 
trawling has on other commercial and recreational fisheries. 
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Abstract 

Effects on the escape of small fish from prawn-trawl codends due to (i) codend circumference 
and (ii) a new design of square-mesh panel were investigated in the New South Wales oceanic 
prawn-trawl fishery. Simultaneous comparisons of two conventional diamond-mesh codends, 
constructed with posterior sections of 100 and 200 meshes circumference, respectively, showed 
that halving this circumference significantly altered the selectivity of the codend and decreased the 
by-catch of small fish. A new design of square-mesh panel incorporated composite panels of 
netting (60 mm and 40 mm mesh), sewn in such a way that the meshes were square-shaped and 
inserted into the top of the anterior section of the codend. This panel was designed to aliow larger 
fish to escape through the 60 mm mesh (at the point where waterflow was thought to be the 
greatest) and also increase the random escape of smaller individuals through the 40 mm mesh. To 
determine any influences of codend circumference on the performance of this panel, it was 
inserted into two codends with posterior sections of 100 and 200 meshes circumference, 
respectively. Simultaneous comparisons with each other and with their controls showed that the 
two-panelled codends, with posterior sections of both 100 and 200 meshes, performed similarly 
and significantly reduced the weights of discarded by-catch without significantly reducing the 
catch of prawns. There was evidence that more fish tended to escape through the square-mesh 
panel in the codend with the posterior section of 200 meshes circumference. The results are 
discussed in terms of the effects that codend circumference (and therefore hydrodynamic pressure) 
may have on the escape of small fish through codends that do/do not have square-mesh pa�els. 

Keywords: By-catch reduction; Codend circumference; Prawn-trawl; Square-mesh 
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l. Introduction

Oceanic prawn-trawling occurs from 11 major ports in New South Wales (NSW) 
Australia, and ;is valued at approximately A$17 million per annum. The principal target 
species for this fishery is the eastern king prawn, Penaeus plebejus, although a 
significant portion of the total value in the fishery is derived from the sale of legally 
retained by-catch (tenned 'by-product') comprising several species of fish, crustacea and 
cephalopods (�ee Kennelly, 1995). As with most trawl fisheries, however, significant 
numbers of non-target organisms are also captured and discarded. This subset of 
by-catch inclu�es individuals of by-product species which are smaller than the minimum 
commercial size, in addition to juveniles of species caught in other commercial and 
recreational fisheries (see Kennelly, 1995). 

Although there is little infonnation on the post-trawl mortalities of the key by-catch 
species in NSW, the quantities involved have raised significant concerns over the 
potential for negative impacts of prawn-trawling on future stocks of these species (see 
Kennelly, 1993). These concerns led to investigations of v.arious modifications to trawls 
and trawling practices that minimise undesirable by-catch whilst maintaining catches of 
commercial species (i.e. prawns and by-product). 

Several trawl fisheries throughout the world have alleviated problems of undesirable 
by-catch by inserting panels of square-mesh in the codends of trawls (Robertson, 1983; 
Isaksen and Valdennarsen, 1986; Robertson and Stewart, 1988; Carr, 1989; Suuronen, 
1990; Briggs, 1992; Broadhurst and Kennelly, 1994; Broadhurst and Kennelly, 1995). In 
previous experiments (Broadhurst and Kennelly, I 994; Broadhurst and Kennelly, 1995), 
we showed that small square-mesh panels inserted into anterior sections of codends 
allowed small fish to escape without significant loss of prawns. The results from these 
designs were ·attributed primarily to differences in the behaviour of fish and prawns in 
the trawl. Fish were thought to be herded together in the anterior section of the codend, 
upsetting the balance of the school and initiating an escape response towards the sides 
and top of the net and out through the open square-shaped meshes. A contributing factor 
towards the escape of these fish was thought to be the attachment of an anterior codend 
panel of I 00 meshes circumference to a posterior codend panel constructed of heavy 
twine and 200 meshes circumference (nonnal commercial configuration). It was hypoth
esised that the increase in twine area in the posterior panel resulted in a difference in 
hydrodynami� pressure anterior to this panel, stimulating the lateral line receptors of tht 
fish and contributing to their overall escape response. The reaction of prawns to thi� 
stimulus was thought to be minimal, given their inability to sustain escape responses tc 
trawls (see Lochhead, 1961; Newland and Chapman, I 989). Because the differences ir 
hydrodynamic pressure were thought to be greatest at the point of attachment of the tw< 
panels, it was suggested that the insertion of a relatively small panel of square-mesh ir 
this area wo4ld be adequate to exclude a large number of small fish. 

In a recent experiment examining the effects of haulback-delay (the duration betwee1 
slowing the vessel and engaging the hauling winch) on the rates of escape of small fisl 
from square-mesh panels (Broadhurst et al., 1996), we tested two designs of codend 
with small panels of square-mesh ( I l x 7 bars of 85-mm mesh) constructed according t, 
the theory discussed above. The results showed that the level of stimuli required t, 
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promote an escape response from the trawl varied among species, possibly due to subtle 
differences in their physiology and behaviour (see also Robertson and Stewart, 1988; 
Briggs, 1992). For example, while most species escaped continuously during the tow 
(perhaps according to the theory above), the majority of an important commercial 
species (red spot whiting Sil/ago flindersi) remained in the codend, only escaping 
through the panel of square-mesh when additional stimuli were generated during the 
delay in haulback. This result raised some concerns over the potential mortality of these 
individuals during towing, and led to the present paper which examines designs of 
codends that promote escape throughout the duration of towing. 

The results from the papers discussed above showed that to develop appropriate 
designs of square-mesh panels that exclude individuals continuously during towing, it is 
necessary to have information on species-specific behavioural responses to the trawl 
and, where possible, to identify stimuli which evoke such responses. Our goals in the 
present paper were: (i) to investigate the effectiveness of a new design of square-mesh 
panel in reducing several species of by-catch continuously throughout the tow, and (ii) 
to examine the effects that the circumference of the posterior panel of the codend has on 
the escape of fish through codends that do and do not contain square-mesh panels. 

2. Materials and methods

This study was done in March 1995 on commercial prawn-trawl grounds north-east 
of Iluka, New South Wales (29°26'S, 153°22'E) using a 17 m commercial prawn-trawler. 
Three florida flyers (mesh size 42 mm), each with a headline length of 15.8 m, were 
rigged in a standard triple gear configuration (see Kennelly et al., 1993, for details), and 
towed at 2.5 knots. Each of the identical outside nets were rigged with zippers (No. 10 
nylon open-ended auto-lock plastic slides) to facilitate changing the codends. Because 
the middle net was not rigged in exactly the same way as the outside nets (see Kennelly 
et al., 1993 for details), it was excluded from any analysis. 

The codends used in the experiment measured 58 meshes long (2.3 m) and were 
constructed from 40 mm mesh netting and 60-ply twine (Fig. I). These codends 
comprised two panels: the anterior panel was 33 meshes long and attached to a zipper; 
the posterior panel was 25 meshes long. Four designs of codend were compared. The 
first and second codends (termed the 100 control and 200 control codends) were made 
entirely of diamond-shaped meshes and comprised anterior panels with a circumference 
of 100 meshes, attached to posterior panels with circumferences of 100 and 200 meshes, 
respectively (Fig. l(A)). The third and fourth codends (termed the 100 panel and 200 
panel codends) were similar to their respective controls in construction (i.e. the 100 and 
200 control codends), but included composite panels made of 60 mm and 40 mm netting 
cut on the bar and inserted into the top of the anterior section (Fig. 1 (B)). We predicted 
that: (i) large numbers of fish would escape through the panel of 60 mm square-mesh, 
placed at the point where waterflow was thought to be the greatest; and (ii) the 40 mm 
square-mesh anterior and lateral to this panel would increase the random escape of 
smaller fish. 
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Fig. I. Diagrammatic representation of(A) the 100 control and 200 control codends, and (B) the 100 panel and 
200 panel codends. 

All four codends were compared against each other in independent paired trials. That 
is, in separate tows, both codends with the square-mesh panel were compared against 
each other and their respective controls, and the control codends were also compared 
against each other. The particular pair to be compared in a given tow were placed on 
each outside net of the triple-rigged gear. The position and order of each .codend was 
determined randomly (to eliminate any biases between different trawls and sides) and 
used in normal commercial tows of 75 min duration. Because some significant effects of 
haulback-delay were quantified in a previous experiment (Broadhurst et al., 1996) and 
we wanted to test the effectiveness of the modified codends in excluding fish throughout 
the duration of towing, all tows were performed with no delay in haulback. The location 
of each tow was randomly selected from the available prawn-trawl locations that were 
possible under the particular conditions. Over eight nights we completed a total of ten 
replicates for each of the four paired comparisons. 

After each tow, the two codends were emptied onto a partitioned tray. Prawns and all 
commercially important species larger than the minimum legal size (retained commer
cials) were separated. The remaining by-catch (termed discarded by-catch) was then 
sorted. This included individuals of commercially important species that were smaller 
than the minimum legal size (discarded commercials). Data collected from each tow 
were the total weight of prawns and their sizes (to the nearest I mm carapace length), 
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the weight of the discarded by-catch, the weights, numbers and sizes (to the nearest 0.5 
cm) of retained and discarded commercial species, the weights and numbers of the most
commonly occurring non-commercial species, and the numbers of commercial species in
the assemblage. Several commercially important species were caught in sufficient
quantities to allow meaningful comparisons. These wel'e eastern king prawns, octopus,
Octopus spp., smooth bugs, lbacus sp., red spot whiting, Sillago flindersi, stout
whiting, Sil/ago robusta, and eastern blue spot flathead, Platycephalus caeruleopuncta

tus. A non-commercial species, long-spined flathead, Platycephalus longispinis, was
also caught in sufficient quantities to permit analyses.

Data for all replicates that had sufficient numbers of each variable ( > 2 fish in each 
comparison) were analysed in one-tailed, paired t-tests (the hypotheses tested were: 100 
panel< 100 control; 200 panel< 200 control; 100 panel< 200 panel; 100 control< 200 
control). Except for stout whiting, where analyses pro�ided similar results for weights 
and numbers of taxa, only data about numbers were included in the figures to conserve 
space. Size-frequencies of prawns, stout whiting and red spot whiting (where there were 
sufficient numbers) were plotted and compared using two sample Kolmogoro�_-Smirnov 
tests ( p = 0.05). 

3. Results

Compared with their respective controls, both the 100 panel and 200 panel codends 
significantly reduced the weights of discarded by-catch (means reduced by 35.1 % and 
40.1 %, respectively) with no significant reduction in catches of prawns (Fig. 2(A,B) and 
Table I). The mean numbers and weights of discarded stout whiting were significantly 
reduced by 49.5% and 55.5% in the 100 panel codend, whilst the 200 panel codend 
reduced these amounts by 64.3% and 55.7%, respectively (Fig. 2(C,D) and Table 1). 
The mean numbers and weights of long-spined flathead were also reduced in the 100 
panel codend (by 33.2% and 36.1 %) and the 200 panel codend (by 59.3% and 46.7%) 
(Fig. 2(E) and Table 1 ). 

Comparing the two codends with the square-mesh panel showed a significant 
reduction in the numbers and weights of discarded stout whiting by the 100 panel 
codend (by 57.4% and 47.2%) (Fig. 2(C,D) and Table I).There were no other significant 
differences, although the mean weight of discarded by-catch and numbers of long-spined 
flathead were reduced by 20.0% and 34.4%, respectively. 

Compared with the 200 control, the 100 control significantly reduced the weight of 
by-catch (mean reduced by 40.1 %), the numbers and weights of discarded stout whiting 
(by 61.9% and 46.9%), the numbers and weights of Iong-spined flathead (by 62.7% and 
63.5%) and the numbers and weights of retained octopus (by 40.2% and 31.5%) (Fig. 
2(B-E,G) and Table I). There was no detectable difference in prawn catches between 
the two control codends (Fig. 2(A) and Table I). 

Two-sample Kolmogorov-Smirnov tests comparing the size-frequency distributions 
for prawns measured from each sample showed no diffyrences in the relative size-com
positions between any of the codends tested (Fig. 3). Significant differences were 
detected in the size-compositions of stout whiting between the codends tested (Fig. 4). 
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The 100 control codend caught proportionally more medium-sized stout whiting than the 
100 panel codend (Fig. 4(A)), while the 200 control caught proportionally more 
small-sized stout whiting than the 200 panel codend (Fig. 4(B)). Both the 200 control 
and the 200 panel codends retained proportionally more small-sized stout whiting than 
the 100 control and 100 panel, respectively (Fig. 4(C,D)). The size-frequency distribu-
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Fig. 2. Differences in mean catches± SE between each of the codends tested in the experiment: (A) the 
weights of prawns; (B) the weights of discarded by-catch; (C) the numbers of discarded stout whiting; (D) the 
weights of discarded stout whiting; (E) the numbers of long-spined flathead; (F) the numbers of discarded 
eastern blue spot flathead; (G) the numbers of retained octopus; (H) the numbers of discarded red spot whiting; 
(I) the numbers of discarded commercial species. • • Significant at p < 0.0 l; • significant at p < 0.05.
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tions for red spot whiting showed that the 200 panel codend retained significantly more 
small red spot whiting than the 100 panel codend (Fig. 4(E)). 

4. Discussion

The data presented here showed that both codends with the square-mesh panel were 
effective in allowing non-target species to escape continuously throughout the duration 
of towing, with no effect on the catches of prawns or commercial by-product. By 
comparing the control codends against one another and also against both codends with 
square-mesh panels, we have detected some possible influences on the escape of fish 
through these codends due to changes in the geometry of the codends and corresponding 
hydrodynamic forces. 

The results of the comparisons between codends with large and small circumferences 
showed that, compared with the 200 control, the I 00 control codend significantly 
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Table I 
Summaries of one-tailed paired 1-tests comparing different codends 

100 control vs. 200 control vs. 200 panel vs. 200 control vs. 
100 panel, 200 panel, 100 panel, I 00 control, 

p p p p 

Wt. of prawns 0.788 0.770 0.554 0.396 
Wt. of discarded by-catch 0.0007 0.0004 0.076 0.0005 

No. of retained octopus 0.598 0.573 0.178 0.015 

Wt. of retained octopus 0.304 0.833 0.607 0.017 

No. of discarded smooth bugs 0.681 0.249 0.162 0.655 
Wt. of discarded smooth bugs 0.733 0.199 0.340 0.154 
No. of discarded rsw 0.399 
Wt. of discarded rsw 0.612 
No. of discarded stout whiting 0.0002 0.002 0.033 0.004 

Wt. of discarded stout whiting 0.0002 0.001 0.040 0.003 

No. of discarded ebs 0.870 
Wt. of discarded ebs 0.885 
No. of long-spined flathead 0.025 0.007 0.114 0.011 

Wt. of long-spined flathead 0.007 0.021 0.203 0.027 

No. of discarded commercial spp. 0.236 0.164 0.553 0.572 

Significant p values are in bold type; (-) insufficient data; rsw, red spot whiting; ebs, eastern bluespot\ 
flathead; weights in kilograms. 

reduced the weights of by-catch (by 40.1 %), the numbers and weights of stout whiting 
(by 61.9% and 46.9%, respectively) and the numbers and weights of long-spined 
flathead (62.7% and 63.5%, respectively) (see Fig. 2 and Table I). These results confirm 
the findings of previous studies which have shown that reducing the circumference of a· 
codend made of diamond-shaped meshes increases the lateral openings of these meshes 
and so allows more fish to pass through the netting (Robertson and Stewart, 1988; 
Armstrong et al., 1990; Reeves et al., 1992; Galbraith et al., 1994). 

By adding a strategically placed square-mesh panel to these codends with large and 
small circumferences, we detected trends similar to those described above (i.e. a 
reduction in mean weights and numbers by the I 00 panel codend compared with the 200 
panel codend). However, for most variables these effects were much smaller than those 
detected for the codends without square-mesh panels, to the point where the differences� 
were statistically non-significant (see Table I). For example, compared with the 20()'. 
control, the I 00 control significantly reduced the mean weight of discarded by-catch and 
the numbers of long-spined flathead by 40. l % and 62.7%, respectively (see above). 
With the square-mesh panel in place, however, the mean differences between these two 
codends for these variables were only 20.0% and 34.4%, respectively (Fig. 2). If the 
selectivity of the posterior section of the 100 panel codend was similar to that of the 100_ 
control codend discussed above (i.e. meshes with large lateral openings), then small fish' 
entering the 100 panel codend probably escaped through the open square-meshes in the 
panel and the open diamond-meshes in the posterior section. However, because the, 
meshes in the posterior section of the 200 panel codend were probably closed, 
sufficiently more fish must have passed through its square-mesh panel to give the small 
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Fig. 3. Size-frequency distributions of king prawns, Penaeus plebejus, from (A) the 100 panel and 100 
control codends, and (B) the 100 control and 200 control codends. 

(and non-significant) differences detected between the I 00 and 200 panel codends. This 
effect may have been caused by a decrease in water flow towards the rear of this codend 
due to the closed meshes, and a corresponding increase in water flow out through the 
meshes ahead of this section (see als9 Watson, 1989). Such a water flow may have 
either actively assisted in the escape of. some free-swimming fish by directing them out 
through the strategically positioned 60 mm square mesh panel and/or stimulated their 
lateral line receptors which enhanced their overall escape response. 

Whilst this effect was evident for red spot whiting, long-spined flathead and the 
individuals of species comprising discarded by-catch, it did not occur for stout whiting, 
whose numbers were reduced by similar levels in codends with 100 and 200 meshes 
circumferences, irrespective of the pres'ence of a square-mesh panel (57.4% and 61.9%, 
respectively; Fig. 2). For this species, schooling density and abundance may have 
affected their escape through the squar�-mesh panels.That is, the large numbers of stout 
whiting encountered during each tow (approximately 1000 fish per net) were probably 
herded close together in the narrow anterior sections of both the 100 and 200 panel 
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Fig. 4. Size-frequency distributions of stout whiting, Sil/ago robusta, from: (A) the 100 control and 100 panel 
codends; (B) the 200 control and 200 panel codends; (C) the 100 panel and 200 panel codends; (D) the 100 
controi and 200 control codends. (E) Size-frequency distributions of red spot whiting, Sil/ago jlindersi, from 
the I 00 panel and 200 panel codends. 

codends, which may have upset the balance of the schools and initiated an escape 
response towards the sides and top of the net-prior to any effects of water flow further 
down the codend (see also Chapman, 1964). 

Although the results showed that both codends with square-mesh panels were 
effective in reducing the by-catch of non-target_ species, the panel was most effective 
when; used in conjunction with a codend of 100 meshes circumference. There were no 
significant differences in the mean weights or size-compositions of prawns caught in any 
of the codends (Figs. 2 and 3, and Table l) indicating that there appears to be little 
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advantage associated with a posterior circumference of 200 meshes in terms of enhanc
ing prawn catches. It may be possible, however, to further enhance the escape of 
unwanted fish by altering the design of the square-mesh panel. One possibility would be 
to extend the length of the 40 mm panel to the leading edge of the anterior section, 
thereby providing a greater area over which fish such as stout whiting may randomly 
escape. Whilst a concomitant increase in mesh size might further aid the escape of these 
fish, the size-compositions of stout whiting captured in the 100 panel and 200 panel 
codends and their respective controls suggests that the size of mesh used in this panel 
was effective in retaining fish of commercial size ( > 16 cm) (Fig. 4). Any increase in 
the size of mesh may result in the escape of these desirable individuals. 

In this study we have shown the potential of a new type of square-mesh panel in 
significantly reducing by-catch whilst quantifying the effects that codend circumference 
has on both the selectivity of conventional codends and the escape of fish through panels 
of square-mesh. In so doing, we have shown very different selectivity characteristics of 
these codends depending on the way the netting is configured (in both the presence and 
absence of square-mesh panels). Clearly, it is important to estimate the -selectivity 
parameters of alternative conventional codends ( with respect to their circumference, 
geometry and water flow) so that by-catch-reducing devices like square-mesh panels can 
be incorporated in the most effective way. 
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A framework for solving bycatch problems that involves a pairing of the different areas of 
expertise of scientists and fishermen is described. Initially, large-scale observer programs 
are used to identify and quantify bycatches and determine problems without relying on 
anecdotal information. These involve scientists collecting information at sea from normal 
commercial fishing operations and are a necessary prerequisite for any attempt to 
ameliorate bycatch problems. Once the species-specific distributions and abundances of 
bycatches are determined, manipulative experiments using chartered commercial fishing 
vessels doing controlled, replicated, paired comparisons are conducted to test gears 
modified for improved selectivity. For prawn trawl fisheries in Australia, modifications 
such as the Nordmore grid and square-mesh panels have been found to reduce the 
unwanted bycatch of small finfish while maintaining catches of prawns and other desired 
byproduct (slipper lobsters, squid, octopus, etc.). It is vital to involve fishermen in such 
work so that: (1) they are seen to be the driving force in addressing any conflicts that may 
come from their bycatches, (2) scientists can fully use industry's unique practical 
knowledge of the relevant fishing technology, and (3) solutions can be implemented into 
normal fishing operations quickly and, in some cases, voluntarily. The scientists' role is to 
organize, analyze, and disseminate the work, provide information on possible solutions 
through access to the international literature, and to ensure the scientific rigor of the 
experiments. In New South Wales (NSW), Australia, this framework and its inherent 
involvement of fishermen has led to a substantial improvement in solving bycatch problems 
in estuarine and oceanic prawn trawl fisheries. This has been achieved via the voluntary 
acceptance of modified trawl gears by industry and the consequent publicity. Possibilities 
for a similar approach to New England's trawl fisheries are discussed. 

A
s predicted some time ago, bycatch has 
become the fisheries issue of the 1990s 
(e.g. Klima 1993, Tillman 1993). This is 

. apparent not only from the number and frequency 
of bycatch conferences, but from the enormous 
concern and publicity that the issue has attracted 
from a wide variety of people and interest groups. 

Recently declining fish stocks in many of the 
world's fisheries has led to commercial and recre
ational fishermen, conservationists, environmen
talists, politicians, fisheries managers, and 
scientists all identifying bycatch as a key prob
lem and calling for ways to reduce it. Virtually 
all fisheries in the world have some bycatch 



122 

The problem: 

Widespread concern over bycatch of juvenile fish by prawn trawling 

1. Identify and quantify the problem through observer programs 

- � working with fishermen on typical fishing trips 

i 
2. Think of alternatives to solve the problem (i.e. reduce bycatch) 

- fishermen's ideas from their knowledge of the gear 

- scientists' ideas from other studies and the literature 

i 
3. Test these various ideas to Identify the best solutions

- � doing field experiments onboard fishermen's vessels 

- scientists analysing the data for the best solution 

- fishermen making it practical for their operations 

i 
4. Publicize the solutions to get voluntary adoption 

- scientists doing talks, videos, articles, papers for fishermen 
not directly involved in the tests 

- fishermen discussing and teaching each other how to use the 
new gear 

5. Publicize this adoption to those concerned 

- fishermen and � making the public aware of the solutions 
through the media 

6. and so reduce the concern of the public, solving the problem 

Figure 1. The framework used to address bycatch 
problems in the estuarine and oceanic 

prawn trawl fisheries in NSW, Australia. 

associated with them, but some types of fishing 
are recognized as having more bycatch than oth
ers; one of the most infamous being shrimp (or 
prawn) trawling. This type of fishing involves ves
sels pulling one or more nets made of small mesh 
over the bottom to catch the quite small, but very 
valuable, shrimp. Unfortunately, this practice 
usually results in the capture of most other or
ganisms in the path of the net, and often includes 
juvenile fish that, when larger, are targeted in 
other commercial and/or recreational fisheries. 
This bycatch has led to shrimp trawl fisheries at
tracting controversy from a variety of sources (in 
particular other commercial and recreational fish
ermen) for many years. 

In recent years, fishermen and scientists in 
some parts of the world have successfully solved 
some of these bycatch problems in shrimp fisher
ies. In considering the methods used in develop
ing these solutions, it quickly becomes apparent 

5.}. Kennelly & M.K. Broadhurst 

that a relatively simple and logical framework 
has been used which involves fishermen and sci
entists each applying their respective areas .of ex
pertise to the problem. In general, this framework 
involves identification and quantification ofthe 
relevant issue (via observer programs) and then 
solving the problem through modifications to 
commercial fishing gears and/or practices. 

In NSW, Australia, we have experienced
'. 

quite 
high-profile bycatch problems in our estuarine 
and oceanic prawn fisheries for many years (as 
far back as the late 19th century, Dannevig 1904, 
for review see Kennelly 1995). In the late 1980s 
these concerns reached a maximum and resulted 
in threats to close certain prawn fisheries to stop 
the bycatch of juvenile fish. At this time we dis
covered that, despite some anecdotal information, 
there were very little scientific data concerning 
this problem and so we began our study of this is
sue by following the framework outlined bel9w. 

THE FRAMEWORK USED IN NSW 

Observer Work 

Fig. 1 outlines the logic and framework used to 
address the problem concerning the bycatch of ju
venile fish in NSW's prawn trawl fisheries. The 
first step (and one of the most vital) was to identi
fy and quantify the problem. This involved deter
mining spatial and temporal variabilities in 
bycatches at a species-specific level, and could 
only be done by scientists recording such informa
tion onboard commercial vessels during normal 
fishing operations. Such data could not be collect
ed from information on landings, nor could we 
rely on fishermen to provide accurate data on dis
cards (it can be argued, in fact, that it is in fisher-
men's best interests not to provide such 
information). Therefore, the only way to obtain 
such information was for scientists (and/or scien
tific observers) to work alongside fishermen on 
their own vessels and to collect the data in situ by 
sorting, identifying, measuring, counting, and 
weighing the catches and bycatches from each 
tow. We began such an observer program in i989 
by going out on replicated, randomly selected ves
sels doing typical fishing trips in several estuar
ies and from several oceanic ports throughout 
NSW. 

During this stage of the work the fishermen 
and our scientists forged good working relation
ships that later proved vital in solving the identi
fied bycatch problems. These relationships did 
not arise out of port meetings, conferences, or 
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workshops (these occurred later), but were devel
oped on the back deck of many different trawlers, 
at sea, in rivers, during long days and nights, 
working alongside each other sorting catches 
from codends. Without working together in such 
an observer program, we would not have been in 
a position to solve bycatch problems for two major 
reasons: (1) we wouldn't have obtained the neces
sary data on bycatches which identified the par
ticular issues that required solving; and (2) we 
wouldn't have had the respect from industry that 
was needed to work with them on solutions. 

The data from the observer program led to 
quite uncompromising information on the by
catches of juvenile fish by the various prawn 
trawl fleets (Kennelly 1993, Kennelly et al. 1993, 
Liggins and Kennelly, 1996). For example, in the 
Clarence River estuarine fishery in 1991-1992, we 
estimated that in catching 270 t of prawns, this 
fishery discarded 123 t of bycatch, including ap
prox. 0.8 million individuals of the recreationally 
important yellowfin bream. In the oceanic fishery 
offshore from this river in the same year, we esti
mated that in catching 288 t of prawns, 4,022 t of 
bycatch was caught (including about 6 million red 
spot whiting). Of this bycatch, an estimated 725 t 
was landed for sale as byproduct (including vari
ous species of slipper lobsters, squid, octopus and 
large fish) while the remaining 3,297 t were dis
carded. 

This information was given to fishermen 
throughout NSW as reports on each fishery and 
discussed in various meetings. After some debate 
on the data, these meetings eventually led us and 
the fishermen to identifying the key bycatch prob
lems in some detail and allowed us to focus on 
possible solutions. In the above examples, the by
catch and discarding of large numbers of yellow
fin bream was clearly seen as a problem for the 
Clarence River estuarine fishery. For the Clar
ence River oceanic fishery, the bycatch of large 
numbers of small red spot whiting and other fin
fish was seen as a problem but, unlike the estua
rine fishery, any solution in this fishery needed to 
take account of the fishermen's desire to keep cer
tain species of bycatch for sale as byproduct. 

Alternative Solutions 

Developing alternative modifications to trawl 
gears to reduce unwanted bycatches in NSW was 
a joint exercise undertaken by scientists, fisher
men, and key net makers. The scientis.ts brought 
to the table information gleaned from other stud
ies, particularly from the scientific literature, 

conferences and workshops, and from liaising di
rectly with colleagues throughout the world. The 

. local fishermen and net makers from the Clar
ence River brought to the table their unique prac

: tical knowledge of their fishing gears, vessels, 
and grounds, and how various modifications may 
be applied in their operations. In this way we 

. could identify which modifications warranted fur
: ther consideration and field testing. 

Testing the Alternatives 

: After these discussions, we decided to test several 
kinds of square mesh panels and-Nordmore grids 
in these estuarine and oceanic fisheries via ma
nipulative experiments onboard chartered com
mercial vessels set up to trawl in the conventional 
way. The decision to use commercial vessels rath
er than research vessels to do this research was 

, important because: (1) it supplied us with a skip
: per and crew who possessed vital local knowledge 

of the conventional methods used and the prawn 
grounds in the test areas, (2) it supplied us with 
the control gears (conventional nets) against 
which we tested our modifications, and (3) it en
sured the involvement of the rest of the fleet who 
weren't chartered for the research because it was 
being done alongside them, in their grounds, us-

. ing similar gear and vessels. Details of these ex
periments are found in Broadhurst and Kennelly 
(1994, 1996), Broadhurst et al. (1996a, 1996b). In 
general, these experiments took the form of 
paired comparisons of modified nets with conven
tional nets and were analyzed using paired 
t-tests.

After preliminary trials, refinements to vari
, ous modifications, re-testing, refining again, re-
; testing, etc., we came up with a few modifications 
· that seemed to work quite well in the two fisher

ies. Because the targeted eastern school prawns
in the estuarine fishery were smaller than the by
catch to be excluded, we concluded that some type

. of Nordmore grid would be most suitable for this 
fishery (Fig. 2). For the oceanic fishery, we con-

, eluded that such grids were not appropriate be
cause the targeted eastern king prawns were 
much larger and the grids tended to exclude most 

, of the byproduct species (slipper lobsters, octopus, 
squid , larger fish, etc.) which the fishermen 
wished to retain. For this fishery we decided that 
some form of square mesh panel anterior to the 
codend might be suitable (Fig. 3); the theory be
ing that small fish could swim out of the codend 

· with the water flowing through the panel while
the less mobile prawns, slipper lobsters, squid,
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Figure 2. The Nordmore grid design tested in the 
Clarence River estuarine prawn trawl 
fishery. 

Figure 3. Diagrammatic representation of a modified 
codend incorporating a square mesh panel 
a� tested in the Clarence River oceanic 
prawn trawl fishery. T = transversals, B =
bars (from Broadhurst et al. 1996b). 

S.J. Kennelly & M.K. Broadhurst 

and octopus would go to the back of the codend. 
The sizes of fish excluded in this way could be se
lected by adjusting the mesh size in the square 
mesh panel . 

Examples of the results from the formal test
ing of these two alternatives are seen in Figs. 4 
and 5. The photographs in Fig. 4 show the strik
ing difference in bycatches that came from using 
the Nordmore grid in the Clarence River estuary. 
Similar results occurred from using a simple 
square mesh panel in the oceanic fishery. The 
graphs and analyses of the data from these trials 
(Fig. 5) confirmed the effects seen in the photo
graphs where the modifications greatly reduced 
bycatches, especially that of the unwanted-fish, 
while maintaining catches of prawns. 

Informing Other Fishermen of the Results 

While the graphs and analyses of the data from 
the above trials convinced us and other scientists 
of the usefulness of the modifications, it was the 
photographs (e.g. Fig. 4) and videos, and meet
ings between the scientists and chartered fisher
men that illustrated the success of these 
modifications to fishermen who were not directly 
involved in the research. We distributed the pho
tographs and videos to fishermen in the relevant 
ports and encouraged the circulation of the infor
mation to other ports. The fishermen involved in 
the trials discussed the modifications with other 
fishermen and assisted them in making and using 
the modifications. These new users then informed 
other users and before long, the majority of fish
ermen in the Clarence River estuarine and ocean
ic fisheries were using these gears and reducing 
their unwanted bycatches-all on a purely volun
tary basis, without any changes in regulations. 
News of these modifications spread to other fish
eries throughout NSW and Queensland, and sev
eral fishermen in these other ports are now also 
using these gears. We are recommending to fish
eries managers the legislative adoption of these 
modifications to ensure 100% compliance in these 
fisheries. Because of the voluntary acceptance of 
the new gears, we believe that this last step 
should be a relatively painless process. 

Informing the Public of the Solutions 

Unfortunately, the success outlined above of re
ducing bycatches is insufficient by itself to solve 
the overall bycatch problem. While this work has 
gone a long way in nullifying the problem of un
wanted bycatch, we haven't yet explained how we 
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Figure 4. 7wo examples of the catches from paired 
comparisons in the Clarence River estuarine 
prawn trawl fishery using a conventional 
codend (on the left) and one with a 
Nordmore grid (on the right). 

addressed the public concern over the issue. This 
could only be done by widespread publicity of the 
solution, its development, testing, and voluntary 
acceptance by fishermen to those most concerned 
with the issue. In our example, this was achieved 
by the fishermen and ourselves making presenta
tions to committees (representing other commer
cial and recreational fisheries) and releasing 
photographs, videos, interviews, etc. to the print, 
radio and television media. Armed with such evi
dence (in addition to the publication of the results 
in scientific journals), we were able to reduce per
ceived problems concerning this issue in these 
fisheries. This approach has led to a marked 
decrease in the conflict associated with bycatch in 
these fisheries and, in general, a more popular 
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Figure 5. Summaries of data (for weights of prawns 
and bycatch and numbers of key fish spe
cies) from comparisons of a codend with the 
Nordmore grid and a conventional codend 
in the Clarence River estuarine prawn trawl 
fishery and those from comparisons of a 
codend with the square mesh panel and a 
conventional codend in the Clarence River 
oceanic prawn trawl fishery. 

prawn trawl industry in the Clarence River 
region. 

POSSIBIUTIES FOR THE 

NORTHEASTERN UNITED STATES 

In an effort to apply this approach to similar by
catch problems in a completely different part of 
the world with very different fisheries, we consid
ered the trawl fisheries of the northeastern Unit
ed States. In examining these fisheries, we are 
struck by many similarities in the approach al
ready used by fishermen and scientists to solve 
bycatch problems. A large observer program has 
been running in this region's fisheries for the past 
six years (by Manomet Observatory under con-
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tract to the National Marine Fisheries Service) 
which forms the chief source of information on 
discards prerequisite to solving perceived prob
lems (Murawski et al. 1995). The data from this 
program identified problems in the bycatch from 
the oceanic shrimp fishery in the Gulf of Maine 
and, after a period of development by scientists 
and fishermen, a Nordmore grid system is now 
being used to reduce unwanted bycatches (Ken
ney et al. 1991, Richards and Hendrickson 1995). 
While the introduction of these grids into this 
fishery was not done voluntarily but was mandat
ed, there is now reasonable acceptance of the gear 
by fishermen. 

The groundfish trawl fisheries of the north
eastern United States have also attracted their 
share of attention with regard to their bycatch 
and subsequent discarding of other species and 
undersize individuals of target species. Prelimi
nary examination of the observer database for 
these trawlers from 1990 to 1994 is seen in Fig. 6 
which shows the average catch and discard rates 
per trawl hour of several important species in 
this region. The data come from groundfish trawl
ers sampled over a four year period and are ar
ranged according to the various statistical areas 
where there was sufficient sampling. The data 
show quite significant discarding rates of the five 
species shown, but these catch rates depend on 
the area in question. For example, quite large 
weights of the commercially and recreationally 
important lobsters were discarded from trawls 
done in area 539 Gust south of Rhode Island) 
while in other areas, a lower level of catch was 
observed with approximately similar weights of 
lobsters being discarded and retained. The dis
carding of haddock mainly occurred in areas 561 
and 562 (east of Georges Bank) and may have 
been due to 500 lb. catch limits being placed on 
the fishery in recent years. Yellowtail flounder ap
peared in catches throughout New England with 
fairly high levels of discarding evident. Scup (an 
important recreational species) was discarded in 
quite large quantities from trawls done in areas 
613 to 622 (from New York to Delaware) and the 
discarding of small weights of striped bass (an
other key recreational species) occurred in areas 
613 and 621. 

The levels of discarding described above clear
ly suggest some potential problems for these 
trawlers in terms of their bycatches and is also 
being manifested as substantial conflicts with 
other user groups. In particular, the discard of 
lobsters by trawlers has caused conflict with lob
ster trappers and the discarding of scup and 
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striped bass has caused some problems with rec
reational fishing groups. 

While the solutions to these problems for fish 
trawl gear may not be quite as simple as using 
Nordmore grids or simple square mesh panels in 
shrimp trawl gear, recent q.evelopments in sorting 
devices forfinfish and other species in fish trawl 
gear may provide some possible solutions. Such 
modifications as downward sorting grids and hor
izontal panels in nets have been shown to have 
great potential for reducing the bycatches of un
wanted species and unwanted sizes of certain 
species in groundfish trawls (Fig. 7, Isaksen 1994, 
Engas and West 1995). Together with scientists 
from the Marine Laboratory in Aberdeen, Scot
land , Institute of Marine Research in Norway, the 
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Figure 7. A finfish sorting grid (from Isaksen 1993, top) and a horizontal sorting device (from Engas and 
West 1995, bottom) being tested in Norway to separate different species and sizes of groundfish. 

Massachusetts Division of Marine Fisheries, and 
local fishermen, we plan to test the effectiveness 
of some of these designs in the groundfish trawl 
fisheries off the northeastem United States in the 
near future. Because of the existence of the large
scale, long term observer program, the most diffi
cult job in solving such bycatch proBlems is 
already in hand: (1) we already have good observ
er data that identifies and quantifies the prob
lems and, more important, (2) we have 
established a working environment with fisher
men that hopefully will enable such solutions to 
be found and eventually adopted. 
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Small Fish in the Clarence River Prawn-trawl Fishery, Australia 
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Abstract. Two experiments were done in the Clarence River prawn-trawl fishery that compared 
catches and by-catches from conventional trawls with those from rrn;,dified trawls containing rigid and 
flexible separator panels. The modifications included (I) a soft separator panel, the 'blubber-chutf (used 
commercially by fishers to exclude jellyfish), (2) the standard Nordm\'lre grid, containing a guiding 
panel, and ( 3) a modified Nordm\'lre grid that had no guiding panel but included a flexible cover of mesh 
lying semi-attached over the escape exit. In the first experiment, simultaneous paired comparisons 
among these designs and their controls showed that although all three modified trawls significantly 
reduced the by-catch of small fish by between 75% and 90%, the standard NordmS'lre grid was the only 
design that did not significantly reduce catches of prawns. In the second experiment, which compared 
this standard grid with the control during a period of flooding when;the by-catch of non-target species 
was quite high, the standard grid significantly reduced the by-catch of juvenile bream (Acanthopagrus

australis) (by 67%) with no significant reduction in catches of prawns. The potential for the Nordm\'lre 
grid to alleviate deleterious effects of prawn trawling in estuaries is discussed. 

Introduction 

Estuarine trawling for prawns occurs in five localities in 
New South Wales (NSW) and is valued at approximately 
$A7 million per annum (1990-91) (Pease and Scribner 
1993). As with most prawn-trawl fisheries, significant 
numbers of non-targeted organisms, or by-catch, are 
captured incidentally with the targeted prawns (for reviews, 
see Saila 1983; Andrew and Pepperell 1992; Kennelly 
1995). A recent three-year observer-based study that 
quantified the distributions and abundances of the key by
catch species throughout the prawn-trawl fisheries of NSW 
showed that despite large spatial and temporal variabilities 
in the by-catches of many species, some juveniles of 
commercially and recreationally important species were 
caught in  large numbers throughout entire trawling seasons 
(Kennelly 1993). In particular, prawn trawlers working in 
the Clarence River (Fig. 1) from October to May each year 
had mean estimated by-catches of up to 829000 bream 
(Acanthopagrus australis), 286000 sand whiting (Sillago
ciliata), 122000 tailor (Pomatomus saltator) and large 
numbers of several non-commercial species (Liggins and 
Kennelly 1996). 

The mortality of large numbers of these individuals raised 
concerns over the potential negative impacts of prawn 
trawling in this estuary on the recruitment, biomass and 
yield of stocks that fonn the basis of other target fisheries. 
These concerns resulted in the current investigation, which 
examines various modifications to trawls and trawling 
practices that minimize undesirable by-catches while 
maintaining catches of prawns. 

Several trawl fisheries throughout the world have 
alleviated problems of by-catch by modifying trawls to 

incorporate by-catch reduction devices (BRDs) (Christian 
and Harrington 1987; Averill 1989; Kendall 1990; Isaksen et

al. 1992; Rulifson et al. 1992). These studies have shown 
that the application of such modifications must be specific to 
individual fisheries and depends on several factors, 
inciuding the species to be excluded, the extent to which 
their behaviour is understood, the size of nets, methods of 
handling, and the location and type of trawl grounds. For 
example, because of the behavioural differences between 
some species of fish and prawns, it is possible to exclude 
small and/or fusiform species by using strategically placed 
escape wind�ws (e.g. Watson et al. 1986; Matsuoka and Kan 
1991; Broad�urst and Kennelly 1994, 1995). Alternatively, 
fisheries that seek to remove larger individuals from trawls, 
by physical separation, may incorporate some form of 
separator panel located anterior to the codend (e.g. Christian 
and Harrington 1987; Kendall 1990; Isaksen et al. 1992; 
Broadhurst et al. 1996). Such a panel may be made of 
flexible netting or a rigid grid. Although it is possible that 
several designs of BRDs may meet the specific criteria for 
any given fishery (including the ability to remove by-catch 
and maintain catches of target species), their ultimate 
acceptance by industry is determined by the extent to which 
they influence normal commercial operations (i.e. setting 
and retrieval of gears; see also Kendall I 990). 

BRDs are usually introduced to trawl fisheries as an input 
control to reduce the potential negative impacts associated 
with trawling and consequent conflict between different user 
groups (Watson et al. 1986; Kendall 1990; Rulifson et al.
1992). In some fisheries, however, they are an essential 
component of the trawl, used to remove organisms that 
would otherwise restrict trawling. For example, Clarence 
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River prawn trawlers routinely use a BRD designed 
specifically to exclude jellyfish ( Catostylus sp., which 
occurs in large densities at certain times and locations in the 

river). Commonly called 'blubber-chutes', these BRDs 
consist of a funnel of soft mesh inserted into the aft belly of 
the trawl. Organisms larger than the mesh in the blubber
chute are forced through an opening in the top of the trawl 
while prawns and smaller individuals pass through the 
blubber-chute mesh and into the codend. Evidence from the 
observer study suggested that this design of BRD may be 
effective in excluding some fish from the trawl, depending 
upon the size of mesh used (see Kennelly et al. 1992). 

Because the individuals comprising by-catch in the 

Clarence River are predominantly larger than the targeted 

prawns, separator panels that mechanically partition the 

catch may eliminate a large proportion of the by-catch in this 

fishery. A previous experiment examining the performance 

of several designs of modified codends (Broadhurst et al. 

1996) showed that a rigid separator panel, termed the 

Nordm!llre grid, significantly reduced the mean weight of 
by-catch by 77% with no effect on the catches of prawns; the 

rigid structure and fixed bar spacings of this design provided 
accurate size separation of individuals and we recommended 

that further research be done to develop this design for 

commercial application in the Clarence River. Of particular 

importance was to determine its performance across a range 

of conditions-especially during periods of flooding in the 

river over summer when catches and by-catches are much 

greater than at other times. 

To promote the acceptance of the Nordm!llre grid in this 

fishery and to quantify the performance of the commercially 

used blubber-chute in reducing the by-catch of small fish, 

the aims of the present study were (i) to assess the 
performance of two variations of the Nordm!llre grid and the 

blubber-chute in reducing by-catch in the Clarence River 

prawn-trawl fishery under normal commercial conditions, 

and (ii) to test the most appropriate design during a period of 

flooding in the river when the by-catch of fish is usually 
greater than at other times. 

Materials and Methods 

Two experiments were done, one each in Lake Woolooweyah and the 
Clarence River (Fig. I) in January and February 1995, using a commercial 
prawn trawler ( I 0 m) on established trawl grounds. Two florida flyer nets 
(mesh size 40 mm), each with a headline length of 7-32 m, were rigged in 
a standard twin-gear configuration (one on each side of the vessel) and 
towed at 2-5 kn. Both nets were rigged with z.ippers to facilitate changing 
of the codends (see Broadhurst et al. 1996). 

1:xperiment No. /: Comparison 1ifThree BRDs 

Three designs of BRDs and a control codend were constructed. The first 
design (the blubber-chute) had a panel of netting (mesh size 85 mm) sewn 
into a funnel (with an anterior circumference of 60 meshes) and attached lo 
the body of lhc ncl al the point where the net was 240 meshes in 
circumference (Fig. 2). The posterior point of this panel was attached 20 
meshes from the end of the codcnd. A 24-mcsh-long opening (termed the 
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Fig. 1. Clarence River and Lake Woolooweyah. 

escape exit) was cut in the codend immediately anterior to this point of 
attachment. The second and third designs (termed the standard and 
modified Nordm�re grids, respectively) comprised identical aluminium 
grids scaled to fit the net (Fig. 3; see also Isaksen et al. 1992). The standard 
Nordm�re grid was constructed with a guiding panel (40-mm mesh) (Fig. 
4a) that directed the catch to the bottom of the grid. The modified 
Nordm�re grid had no guiding panel but included a flexible cover of 40-mrn 
mesh hung loosely over the escape exit (Fig. 4b). This mesh was attached 
to the net only anteriorly and was free to lift open over the escape exit. We 
hypothesized that this modification would prevent prawns from escaping 
but still allow organisms larger than the bar spacings to escape from the 
trawl. The control codend was constructed from the same netting materials 
as those described above, but it included no BRD and had net extensions 
added to maintain the same length of trawl as each of the respective BRDs. 

All three designs were compared against each other and against their 
respective controls, with one of each being paired on each side of the twin
rigged gear (i.e. six separate paired comparisons). During eight days in the 
trawling season in Lake Woolooweyah, 15 replicate 30-min !OWS were 
completed for each paired comparison. The location of each tow was 
randomly selected from the available prawn-trawl locations that were 
possible under the particular conditions. Prior to the trials, each net was 
rigged with normal commercial codends to test that there were no 
differences in the fishing characteristics of each net. The position and order 

Blubber-chtite 

Fig. 2. Diagrammatic representation of the commercially used blubber-
chute and trawl. 
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Fig. 3. Aluminium grid used in the standard and modified Nordm�re 
grids. 

of the two Nordm�re grid designs was randomly determined. However, 

because the blubber-chute could not be easily removed from the net, all 

paired comparisons associated with this design involved alternating the 

blubber-chute between nets on different days. 

Experiment No. 2: Testing of a Standard Nordm(Jre Grid during a Flood 

In this experiment, the standard Nordm�re grid from Experiment No. I 

was tested against its control during a period of flood in the Clarence River 

when it was anticipated that amounts of by-catch would be large. The 

position and order of each codend was randomly determined and used in 

normal commercial tows of 30 min duration. Over three days, 14 replicate 

paired comparisons were completed. 

Data Collected from the Experiments 

After each tow in each experiment, the codends were emptied onto a 

partitioned tray. All organisms were sorted according to species. Data 

collected from each tow were: the total weight of prawns, the total weight of 
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Fig. 4. Diagrammatic representation of (a) the standard Nordm0re grid 
(side view) and (b) the mesh cover over the escape exit in the modified 
Nordm0rc grid (top view). T. transversals; N, normals. 
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by-catch, the weights. numbers and sizes of commercially and/or 
recreationally important species (to the nearest 0-5 cm), the numbers of non

commercial and/or non-recreational species, and the total numbers of non
commercial species in the assemblage. All prawns in a subsample of the total 
prawn catch from each tow (50 prawns from each net) were measured in the 
laboratory (to the nearest I mm carapace length). Several species were 
caught in sufficient quantities to provide meaningful analyses. These were 
eastern king prawns (Penaeus p/ebejus), school prawns (Metapenaeus 

macleayi), bream (Acanthopagrus australis), blue swimmer crabs (Portunus 

pelagicus), tarwhine (Rhabdosargus sarba), tailor (Pomatomus saltator), 
southern herring (Harengula abbreviata), pink-breasted siphon fish 

(Siphamia roseigaster), silver biddies (Gerres subfasciatus), trumpeter 
(?elates quadrilineatus) and catfish (Euristhmus /epturus). 

Data from all replicates that had sufficient ·numbers of each variable (i.e. 
>2 fish) for the paired comparisons between the BRDs and their controls
were analysed in one-tailed paired I-tests (testing the hypothesis that the
BRDs caught less than their controls), whereas the paired comparisons
between the various BRDs were analysed in two-tailed paired I-tests. Size
frequencies of prawns and bream were plotted and compared by two-sample

Kolmogorov-Smirnov tests (P = 0-05).

Results 

Experiment No. 1: Comparison of Three BRDs 

Compared with their respective controls, the blubber

chute and the standard and modified Nordm0re grids all 

significantly reduced the weights of total by-catch (by 75%, 

90% and 81·9%, respectively), the numbers and weights of 
blue swimmer crabs, and the numbers of southern herring 

and trumpeter (Figs Sb, Sc, Sf and Sh; Table 1). The blubber

chute significantly reduced the numbers of tarwhine (Fig. 

Sd; Table 1), both the blubber-chute and the modified 

Nordm0re grid significantly reduced the numbers of tailor 

(Fig. Se; Table 1) (there were insufficient tailor from the 
standard Nordm0re grid to enable statistical analyses), and 
the standard Nordm0re grid reduced the numbers of non

commercial species (Fig. Si; Table I). The standard 

Nordm0re grid showed no significant reduction in the mean 

catches of prawns, whereas the blubber-chute and the 
modified Nordm0re grid caught significantly fewer prawns 

than did their controls (means reduced by 13% and 11 ·5%, 
respectively) (Fig. Sa; Table 1). 

There were no significant differences between the 
blubber-chute and the modified Nordm0re grid for any of 
the variables tested (Fig. S; Table I). Compared with the 
other designs, the standard Nordm0re grid caught 

significantly less by-catch and fewer non-commercial 
species (Figs Sb and Si; Table l). The standard Nordm0re 

grid also caught significantly more prawns than the blubber
chute (Fig. 5a; Table I). 

Two-sample Kolmogorov-Smirnov tests comparing the 
size-frequency compositions of school prawns measured 
from each sample showed that the modified Nordm0re grid 

retained proportionally fewer large school prawns than did 
its control (Fig. 6a). The blubber-chute and the standard 
Nordm0re grid retained proportionally fewer large king 
prawns than did their respective controls (Figs 6h and 6c). 

The modified Nordm0re grid retained proportionally fewer 
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Fig. 5. Differences in mean catches (per 30-min tow; + s.e.) between the 

various modified codends and controls: weights of (a) prawns and (b) total 

by-catch; numbers of (c) blue swimmer crabs, (d) tarwhine, (e) tailor, 

(j) southern herring, (g) silver biddies, (h) trumpeter and (i) non-commercial 

species. Significance: ** P < 0-0 I; * P < 0-05. Ng, Nordm111re grid. 

large king prawns than did the ;standard Nordml?lre grid and 
proportionally fewer small ki�g prawns than the blubber
chute (Figs 6d and 6e). 

Experiment No. 2: Testing of a Standard Nordmf)re Grid 

during a Flood 

During a period of flooding in the Clarence River, the 
standard Nordm0re grid signifi�antly reduced the weights of 
total by-catch (mean weight reduced by 76%), the numbers 
and weights of bream (means reduced by 67% and 88%, 
respectively), and the numbers of southern herring (by 
73%), catfish (by 37%) and non-commercial species (Figs 
7b-7e; Table 2). This design had no significant effect on the 
weights of prawns, although the mean catch was 10% lower 
than that of the control (Fig. 7a; Table 2). 

Two-sample Kolmogorov-Smirnov tests comparing the 
size-frequency distributions for bream and school prawns 
showed that the standard Nordml?lre grid caught 
proportionally fewer large bream and fewer small- to 
medium-sized school prawns than did the control (Figs 8a

and 8b). 
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Fig. 6. Size-frequency compositions of school prawns from (a) the 

modified Nordm111re grid and control codend. Size-frequency compositions 
of king prawns from (b) the blubber-chute and control codend, (c) the 

standard Nordm111re grid and control codend, ( d) the modified and standard 

Nordm111re.grids, and (e) the modified Nordm!11re grid and the blubber-chute. 
Ng, Nordm!11re grid; n, total number of prawns measured. 

Discussion 

As in other papers (Kendall 1990; Isaksen et al. 1992), 
the results from this study have quantified the degree to 
w�ich trawls with separator panels reduce the by-catch of 
non-target species. By testing the blubber-chute and the two 
variations of the Nordml?lre grid against their respective 
controls and each other, the present study also showed the 
relative effectiveness of each of these designs in reducing 
the by-catch of small fish while maintaining catches of 
prawns under normal commercial conditions. 

Although all three designs tested in Experiment No. I 
significantly reduced total by-catch (means reduced by 
between 75% and 90%) and the numbers of small fish such 
as trumpeter and southern herring, the standard Nordm0re 
grid was the only design that did not significantly reduce 
catches of prawns (see also Isaksen et al. 1992). Compared 
with the other designs, this BRD also caught significantly 



Table 1. Summaries of one-tailed paired I-tests comparing BRDs against their controls and two-tailed paired I-tests comparing BRDs against each other In Experiment No. 1 

Blubber-chute v. 
control 

( one-tailed) 

p n 

Wt of prawns 0-017* 15 

Wt of total by-catch 0-0001 ** 15

Commercial by-catch 

Wt of blue swimmer crabs 0-0001** 15

No. of blue swimmer crabs 0-0001** 15

No. of tarwhine 0-032* 10 
No. of tailor 0-040* 10 

Non-commercial by-catch 

No. of southern herring 0-001** 15 

No. of pink-breasted siphon fish 0-323 14 
No. of silver biddies 
No. of trumpeter 0-040* 13 

No. of non-commercial species 0-091 15 

Ng, Nordm�re grid; n, number of replicates; **P < 0·01; *P < 0,05 

Standard Ng v. Modified Ng v. Blubber-chute v.

control control modified Ng 

( one-tailed) ( one-tailed) (two-tailed) 

p n p n p 

0-724 15 0-020* 15 0-088
0-0001** 15 0-0001** 15 0-504

0-0001** 15 0-0001** 15 0-154
0-0001** 15 0-0002** 15 0-842

0-508
0-020* 10 

0-0001 ** 14 0-0001** 15 0-072
0-725 15 0-089 15 0-121

0-138 11 0-076
0-0001** 12 0-049* 13 0-342
0·0001 ** 15 0-212 15 0-731

Table 2. Summaries of one-tailed paired I-tests comparing 
the standard Nordm!fre-grid and the control during a flood In 

experiment No. 2. 
Ng: N�rdm�re-grid; n, number of replicates; **P<0-01; * P<0-05

Standard Ng v. Control 
p n 

Wt of prawns 0-068 14 
Wt of total by-catch 0-0002** 14 

Commercial by-catch 

Wt of bream 0-004** 12 
No. of bream 0·011* 12 

Non-commercial by-catch 

No. of southern herring 0-005** 13 
No. of catfish 0-007** 14 
No. of non-commercial sp 0-003** 14 

n 

15 

15 

13 
13 
11 

15 
15 
14 
14 
15 

Blubber-chute v. Standard Ng v.

standard Ng modified Ng 

(two-tailed) (two-tailed) 

p n p n 

0-006** 15 0-953 15 
0-025* 15 0-027* 15 

0·061 12 0-127 10 
0-140 12 0-417 10 

0-652 15 0-984 14 
0-474 14 0·121 15 

0-412 10 
0-041* 15 0-0002** 15

0 

., 

'"O 

;;; 

Q' 
0 

5· 
O<I 

i 

(') 

'° 

'° 



996 

.E 

·o3

C 

Q) 
� 

... 

Q) 
.0 

:, 
C 
C 
<ll 
Q) 
� 

5000 

4000 

3000 

2000 

1000 

0 

6000 
5000 
4000 
3000 
2000 
1000 

0 

25 

20 

(a) 

i 
(b) 

** 

(c) 

* 

:: ;_:;:_-:·_;._:::_.::_::_;:_ .• . .... :irr:�r o-�----....... """""'-

140 
120 
100 

80 
60 
40 
20 

{o) 

0 ...._-"'"""'----""'='---

10 {e) 

� = ·-� 0 -'---""""""'"'----""""='--

Control Standard Ng 

Fig. 7. Differences in mean catches (per 30-min tow; + s.e.) between the 

standard Nordm�re grid and its control during a flood: weights of 

(a) prawns and (b) total by-catch; numbers of (c) bream, (d) southern

herring and (e) non-commercial species. Significance: **P < 0-01; 

*P < 0·05. Ng, Nordm�re grid. 

less by-catch and more prawns than the blubber-chute. 
These results support those from a previous experiment 
(Broadhurst et al. 1996) that assessed the performance of a 
design similar to the standard Nordm0re grid tested here 
(incorporating a guiding funnel instead of a guiding panel) 
and two BRDs with soft separator panels. In that paper it 

was concluded that, in addition to its prawn-retention 
characteristics, there were two reasons why the standard 
Nordm0re grid appeared to have the most potential for 
application in the Clarence River: firstly, the grid provided 
accurate size separation of individual species, increasing the 

likelihood of excluding individuals larger than a specified 
size, and secondly, the rigid shape and smooth contours of 
the grid appeared to exclude seaweed and debris more 
e ff ecti vel y. 
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Fig. 8. Size-frequency distributions of (a) bream and (b) school prawns 

from the standard Nordm�re grid and control codend tested in Experiment 

No. 2. n, total number of fish or prawns measured. 

At the end of each tow during Experiment No. 1 in Lake 
Woolooweyah, the standard Nordm9)re grid was observed to 
be relatively free of seaweed, whereas the blubber-chute and 
the modified Nordm9)re grid often had large quantities 
entangled between their meshes and bars respectively. This 
probably decreased the lateral openings between the me�hes 
and bars and contributed towards the escape of prawns from 
these BRDs. A possible explanation why the standard 
Nordm!l5re grid caught less seaweed and consequently more 
prawns is that the geometric angle and contours of 
the guiding panel rolled the seaweed into a ball before it 
reached the grid, facilitating its movement out through the 
e�cape hole. ,

The significant differences between the BRDs in the size 
compositions of king prawns captured during Experiment 
No. I (Fig. 6) suggest that some large king prawns may qave 
escaped through the BRDs, possibly owing to the effects of 
the large quantities of weed encountered during the tows 
(see above). Alternatively, these differences may be 
attributable to the different behaviours of king and school 
prawns. In a previous experiment (Broadhurst et al. 1996), 
when the codends were emptied onto the sorting tray Ring 
prawns appeared to be more active than school prawns, 
jumping and 'flipping' for up to a minute. It is possible that 
the king prawns captured during the present study were 
more active than school prawns in the trawl, to the extent 
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that some large individuals were able to 'flip' through the 
escape exits of the various BRDs. 

The results from Experiment No. 2 showed that during a 
flood in the Clarence River, the standard Nordm0re grid was 
�ffective in significantly reducing the weights of by-catch 
(mean weight reduced by 76%) and the numbers of small 
bream (by 67%) but, although not statistically significant, 
there was also a concomitant reduction in the catch of 
prawns (10% reduction in means; Fig. 8b). These results are 
comparable to those detected by Isaksen et al. (1992) in the 
Barents Sea, where the reduction of juveniles of individual 
by-catch species was around 50% with an associated prawn 
loss of 2-5%. The escape of the prawns from the grid during 
Experiment No. 2 in the present study may be explained by 
(i) the partial blocking of the grid due to the large quantities
of debris (sticks and logs), rubbish (plastic bags) and larger
organisms encountered during the tows (Broadhurst,
personal observations), or (ii) the continual impact of this
debris stretching the meshes surrounding the grid frame and
reducing the grid angle to less than 45% (see also Isaksen et

al. 1992). Although there is little that can be done to prevent
debris and rubbish from entering the trawl, use of a netting
of heavier ply may strengthen the position of the grid within
the trawl and help maintain the correct angle.
· These two experiments showed that rigid and flexible
separator panels (and especially the standard Nordm0re
grid) significantly reduced the by-catch of juveniles of
commercially important species in the Clarence River and
therefore may provide a way to reduce some of the impacts
that prawn trawling may have on subsequent stocks of by
catch species in this fishery. For example, Liggins and
Kennelly ( 1996) estimated that 829 000 bream (mean catch)
were captured by prawn trawlers working without BRDs in
Che Clarence River during the 1991-92 season. Combining
this figure with R. West's (personal communication)
estimate of instantaneous natural mortality (M = 0-3), their
age at legal size (5 years) and the assumption that all the
bream died as a result of capture, we calculated that these
829 000 bream caught in 1991-92 may have reduced the
total number of bream available to other commercial and
tecreational fisheries five years later by about 185000 fish.
If, however, all vessels had been fitted with standard
�ordm0re grids, this figure might have been reduced by
57% to about 6 I 000 fish, providing some 124000 additional
fish to these other fisheries. In the absence of reliable
estimates of natural mortality and the numbers of fish
surviving after trawling, such figures will, of course, be
questionable, but these calculations nevertheless illustrate
that the widespread use of designs like the Nordm0re grid
may increase the availability of species such as bream to
other commercial and recreational fisheries.

The experiments described in this study have resulted in 
the use of Nordm0rc grids by the majority of Clarence River 
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trawlers on a voluntary basis, in preference to the blubber
chute. These fishers concluded that, although the grid 
requires slightly more effort and skill in construction and 
deployment, the characteristics discussed above and the 
potential for increased trawling time compensate for any 
additional effort. 
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Abstract.-several bycatch-reduc
ing devices (BRD's) were compared for 
their effectiveness in reducing bycatch 
while maintaining catches of prawns in 
an estuarine prawn-trawl fishery in 
New South Wales (NSW), Australia. A 
solid separator-panel (the Nordm0re 
grid), a soft separator panel (the com
mercially used blubber chute), and four 
secondary BRD's (the fisheye, extended 
mesh funnel, Allerio Brothers ·grid, and 
square-mesh panel) each attached to a 
Nordm0re grid, were compared against 
each other in a series of paired compari
sons in the Hunter River prawn-trawl 
fishery. The results showed that the 
Nordm0re grid and all secondary BRD's 
caught less bycatch and more prawns 
than the commercially used blubber 
chute. Most bycatch seemed to escape 
with use of the Nordm0re grid, and 
there was no significant advantage in 
adding a secondary BRD to this design. 
The efficiency of the Nordm0re grid has 
led to its voluntary adoption by many 
commercial prawn-trawl fishermen 
throughout NSW estuaries. 

Manuscript accepted 15 November 1996. 
Fishery Bulletin 95:209-218 (1997). 
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In New South Wales (NSW), Aus
tralia, estuarine prawn-trawling 
occurs in five localities and is val
ued at approximately A$7 million 
per annum. Like the majority of the 
world's prawn-trawl fisheries, sig
nificant numbers of nontarget or
ganisms, or bycatch, are captured 
incidentally with targeted prawns 
(for reviews see Saila, 1983;Andrew 
and Pepperell, 1992; Alverson et al., 
1994; Kennelly, 1995). 

In recent years, bycatch from 
these fisheries has become of in
creasing concern to a broad cross 
section of the :fisheries community. 
As a result, a 3-yr observer-based 
study was undertaken from 1990 to 
1992 to quantify the distributions 
and abundances of bycatch species 
(Liggins and Kennelly, 1996; Ken
nelly1 ). The results from these stud
ies showed that, despite large spa
tial and temporal variabilities in the 
bycatches of many species, some 
juveniles of commercially and 
recreationally important species 
were caught in large numbers 
throughout the trawling seasons. 
The quantities involved raised con
cerns over the potential impacts of 
prawn-trawling on subsequent 

stocks of these species. These con
cerns led to the current investiga
tion, which examines various modi
fications to trawling gear and trawl
ing practices that minimize unde
sirable bycatches while maintaining 
catches of prawns. 

A number of recent attempts to 
exclude bycatch from prawn-trawls 
have concentrated on modifications 
that incorporate bycatch-reducing 
devices (BRD's) (Christian; and 
Harrington, 1987; Averill, i989; 
Kendall, 1990; Isaksen et al., 1992; 
Rulifson et al., 1992; Broadhurst et 
al., 1996). In previous experiments 
(Broadhurst and Kennelly, 1994, 
1995, 1996; Broadhurst et al., 1996) 
we showed that the successf'Q]. ap
plication of various BRD's is specific 
to individual fisheries and depends 
upon several factors, including the 
type of species to be excluded. Fur
ther, to promote acceptance by in
dustry, BRD's should be designed so 
that they do not adversely influence 
normal commercial operations. 

1 Kennelly, S. J. 1993. Study of the by
catch of the NSW east coast trawl fishery. 
Final rep. to the Fisheries Research and 
Development Cooperation. Project 88/ 
108, ISBN 0 7310 2096 0, 520 p. 



In .estuarine prawn-trawl fisheries in NS\\', many 
nf the individual fish in bycatch arc larger than the 
targeted prawns and include organisms such as jel
lyfish or jelly "blubber"-Catostylus spp. For the past 
:10 years, many of the estuarine prawn-trawlers in 
NSW have routinely used a BRD designed specifi
cally.to exclude these individuals. Commonly called 
"blubber-chutes," these BRD's consist of a funnel of 
soft mesh inserted into the aft belly of the trawl. 
Organisms larger than the mesh in the funnel are 
guided through an opening in the top of the trawl, 
while prawns and smaller individuals pass through 
the mesh i nto the codend (see Broadhurst and 
Kennelly, 1996). In the Hunter River (HR) prawn
trawl fishery (Fig. 1), the abundance of jellyfish 
means that commercial fishermen use blubber chutes 
throughout most of the trawling season. 

In a series of experiments that examined the per
formance of several types of BRD's (Broadhurst et 
al., 1996; Broadhurst and Kennelly, 1996), we showed 
that a rigid separator-panel (the Nordm0re grid) sig
nificantly reduced the mean weight of bycatch in two 
estuaries and had no effect on the catches of prawns. 
Compared with the commercially used blubber chute, 
the Nordm0re grid also retained significantly less 
bycatch but caught more prawns. 

Bycatch-reducing devices, such as the Nordm0re 
grid and the blubber chute, function by mechanically 
partitioning the catch according to size (see 
Broadhurst et al., 1996), and therefore are generally 
not as effective in excluding unwanted individuals 
that are of a similar size or that are smaller than the 
targeted prawns. Previous studies have shown, how
ever, that it may be possible to exclude these smaller 
indi�duals by exploiting behavioral differences be
tween some species of fish and prawns (Watson et 
al., 1986; Broadhurst and Kennelly, 1994, 1995; 
Broadhurst et al., 1996). For example, studies by 
Watson et al. (1993) in the Gulf of Mexico showed 
that small individuals of red snapper (Lutjanus 
,·ampechanus ), Atlantic croaker (Micropogon 
llndutatus ), Atlantic bumper ( Chloroscombrus 
·hrysurus) and whiting (Menticirrhus sp.) were pas
-;ively excluded from trawls by various BRD designs
.:ompzjsing strategically placed panels of netting and
,�scape exits. These designs were located posteriorly
· o a larger mechanical separating grid (designed to
•xclude turtles) and effectively functioned as second-
1ry BRD's.

It is apparent that several ortions exist for wc1_\·,; 
,f' exduding bycatch from prawn trawls. In the 
:iresent study we want(•d to determine which ofthesP 
. arious devices /i.e. t/H' Nord more grid, bluhh<'r 
·hute, or some type of s<ic<J1ldar_\· BRD, is most ap
:,ropriate for use• in th(· l!H pr;iwn-tniwl fish1•n· / )11r

Figure 

The location of the Hunter River in New South Wales. 

specific goals, therefore, were 1) to assess the perfor
mance of four secondary BRD's located behind the 
Nordm0re grid (including designs previously tested 
in the Gulf of Mexico by Watson et al., 1993) in re
ducing smaller unwanted individuals in the HR

prawn-trawl fishery; 2) to compare the two most ap
propriate secondary BRD's from 1) against a stan
dard Nordm0re grid and the commercially used blub
ber chute; and 3) to test a standard Nordm0re grid 
(with no secondary BRD) against the commercially 
used blubber chute. 

Materials and methods 

Two experiments were performed on commercial 
prawn-trawl grounds in the Hunter River (32°53'8, 
151 °45'E, Fig. 1), between November and December 
1995 with a chartered commercial prawn-trawler 
(12.72 m). Three Florida flyers (mesh size=40 mm), 
each with a headline length of 9.14 m, were rigged 
in a standard triple gear configuration (see Andrew 
et al., 1991, for details} and towed at 2 knots across 
a combination of sandy and muddy bottoms in depths 
ranging from 2 to 8 m. Each of th(' identical outside 
nets were rigged with zipp<·r:< to f°;i('ilitate changing 
the codends (sec Broadhurst <·t al.. 199GI. Because 
the middle net was not rigg(•d in an identical man
rwr to that us('d on Uw 11trl:<id1· 11,•t:<. its catch was 
,·xcluded from analysis. 

Th<' codends us(·d in Lh<· ('XJwr·rn11•r1t:< rnr•asur<·d f"i() 
::11·sft('s loni:: I'.! n1 ;rnd wr·r•· ,·,,n�! !'111'\1•rl fr()!Jl 40-
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Figure 2 

Diagram of the aluminum grid used in the Nordm0re grid 
pycatch-reducing device. dia. = diameter. 

mm netting. They comprised two panels. The ante
rior panel was 100 meshes in circumference, 25 
meshes in length, and constructed of 400/36 ply, UV
stabilized, high-density polyethylene twine. The pos
terior panel was 150 meshes in circumference, 25 
meshes in length, and constructed of 3-mm diam
eter braided polyethylene twine. Two standard 
Nordm0re grids (each measuring 600 x 400 mm and 
weighing 1.9 kg, Fig. 2) were constructed and located 
in 2-m extension pieces (made from 400/36 ply, UV-sta
bilized, high-density polyethylene twine, mesh size = 
40 nun) immediately anterior to each codend (Fig. 3A, 
see also Broadhurst and Kennelly, 1996, for details). 

Experiment 1 (comparison;s of secondary 
BRD:SJ 

Four designs of secondary BRD's were constructed 
and installed into the codends described above, be
hind the Nordm0re grids. The first design (termed 
the fisheye) consisted of a stainless steel pyramid
shaped frame inserted 12 me1?hes to the left of the 
center of the top anterior section of the codend (Fig. 
3B, see also Watson and Taylor2; Watson3). The sec
ond design (termed the squar;e-mesh panel) had a 
panel of 50-mm knotless netting, hung on the bar 
and inserted into the top anterior section of the 
codend (Fig. 3C). The third design (termed the ex-

2 Watson, J. W., and C. W. Taylor. 1996. Technical specifica
tions and minimum requirements for the extended funnel, ex
panded mesh and fisheye BRDs. Mississippi Laboratory, 
NMFS, NOAA, P.O. Drawer 1207, Pascagoula, MS 39567. 

3 Watson, J. W. 1996. Summay report on the status ofbycatch 
reduction devices development. Mississippi Laboratory, 
NMFS, NOAA, P.O. Drawer 1207, Pascagoula, MS 39567. 

tended mesh funnel or EMF) comprised a guiding 
funnel surrounded by larger square-shaped mesh (see 
Watson and Taylor2; Watson3) and was located in the 
anterior section of the codend (Fig. 3D). The fourth 
design (termed the Allerio Brothers grid, Watson4)

was constructed like the Nordm0re grid but included 
additional lateral fish escape windows posterior to 
the aluminium grid (Fig. 4). 

All four designs were compared agai_nst each other, 
one pair of each design on the outside nets of the 
triple-rigged gear (i.e. 6 separate paired compari
sons). The position and order of each secondary BRD 
was randomly determined, and during 6 days in the 
trawling season in the Hunter River, we completed 
a total of 12 replicate 30-min tows for each paired 
comparison. The location of each tow was randomly 
selected from the available prawn-trawl locations 
that were possible under the particular conditions. 
Prior to the trials, we rigged both nets with normal 
commercial codends to ensure that there were no 
differences in fishing characteristics. 

Experiment 2 (comparison of two secondary 
BRD:S, standard Nordm0re grid and blubber 
chute) 

In this experiment, the fisheye and EMF, each at
tached to a Nordm0re grid, were compared against a 
standard Nordm0re grid (with no secondary BRD) 
and the commercially used blubber chute. The stan
dard Nordm0re grid and blubber chute were also com
pared against each other (providing a total of five 

4 Watson;J. W. 1995. Mississippi Laboratory, NMFS, NOAA, 
P.O. Drawer, 1207, Pascagoula, MS 39567 . Personal commun. 
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A 

B C D 

Figure 3 
Diagrammatic representation of prawn-trawl and (A) Nordm0re grid, (B) fisheye, (C) square-mesh panel, and (D) 
extended mesh funnel (EMF) bycatch-reducing devices. T = transversals; B = bars; and N = normals. 

paired comparisons). The blubber chute comprised a 
panel of netting (36-ply, UV-stabilized, high-density 
polyethylene with a mesh size of 90 mm) sewn into a 
funnel (with an anterior circumference of 100 
meshes) located in a 2-m panel of mesh (mesh size of 
40 mm) measuring 150 meshes in circumference (see 
Broadhurst and Kennelly, 1996, for details). The pos
terior point of the blubber chute was attached five 
meshes from the end of the 2-m panel. A 30-mesh 
opening (termed the escape exit) was cut immedi
ately anterior to this point of attachment. 

As was the case for experiment 1, the position and 
order of each design was randomly determined and 
used in normal commercial tows of 30-min duration. 
Over 8 days, we completed a total of 23 replicate tows 
for each of the five paired comparisons. 

Data collected 

After each tow in each paired experiment, the two 
codends were emptied onto a partitioned tray. All 

organisms were sorted acicording to species. The fol
lowing data were collected from each tow: the total 
weight of prawns; the total weight of bycatch; the 
weights; numbers and sizes of commercially or 
recreationally (or both) important finfish (to the near
est 0.5 cm); the numbers of noncommercial or 
nonrecreational species; and the total numbers of 
non.commercial and com:rnercial species in the assem
blage. All prawns in a subsample of the total prawn 
catch from each tow in experiment 2 were measured 
in the laboratory (to the nearest 1-mm carapace 
length). Several species were caught in sufficient 
quantities to provide meaningful analyses. These were 
the commercially important school prawns (Meta
penaeus macleayi) and large tooth flounder (Pseudo
rhombus arsius) and the commercially unimportant 
fortesque (Centropogon australis), narrow banded sole 
(Synclidopus macleayanus), bridle goby <Arenigobius 
bifrenatus), and catfish (Euristhmus lepturus). 

Data from all replicates that had sufficient num
bers of each variable (defined as >2 fish in at least 8 
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Figure 4 

Diagrammatic representation of the Allerio Brothers grid. dia = diameter. 

replicates) in experiment 1 were analyzed by using 
two-tailed, paired t-tests. Because a previous experi
ment in the Clarence River prawn-trawl fishery 
showed that the Nordm11Sre grid caught more prawns 
than the blubber chute (Broadhurst and Kennelly, 
1996), in experiment 2 we tested the hypothesis that 
each of the three designs incorporating a N ordm!ISre 
grid caught more prawns but less bycatch than the 
commercially used blubber chute. These data were 
analyzed by using one-tailed paired t-tests. Size fre
quencies of prawns from experiment 2 were graphed 
and compared by using two-sample Kolmogorov
Smirnov tests (P=0.05).

Results 

Experiment 1 (comparisons of secondary 
BRD'.sJ 

Apart from a significant reduction in the number of 
noncommercial species caught as bycatch by the 
Allerio Brothers grid, compared with the number 

caught with the square-mesh panel, there were no 
other detectable differences between any· of the sec
ondary BRD's tested (Table 1). However, because 
previous studies in the Gulf of Mexico showed that 
the EMF and fisheye were most effective in exclud
ing small fish from the codend (Watson and Taylor2; 
Watson3), these. two designs were tested further in 
experiment 2. 

Experiment 2 (comparison of two secondary 
BRD'.s, standard Nordm0re grid and blubber 
chuteJ 

Compared with the commercially used blubber chute, 
the standard Nordm0re grid, EMF, and fisheye all 
significantly increased the weight of prawns caught 
(means increased by 24%, 41%, and 23%, respec
tively) and decreased the weight of total byca�h 
(means reduced by 58%, 45%, and 55%, respectively) 
and number of noncommercial species in bycatch: 
(F ig. 5, A, B, and H; Table 2). The fisheye also sig
nificantly reduced the mean number of catfish caught 
by 79.5% (there were insufficient catfish from the 
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Table 1 

Summaries of two-tailed paired t-tests in a series of comparisons of various secondary BRD's in experiment 1. ** = significant 
(P<0.01); * = significant (P<0.05); n = the number of replicates that had sufficient data available for analysis (i.e. >2 fish in 8 
replicates). 

Allerio Bros. vs. EMF Allerio Bros. vs. square-mesh Allerio Bros. vs. fisheye 

Paired t-value p n Paired t-value p n Paired t-value p n 

Wt. ofptawns --0.602 0.559 12 0.193 0.850 12 0.689 0.505 12 
Wt. of �ta! bycatch --0.967 0.354 12 -1.827 0.095 12 0.958 0.358 12 
No. offortesque 0.000 0.999 9 0.886 0.398 10 2.200 0.052 11 

No. of noncommercial sp. --0.860 0.407 12 -2.46 0.031* 12 -1.146 0.276 12 
No. of commercial sp. --0.232 0.821 12 1.517 0.157 12 -1.698 0.120 12 

Square-mesh vs. EMF Fisheye vs. square-mesh Fisheye vs. EMF 

Paired t-value p n Paired t-value p n Paired t-value p n 

Wt. of p�awns --0.225 0.826 12 -1.36 0.200 12 -1.795 0.100 12 
Wt. of total bycatch --0.318 0.756 12 -1.821 0.095 12 --0.513 0.618 12 
No. offortesque 0.808 0.440 10 --0.683 0.544 8 --0.455 0.659 10 
No. ofnoncommercial sp. 1.216 0.249 12 -1.431 0.180 12 -1.383 0.194 12 
No. of commercial sp. --0.890 0.392 12 --0.364 0.722 12 -1.190 0.256 12 

Table 2 

Summaries of one-tailed paired t-tests in a series of comparisons of various BRD's in experiment 2. Ng = Nordm0re grid. ** = 
significant (P<0.01); *=significant (P<0.05); n = the number of replicates that had sufficient data available for analysis (i.e. >2 
fish in 8 replicates). 

Standard Ng vs. blubber chute EMF vs. blubber chute Fisheye vs. blubber chute 

Paired t-value p n Paired t-value p n Paired t-value p n 

Wt. of prawns 2.864 0.004** 23 3.764 0.0005** 23 2.020 0.027* 23 
Wt. of to�l bycatch 3.515 0.001** 23 2.930 0.003** 23 3.306 0.002** 23 
Wt. of large tooth flounder 0.979 0.173 14 0.729 0.239 14 1.394 0.103 8 
No. oflarge tooth flounder 0.061 0.476 14 --0.879 0.802 14 0.747 0.239 8 
No. offortesque 0.286 0.389 19 -0.261 0.601 20 0.761 0.228 18 
No. of narrow banded sole 1.064 0.164 8 1.440 0.090 10 
No. of bridled goby --0.414 0.654 8 -0.078 0.531 11 

No. of catfish 3.490 0.003** 10 
No. of noncommercial sp. 2.626 0.007** 23 2.040 0.026* 23 1.931 0.033* 22 
No. of commercial sp. -1.190 0.876 23 0.080 0.500 23 0.282 0.390 23 

Standard Ng vs. fisheye Standard Ng vs. EMF 

Paired t-value p n Paired t-value p n 

Wt. of prawns 0.618 0.271 23 -1.418 0.914 23 
Wt. of total bycatch 0.721 0.239 23 0.512 0.307 23 
Wt. of large tooth flounder 0.410 0.346 9 -0.507 0.689 13 
No. oflarge tooth flounder 1.835 0.052 9 -0.456 0.672 13 
No. offortesque -0.647 0.736 16 -0.128 0.449 19 
No. of narrow banded sole --0.147 0.556 9 0.741 0.241 8 
No. of bridled goby 3.468 0.004** 8 
No. of catfish 
No. ofnoncommercial sp. 0.530 0.300 23 2.688 0.007* 23 
No. of commercial sp. 1.156 0.130 23 0.755 0.229 23 
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Differences in mean catch(± SE) between the various designs of(A) 
the weight of prawns (Metapenaeus macleayi), (B) the weight of to
tal bycatch, (C) the number of large tooth flounder (Pseudorhombus
arsius), (D) the number of fortesque (Centropogon australis), (E) 

the number of narrow banded sole (Synclidopus macleayanus), (F) 
the number of bridle goby (Arenigobius bifrenatus), (G) the number 
of catfish (Euristhmus lepturus), (H) the number of noncommercial 
species, and (I) the number of commercial species. * = P<0.05; ** = 
P<0.01. rg = Nordmore grid; EMF= extended mesh funnel. 
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standard Nordm0re grid and EMF for meaningful 
analyses) (Fig. 5G; Table 2). There were no signifi
cant differences detected between the standard 
Nordm0re grid and fisheye, whereas the EMF caught 
significantly fewer bridled gobies and noncommer
cial species than did the standard N ordm0re grid 
(Fig. 5, F and H; Table 2). 

Two sample Kolmogorov-Smirnov tests comparing 
the size-frequency distributions for school prawns 
showed that, apart from a significant difference be
tween the standard Nordm0re grid and the EMF (Fig. 
6E), there were no other differences in the relative 
size-compositions between any of the cod ends tested 
in experiment 2. 
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Figure 5 (continued) 

Discussion 

This study has confirmed the effectiveness of the 
Nordm0re grid in reducing bycatch while maximiz
ing catches of prawns in NSW estuarine prawn-trawl 
fisheries (see also Broadhurst and Kennelly, 1996; 
Broadhurst et al., 1996). By comparing several sec
ondary BRD's attached to a Nordm0re grid, we have 
also provided information on the relative effective
ness of these designs and their suitability in the HR 
prawn-trawl fishery. 

The results from experiment 1 showed that apart 
from a significant reduction in the number of non
commercial species with the Allerio Brothers grid, 
compared with the square-mesh panel, there were 
no detectable differences in the relative performance 
of any of the secondary BRD's tested (Table 1). 

Compared with the commercially used blubber 
chute, all three designs incorporating Nordm0re grids 

in experiment 2 (the standard Nordm0re grid and 
the Nordm0re grid incorporating the EMF and 
fisheye) significantly increased the catches of prawns 
(by 24%, 41 %, and 23%, respectively) while signifi
cantly reducing the total bycatch (by 58%, 45%, and 
55%, respectively) (Fig. 5; T�ble 2). In earlier papers 
(Broadhurst and Kennelly, 1996; Broadhurst et al., 
1996), we concluded that the prawn-retention char
acteristics of the Nordm0re grid were attributed to 
its ability to remove seaweed and debris more effec
tively. In the present study we observed that, at the 
end of each tow, those designs incorporating the 
Nordm0re grid were observed to be relatively free of 
seaweed and debris, whereas the blubber chute of
ten had large quantities entangled between the 
meshes, which may have decreased the lateral open
ings between the meshes in the blubber chute and 
contributed towards the escape of prawns with this 
design . Further, because Kolmogorov-Smirnov tests 
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Size-frequency distributions of school prawns (Metapenaeus macleayi)
caught with (A) the standard Nordm0re grid and blubber chute, (B) the 
extended mesh funnel and blubber chute, (C) the fisheye and blubber chute, 
(D) the standard Nordm0re grid and fisheye, and (E) the standard
Nordm0re grid and extended mesh fun�el.
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on the size-frequency compositions of school prawns 
failed to detect any difference between the standard 
Nordm0re grid and the blubber chute (Fig. 6A), such 
escapees were probably of all sizes. Another hypoth

esis to explain the loss of prawns from the blubber 
chute is that some prawns became entangled within 

the tentacles and large subumbrella of captured jelly 
fish and were directed, along with the jellyfish, out 
through the escape exit. In contrast, the long guid
ing panel and smooth contours of the Nordm0re grid 

may have allowed the prawns to detach from the jel
lyfish and thus enabled them to pass into the codend. 

Apart from a significant reduction in the numbers 

of bridle goby and noncommercial species caught by 

the EMF compared with the number caught by the 
standard Nordm0re grid in experiment 2, there were 
no other significant differences between the relative 
performance of the secondary BRD's and the stan
dard Nordm0re grid (Fig. 5; Table 2). Given these 
results, therefore, it is likely that most of the fish 



218 

escaped at the standard Nordm0re grid. While the 
relatively small bar spacings (20 mm) may have been 
sufficient to exclude a large number of individuals 
simply because of their size, it is also possible that 
smaller fish were able to escape passively. For ex
ample, in a pr�vious paper (Broadhurst et al. , 1996) 
we provided· evidence that some small bream 
(Acanthopagrus australis) detected the grid in ad
vance (either visually or by means of their lateral 
lines). These fish may have then orientated away 
from the grid into an area of reduced water flow be
hind the guiding panel. The geometric attitude of the 
grid possibly directed some of these fish out of the 
codend without mechanical separation through the 
bars. 

Whatever the mechanism of escape, we conclude 
that, given the effectiveness of the Nordm0re grid in 
excluding larg.e quantities of bycatch, there appears 
to be little advantage in attaching secondary BRD's 
behind grids in the HR prawn-trawl fishery. Because 
of this, the additional labor and time involved in the 
manufacture, maintenance, and.deployment of these 
secondary BRDs is clearly unwarranted. 

Like several recent studies, this study has shown 
that there is great utility for the Nordm0re grid in 
many of NSW -estuarine prawn-trawl fisheries. The 
increases in prawn catches and reductions in bycatch 
shown in our work in these fisheries have already 
led many commercial fishermen to use the standard 
Nordm0re grid in preference to the traditional blub
ber chute. Such independent and voluntary adoption 
of the Nordm0re grid by industry may eventually lead 
to further refinements in design and should facili
tate widespread acceptance of this bycatch-reduction 
gear throughQut most of NSW's estuarine prawn
trawl fisheries. 
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Abstract . ...Jfhe effectiveness of a 
new bycatch reduction device (BRD) 
was tested across a wide geographical 
range to determine its use in the NSW 
oceanic prawn-trawl fishery. Using four 
commercial trawlers, each from a dif
ferent port located in the fishery, we 
compared the catches and bycatches 
from conventional trawls with those 
from trawls containing composite pan
els of netting(60 mm and 40 mm) hung 
on the bar and inserted into the top 
anterior section of the codend (termed 
the composite-panel codend). This 
panel was designed so that the 40-mm 
mesh 1) would allow some small fish to 
escape and 2) would distribute the load 

anterior and lateral to the 60-mm mesh 
(which was located in an area where 
waterflow was thought to be greatest), 
allowing the 60-mm mesh to remain 
open and thus facilitate the removal of 
larger fish. Simultaneous comparisons 
against a control codend showed that 
the composite-panel codend signifi
cantly reduced the weights of discarded 
bycatch at all four locations (means re
duced by 23.5% to 41%) and the num
bers of juveniles of commercially impor
tant species, such as whiting, Sillago 

sp. (by up to 70%). At three of the loca
tions the composite-panel significantly 
increased the catches of the prawn 
Penaeus plebejus (5.5% to 14%) and, 
although not statistically significant, 
showed a similar trend at the fourth 
location (mean increase of 4%). As a 
result of this study, the composite-panel 
codend has been adopted and voluntar
ily used by fishermen throughout the 
New South Wales oceanic prawn-trawl 
fishery. 
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unwanted bycatch and increasing 
catches of prawns througho"1t the 
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In New South Wales (NSW), Aus
tralia, oceanic prawn-trawling in
volves over 300 vessels operating 
from 11 major ports along 1,000 km 
of coastline and is valued at ap
proximately A$17 million per an
num. Vessels operating in this fish
ery primarily target the eastern king 
prawn, Penaeus plebejus, although a 
significant portion of the total value 
in the fishery is derived from the 
sale of legally retained bycatch 
( termed "by-product")-comprising 
several species of fish, crustaceans, 
and cephalopods. As in the major
ity of the world's prawn-trawl fish
eries, however, significant numbers 
of non target organisms are also cap
tured and discarded in this fishery 
(for reviews see Saila, 1983;Andrew 
and Pepperell, 1992; Alverson et al., 
1994; Kennelly, 1995). Jn NSW, this 
discarded bycatch includes indi
viduals of byproduct species that 
are smaller than the minimum com
mercial size and a large assemblage 
of noncommercial species (see 
Kennelly, 1995). 

Unwanted bycatch has been re
duced in several of the world's prawn
trawl fisheries by means of modifica
tions to codends that contain bycatch 
reduction devices (BRD's) (e.g. Wa
tson et al., 1986; Matsuoka and Kan, 
1991; Isaksen et al., 1992; Rulifson 

et al., 1992; Renaud et al., 1993; 
Christian and Harrington1 ). In gen
eral, these modifications have in
volved either 1) some form of rigid 
structure that functions by me
chanically separating larger un
wanted individuals or 2) a strategi
cally placed escape "window" made 
of netting that works by exploiting 
behavioral differences between 
prawns and smaller finfish. Al
though many of these modifications 
have proven effective in reducing 
bycatch from prawn trawls, some
times they have not been favored by 
commercial fishermen (see Kendall, 
1990; Renaud et al., 1993) because 
of their size (in relation to the 
codend), their often complex design 
(e.g. Mounsey et al., 1995), and, in 
some cases, their failure to main
tain prawn catches at the same lev
els as conventional trawls (e.g. 
Rulifson et al., 1992; Robins
Troeger et al., 1995; Christian and 
Harrington 1 ).

One modification that has been 
successfully tested and adopted in 

1 Christian, P., and D. Harrington.
1987. Loggerhead turtle, finfish and 
shrimp retention studies on four excluder 
devices (TEDs). In Proceedings of the 
nongame and endangered wildlife sympo
sium; 8-10 September 1987, Georgia, p. 
114-127. Dep. Nat. Resources, Social
Circle, GA.



sever,il t.rawl fisheries in the North Atlantic involves 
inserting large panels of square-mesh in codends 
(Robertson and Stewart, 1988; Carr, 1989; Briggs, 
1992; Isaksen and Valdermarsen2; Suuronen3 ).

These studies have shown that square-mesh panels 
often reduce the bycatch of juvenile roundfish while 
retaining a large proportion of the targeted catch. In 
previous experiments (Broadhurst and Kennelly, 
1994, 1995, 1996; Broadhurst et al., 1996), we have 
shown that relatively small panels of square-mesh, 
inserted into the top anterior sections of penaeid 
prawn-trawl codends, allowed large numbers of small 
fish to escape without any losses of prawns. In these 
experiments, the majority of fish were thought to 
have been herded together in the narrow anterior 
section of the codend, immediately in front of the 
catch (see also Wardle, 1983). This concentration of 
fish was thought to upset the balance of the school 
and to initiate a response in the fish to escape by 
swimming towards the sides and top of the net and 
out through the open square-meshes. In addition, we 
showed that codend circumference and differences 
in hydrodynamic pressure had significant effects on 
the rates of movement of these fish through the 
square-mesh panel. The reaction of prawns to these 
stimuli was considered to be fairly limited, given their 
inability to maintain an escape response to trawls 
(see Lochhead, 1961; Main and Sangster, 1985). 

In a recent experiment (Broadhurst and Kennelly, 
1996) in one location in NSW, we tested a new de
sign of codend, comprising composite panels of 
square-shaped mesh (referred to as the composite
panel codend), designed for and located in the codend, 
to take advantage of the theory discussed above. The 
results showed that this design was effective in re
ducing up to 40% of the total unwanted bycatch and 

2 Isaksen, B., and J. W. Valdemarsen. 1986. Selectivity experi
ments with square mesh codends in bottom trawl. Int. Coun. 
Explor. Sea council meeting 1986/B: 28, 18 p. 

3 Suuronen, P. 1990. P re liminary trials with a square mesh
codend in herring trawls. Int. Coun. Explor. Sea, council meet
ing 1990/B: 28, 14 p. 

up Lo 7011; of" Lhe numbers of juveniles of commer
cially imporLanL species wiLh no significant reduc
tion in the catches of prawns and other commercially 
important species.A!Lhough noL validated statistically, 
there was also some evidence to suggest that the trawls 
with the composite square-mesh panel retained, on 
average, slightly more prawns than a conventional 
trawl (means increased by up to 3%). This latter re
sult, in particular, led numerous local fishermen to in
stall the composite-panel voluntarily in their trawls and 
use it as part of normal commercial operations. 

To assess the performance of this design through
out the full geographic range of this fishery (encom
passing the range of fishing conditions and catches) 
and to promote its voluntary acceptance, our specific 
goals in the present study were to investigate the 
effectiveness of the composite-panel under normal 
commercial operations at four major ports along the 
NSW coast in 1) reducing unwanted bycatch, 2) main
taining catches of commercially important byproduct, 
and 3) increasing catches of prawns. 

Materials and methods 

This study was performed between December 1995 
and February 1996 with four commercial vessels (see 
Table 1 for details) on prawn-trawl grounds offshore 
from four ports (Port Stephens, Southwest Rocks, 
Yamba, and Ballina) in New South Wales, Australia 
(Fig. 1). Each vessel was rigged with three Florida 
flyers (mesh size=42 mm) in a standard triple gear 
configuration (see Kennelly et al., 1993 for details), 
towed at 2.5 knots. Each of the identical outside nets 
on each vessel were rigged with zippers (no. 10 ny
lon open-ended auto-lock plastic slides) to facilitate 
removal and attachment of the codends. Because each 
of the middle nets were not rigged in exactly the same 
way as the outside nets, their catches were excluded 
from any analysis. 

The codends used in the study measured 58 meshes 
. long (2.3 m) and were constructed from 40-mm mesh 

Table 1 

Port 

l'ort St<·ph,•ns 

Southw<,sl l{ocks 

Yarnli;1 

liall in;, 

Summary of vessels, trawl headline lengths, and depths trawled for each of the four ports. 

V<,ss<·I and I length in ml 

Shel/ev-1\11!11' I I ;i_ 7 J 

l,-A1or.�() 1 1r,.9:�> 

.\',,,c :\1 f//1,n 1 ] K.G J 

Trawl lwadlin(• 
length for (';H·h rwt Im 1 

11;r, 

10.\)7 

ll ,-; 

I-! 1;:,, 

Depth trawled (m! 

7G-88 

47-53

:.w ,rn 
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Figure 1 

Map of New South Wales showing locations of the four ports 
that were sampled (Ballina, Yamba, Southwest Rocks, and Port 
Stephens). 

netting and 48-ply twine (Fig. 2). They comprised 
two sections: the anterior section was 100 meshes in 
circumference, 33 meshes in length, and attached to 
a zipper; the posterior section was 150 meshes in cir
cumference and 25 meshes in length. Two designs of 
codend were con;ipared. The control codend was made 
entirely of diamond-shaped meshes (Fig. 2A). The 
second codend (termed the composite-panel codend) 
was similar to the control but had composite panels 
made of 60-mm and 40-mm netting cut on the bar 
and inserted into the top of the anterior section (Fig. 
2B-see also Broadhurst and Kennelly, 1996). The 
composite-panel codend was designed so that the load 
was distributed anteriorly and laterally to the panel 
of 60-mm square-mesh, allowing this 60-mm panel 
to remain open. We predicted that 1) large numbers 
of fish would escape through this panel, located at 
the point where waterflow was thought to be great-

est and that 2) in addition to reducing load on the 
60-mm panel, the 40-mm square-mesh would also
facilitate the escape of smaller fish.

The two codends were compared with each other 
in independent, paired trials, with the two outside 
nets of each vessel at each location. The codends were 
used in normal commercial tows of 90-min duration 
and alternated after each shot (to eliminate biases 
between different trawls and sides of the vessels). 
Because some significant effects of a delay in haul
back (the period between slowing the vessel and en
gaging the winch to haul the trawl) were detected in 
a previous experiment (Broadhursfet al., 1996), all 
tows were performed with no delay in haulback. The 
location of each tow was randomly selected from the 
available prawn-trawl locations that were possible 
under the fishing conditions. During a period of four 
nights at locations offshore from each of the four 
ports, we completed a total of 16 replicate tows (i.e. 
four separate paired comparisons of16 replicate tows 
each throughout the fishery). 

After each tow, the two codends were emptied onto 
a partitioned tray. Prawns and all commercially im
portant species larger than the minimum legal size 
(retained commercials) were separated. The remain
ing bycatch (termed "discarded by-catch") was then 
sorted. This included individuals of commercially 
important species that were smaller than the mini
mum legal size ("discarded commercials"). Data col
lected from each tow were as follows: the total weight 
of king prawns and a subsample (50 prawns from 
each codend) of their sizes (to the nearest 1-mm cara
pace length); the weight of the discarded bycatch; 
the weights, numbers, and sizes (to the nearest 0.5 cm) 
of retained and discarded commercial species; the 
weights and the numbers of the most commonly oc
curring noncommercial species; and the total num
bers of discarded commercial species. Several spe
cies (commercial and noncommercial) were caught 
in sufficient numbers to enable meaningful compari
sons (see Table 2). 

Data at each port for all replicates that had suffi
cient numbers of each variable (defined as >2 indi
viduals in at least 8 replicates) were analyzed with 
one-tailed, paired t-tests (i.e. four separate analyses). 
Because a previous experiment had shown that 
trawls with the composite-panel have the potential 
to retain more prawns than conventional trawls 
(Broadhurst and Kennelly, 1996), we tested the hy
pothesis that the composite-panel codend caught 
more prawns but less total bycatch than the control 
codend. Where analyses provided similar results for 
weights and numbers of taxa, only data about num
bers were included in the figures to conserve space. 
Size frequencies of prawns, as well as discarded stout 
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40-mm diamond

mesh 

,14-1----1-- 40-mm mesh 

on the bar 

LMtt---t-<H'-t- 60-mm mesh · -

on the bar 

Figure 2 

Diagrammatic representation of(A) the control codend and (B) the composite-panel codend. 
T = transversals; B = bars; and N = normals. 

whiting, red spot whiting, and retained ;red mullet 
(where there were sufficient numbers) were plotted 
for each port and compared with two-sample 
Kolmogorov-Smimov tests (P=0.05). 

Results 

Compared with the control codend, the composite
panel codend significantly reduced the weights of 
discarded bycatch (means reduced from 23.5% to 
41 %) at all four ports and significantly increased the 
catches of prawns at Port Stephens, Yamba, and 
Ballina (means increased by 14%, 5.5%, and 6%, re
spectively) (Fig. 3,A and B; Table 3). Although not to 
a significant degree (4%), the composite-panel codend 
used at Southwest Rocks also retained, on average, 
more prawns than the control codend (Fig. 3A). There 
were no significant reductions detected in the num
bers and weights of commercial species retained by 

the composite-panel codend at any of the four ports 
(Fig. 3; Table 3). 

The mean numbers and weights of discarded red 
spot whiting and stout whiting were reduced by the 
composite-panel codend at all locations where there 
were sufficient numbers to enable meaningful analy
sis (means reduced by up to 73%) (Fig. 3, F-G; Table 

· 3). At Port Stephens, the composite-panel codend sig
nificantly reduced the numbers and weights of dis
cardedjohn dory (by 50% and 57%, respectively) and 
blackeyes (by 45%) (Fig. 3, Hand M; Table 3). There 
was a significant reduction in the numbers and 
weights of flutefish at Southwest Rocks (by 37% and 
34%, respectively) and in the numbers and weights 
of red bigeye at Yamba (by 38.5% and 44%, respec
tively) and Ballina (by 35%) (Fig. 3, Land K; Table 3). 
There was also a significant reduction in the numbers 
and weights ofleatherjacket (by 17% and 31 %, respec
tively) and gurnard (by 41.5%) with the composite-panel 
codend at Ballina (Fig. 3, J and N; Table 3). 
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Figure 3 

Differences in mean catches (± SE) between the control and composite-panel codends at 

each of the four ports: the weights of (A) prawns and (B) discarded bycatch; and the num
bers of {C) retained octopus, (D) retained red mullet, (E) retained red spot whiting, (F) dis

carded red spot whiting, (G) discarded stout whiting, (H) discarded john dory, (I) discarded 

eastern blue spot flathead, (J) discarded leather jacket, (K) discarded red bigeye, (L) discarded 

flute fish, (M) discarded blackeyes, and (N) discarded gurnard. **=significant (P<0.01); * = 
significant (P<0.05); PS= Port Stephens ; SWR = Southwest Rocks; Y = Yamba; and B = Ballina. 

'I\vo-sample Kolmogorov-Smirnov tests, comparing 
the size-frequency distributions for prawns, discarded 
red spot whiting, and retained red mullet measured 

from each sample at each site showed no differences in 
the relative size compositions of fish retained by the 
two codends (Figs. 4, 5, and 6C). There were no signifi-
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Table 2 
List of species caught in sufficient

_
quantities to permit analyses. 

Scientific name 

Penaeus plebejus 
Octopus spp. 

Sepia spp. 

Sepioteuthis australia 

lbacus sp. 

Pecten fumatus 

Upeneichthys lineates 

Sillago (Zindersi 

Sillago robusta 

Zeus faber 

1 Denotes noncommercial species 

Common name 

eastern king prawn 

octopus 

cuttlefish 

southern calamary 

smooth bug 

scallop 

red mullet 

red spot whiting 

stout whiting 

john dory 

Scientific name 

Platycephalus 
caeruleopunctatus 

Platycephalus richardsoni 

Centroberyx a/finis 

Paramonacantus filicauda 

Priacanthus macracanthus 

M acrorhamphosus scolopax 

Apogonops anomalus 

Lepidotrigla argus 

e 
E 
0 
0 

y 
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* 

* 

Gi eC: 
E 

c. 0 
(1) 0 
-�
0 
c. 
E 
0 
0

B 

Common name 

eastern blue spot flathead 

tiger flathead 

redfish 

threadfin leatherjacket1 

big redeye1 

flute fish1 

blackeye1 

gurnard 1 
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Table 3 

Summaries of one-tailed paired I-tests comparing the composite-panel and control codends. pt-v = paired I-value; n = number of 
replicates; all weights arc in kilograms. disc= discarded; rct = retained; s. calamari= southern calamari; s. bug= smooth bug; rsw 
= red spot whiting; sw = stout whiting; ebs = eastern bluespot flathead; and comm. sp. = commercial species. SignificantP-values 
are in bold; insufficient data are marked by a dash. 

Port Stephens Southwest Rocks Yamba Ballina 

pt-v p n pt-v 

Wt of prawns 2.139 0.024 16 1.366 

Wt of disc bycatch 4.467 0.0002 16 2.930 

No. of ret octopus -0.913 

Wt of ret octopus -0.868

No. of disc octopus 0.000 

Wt of disc octopus -0.171

No. ofret cuttlefish -0.324

Wt of ret cuttlefish -0.434

No. of disc cuttlefish 0.631 0.272 10 0.500 

Wt of disc cuttlefish 0.165 0.436 10 0.995

No. of ret s. calamari 1.011 

Wt of ret s. calamari 1.532 

No. of disc s. calamari 0.703 

Wt of disc s. calamari 0.887

No. ofret s. bug 0.452 0.329 13 

Wt of ret s. bug 1.214 0.124 13 

No. of disc s. bug -0.254 

Wt of disc s. bug 0.344 

No. of disc scollop -0.377 

Wt of disc scollop 0.501

No. ofret red mullet 
Wt of ret red mullet 
No. ofret rsw 0.893 

Wt ofret rsw 1.270 

No. of disc rsw 4.911 

Wt of disc rsw 4.574 

No. of disc sw 
Wt of disc sw 
No. ofdiscjohn dory 2.611 0.012 12 

Wt of disc john dory 3.174 0.004 12 

No. of disc ebs 
Wt of disc ebs 
No. ofret tiger flathead -0.349 0.634 13 

Wt of ret tiger flathead -0.602 0.721 13 

No. of disc tiger flathead 1.282 0.111 14 

Wt of disc tiger flathead 1.71 0.055 14 

No. of disc redfish 0.947 0.179 15 

Wt of disc redfish -0.131 0.551 15 

No. of leatherjacket 
Wt of leather jacket 
No. of red bigeye 
Wt of red bigeye 
No. of flutefish 1.841 

Wt of flutefish 1.851 

No. ofblackeyes 4.364 0.0003 16 

Wt of blackeyes 5.459 0.0001 16 

No. of gurnard 
Wt of gurnard 
No. of disc comm sp 1.168 0.1306 16 -2.282

cant differences detected in the size-compositions of stout 
whiting at Yamba (Fig. 6AJ; however, at Ballina, the 
control codend caught proportionally more small stout 
whiting than the composite-panel codcnd (Fig. 6B). 

p n pt-v p n pt-v p n 

0.090 16 2.104 0.026 16 1.963 0.034 16 

0.0001 16 5.518 0.0001 16 8.254 0.0001 16 

0.812 16 -1.959 0.964 15 0.9J)4 0.190 16 

0.800 16 -0.298 0.615 15 -0.341 0.631 16 
. 10 

0.566 10 

0.624 13 

0.664 13 

0.312 16 

0.167 16 

0.166 13 

0.075 13 

0.248 12 

0.197 12 

0.597 8 -0.541 0.701 15 

0.371 8 -0.593 0.718 15 

0.644 16 -1.109 0.542 9 

0.312 16 0.348 0.368 9 

-1.012 0.833 12 

-0.345 0.632 12 

0.194 14 

0.113 14 

0.0001 16 3.593 0.004 8 3.704 0.001 15 

0.0002 16 2.554 0.019 8 3.979 0.0007 15 

2.776 0.011 10 2.958 0.005 16 

2.566 0.015 10 3.077 0.004 16 

-1.139 0.862 14 -1.037 0.842 16 

-0.919 0.812 14 -0.971 0.826 16 

2.404 0.014 16 

2.15 0.024 16 

3.344 0.002 16 2.528 0.012 15 

4.122 0.0004 16 2.548 0.012 15 

0.045 13 

0.044 13 

2.392 0.018 15 

2.034 0.033 15 

0.981 16 0.436 0.334 lfi -0.674 0.744 16 

Discussion 

This study has shown the effec tiveness of square
mesh panels in allov.:ing nonLargeL organisms to cs-
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Figure 4 
Size-frequency distributions of king prawns caught with control and composite-panel 
codends from (A) Port Stephens, (B) Southwest Rocks, (C) Yamba, and (D) Ballina. 

cape trawls (see also Briggs, 1992; Fonteyne and 
M'Rabet, 1992; Broadhurst and Kennelly, 1994, 1995, 
1996; Broadhurst et al., 1996) while maintaining 
catches of commercially important species._By con
ducting independent experiments on different ves
sels across four ports over a range of fishing condi
tions and catches, we have also provided informa
tion on the relative performance of the composite-

panel throughout the full operational range of the 
NSW oceanic prawn-trawl fishery and have docu
mented, for the first time, a significant increase in 
the catch of targeted prawns with this design. 

The composite-panel codend was most effective in 
excluding large quantities of those discarded species 
that are relatively fusiform and of a size small enough 
to pass through the square-meshes. Species such as 
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Figure 5 

Size-frequency distributions of discarded red spot whiting caught with control and com
posite-panel codends from (A) Southwest rocks, (B) Yamba, and (C) Ballina. 

blackeyes, flute fish, red bigeye, and, in particular, 
stout and red spot whiting, were all significantly re
duced by the composite-panel, which contributed to
wards a reduction in the mean weight of discarded 
bycatch at all locations from 23.5% to 41 % (Fig. 3) . 
Assuming minimal differences between the various 
vessels and their gear, the relative availability of 
these fusiform species throughout waters off New 
South Wales may explain the variations in the mean 
reductions of total discarded bycatch at each of the 

ports and across the fishery. For example, there were 
no red spot or stout whiting captured at Port 

Stephens (Fig. 3, E-G), and there was only a 23.5% 
reduction in total discarded bycatch by the compos
ite-panel at that location (Fig. 3B). In contrast, the 
discarded bycatch at Yamba and Ballina included 
large numbers of whiting and red bigeye (up to 500 
fish and 1,000 fish, respectively, from each tow in 
the control net) (Fig. 3, E-F and K) and correspond
ingly large percentage reductions in total discarded 
bycatch (41 % and 39.5%, respectively) (Fig. 3B). 

The above reductions in total discarded bycatch 
with the composite-panel provide a possible expla
nation for the significant increase in catches of 
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Figure 6 

Size-frequency distributions of discarded stout whiting caught with control and com
posite-panel codends from (A) Yamba, (B) Ballina, and (C) size-frequency distributions 
of retained red mullet from Ballina. 

prawns at Port Stephens, Yamba, and Ballina (by 
14%, 5.5%, and 6%, respectively) and for the nonsig
nificant increase of 4% at Southwest Rocks (Fig. 3A). 
By reducing the amount of total discarded bycatch 
and therefore the weight and drag in the codend, the 
trawl with the composite-panel may have achieved 
greater spreads between the otter boards (i.e. an in
creased swept area) than did the control, thereby 
covering more of the seabed and capturing more 
prawns. These prawns were probably the same sizes 
as those that we sampled, because Kolmogorov-

Smirnov tests failed to detect any significant differ
ences in prawn sizes between the codends for any of 
the ports (Fig. 4). 

In support of the theory discussed above, there was 
also an increase (although not statistically signifi
cant) in the mean numbers of retained octopus at 
Southwest Rocks and Yamba (by 11 % and 14%, re
spectively), retained red mullet (by 17%) at Ballina, 
and discarded eastern blue spot flathead at Yamba 
and Ballina (by 19.5% and 14.5%, respectively) with 
the composite-panel (Fig. 3, C-D, and I; Table 1). 
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Given the physical profile of these individuals and 
their large size, it is unlikely that once captured by 
the trawl, they would have been able to fit through 
the small square-meshes of the composite-panel. In 
a previous study (Broadhurst and Kennelly, 1996), 
we showed that large quantities of small individuals 
of long spined flathead, Platycephalus longispinis, 
escaped through the square-meshes in the compos
ite-panel (62% reduc_tion compared with a conven
tional codend). Because the tiger and eastern blue 
spot flathead capture<;l in the present study are physi
cally similar to this species, it may be possible to fa
cilitate their escape simply by increasing the size of 
mesh in the panel (assuming they display similar 
responses to stimuli from the trawl). Such a modifi
cation, however, would likely result in less retention 
of smaller individuals of commercially important 
species such as red spot and stout whiting (see Figs. 
5 and 6, A-B), cuttlefish, and southern calamari. In 
addition, the composite-panel has been designed so 
that the load is distributed across the many bars of 
the 40-mm square-shaped mesh. Any major increase 
in this mesh size would result in the distribution of 
load across fewer bars, possibly altering the geometry 
of the codend and its overall performance. 

In the present study, we have shown that the com
posite-panel codend consistently increased catches 
of prawns over a range of operational conditions while 
removing large quantities of unwanted bycatch 
throughout the entire geographic range of the NSW 
oceanic prawn-trawl fishery. In another study in 
Australia, Robins-Troeger et al. ( 1995) tested a large 
and comparatively complex BRD (termed the 
"AusTED") off northern Australia and, despite re
ports of significant lo�ses of prawns, concluded that 
"the AusTED system; has the potential to be devel
oped to suit trawling·conditions encountered in dif
ferent Australian prawn fisheries." It is unlikely, 
however, that any design of a BRD would be accepted 
and endorsed by fishermen if it did not consistently 
maintain catches of the target species throughout the 
range of the fishery-as is shown to be the case in 
the present paper for 1-ihe composite-panel codend (see 
also Kendall, 1990; Renaud et al., 1992). 

In terms of promoting a large-scale voluntary adop
tion of BRD's, like the composite-panel described in 
the present paper, it is useful to provide industry 
not only with evidence of catch rates similar to those 
obtained with conventional gear but also with evi
dence of additional benefits, such as a potential for 
increasing duration of tows, improving quality of 
catches (due to less 'damage from bycatch in the 
codend), increasing savings in labor and fuel, reduc
ing sorting times, and reducing conflicts with other 
user groups (e.g. recreational and commercial fish-

ermen targeting stocks ofbycatch species). The real
ization of these incentives, along with the results from 
the present study, have resulted in many commercial 
fishermen using the composite-panel throughout the 
entire NSW oceanic prawn-trawl fishery. 
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Abstract 

Two laboratory experiments were done to assess effects of simulated escape through square-meshes on the scale-loss and 
survival of (i) non-fatigued and (ii) fatigued small sand whiting (Sillago ciliata). In experiment 1, non-fatigued fish that were 
forced through square-meshes (treatment fish) showed no significant difference in scale-loss compared to fish that did not 
pass through square-meshes (control fish), although there was a 50% difference in mean scale-loss immediately posterior to 
their maximum height. In experiment 2, fish were fatigued to exhaustion by swimming against a current of 0.7 to 0.8 knots 
for 15 min. Fatigued fish that were then forced through square-meshes showed significantly more scale-loss across their 
entire body than did the fatigued control fish (difference in means of between 67% to 84%). In both experiments the total 
scale-loss on treatment fish was quite low (1.4-4%) and there were negligible mortalities (only 2 treatment fish died in 
experiment 1) over the duration of each experiment (30 days). We conclude that the composite square-mesh panel currently 
used to reduce by-catch in the NSW oceanic prawn trawl fishery is likely to cause negligible damage and mortality of small 
sand whiting. © 1997 Elsevier Science B.V. 

Keywords: Scale-loss; Survival; By-catch reduction; Square-mesh panel; Sillago ciliata 

1. Introduction

In New South Wales, Australia, oceanic prawn
trawling occurs from 9 major oceanic ports and is 
valued at ea. A$17 million per annum (1990-91). 
Although vessels working in this fishery predomi
nantly target the eastern king prawn, a significant 
proportion of the total value of the fishery is derived 
from the sale of legally retained by-catch, compris
ing several species of fish, crustaceans and 

• Corresponding author. Tel.: +61-2-95278411; fax: +61-2-
95278576; e-mail: broadhum@fisheries.nsw.gov.au 

cephalopods. However, like the majority of the 
world's prawn-trawl fisheries, significant numbers of 
non-target organisms are caught incidentally with the 
targeted species (for reviews see Saila, 1983; An
drew and Pepperell, 1992; Alverson et al., 1994; 
Kennelly, 1995). In NSW, this by-catch often in
cludes a large assemblage of small fish, some of 
which are juveniles of commercially and recreation
ally important species (Kennelly, 1995). The inciden
tal capture and mortality of large numbers of these 
species is perceived as a negative impact of prawn
trawling because it may reduce the potential biomass 
and yield of recruited stocks (see also Gull and, 1973; 
Howell and Langan, 1987). 

0165-7836/97/$17.00 © 1997 Elsevier Science B.V. All rights reserved. 
P/1 S0 l 65-7836(97)00037-4 



52 M.K. !Jroadlwrst et 11/./ r:isheries Research J2 ( /997) 5/-60

To address these concerns in NSW, Broadhurst et 
al. ( I 996) and Broadhurst and Kennelly ( I 996) de
veloped and assessed several designs of by-catch 
reducing devices (BRDs), that incorporated panels of 
square-shaped mesh located in the top anterior sec
tions of prawn-trawl codends. In particular, a new 
design comprised of composite panels of square
shaped mesh (referred to as the composite square
mesh panel codend) was shown to be effective in 
reducing up to 40% of the total unwanted by-catch 
and up to 70% of the numbers of juveniles of species 
such as whiting (Sillago spp.) while maintaining 
catches of prawns. 

The results from these experiments led to the 
voluntary adoption of this design by many fishers 
operating in the NSW oceanic prawn-trawl fishery. 
Such widescale application should, therefore, di
rectly alleviate some of the perceived negative ef
fects of prawn-trawling discussed above by reducing 
the by-catch landed onboard vessels. However, with
out estimates of the numbers of fish that survive 
after escaping these trawls, it is difficult to quantify 
the longer-term benefits that this device may have on 
subsequent stocks of these species. 

Several methods have been used in previous stud
ies to determine the damage and mortality incurred 
by fish as they pass through meshes. One approach 
has been by direct observations employing video or 
SCUBA to assess effects (Main and Sangster, 1988; 
Suuronen and Millar, 1992; Suuronen et al., 1996a). 
Unfortunately, because trawling in NSW's oceanic 
prawn trawl fishery often occurs in deep water with 
poor visibility, or at night, and sometimes in rough 
conditions, this method was impractical. 

Another approach involves encompassing the co
dend and BRD in a fine-meshed cover or cage that 
retains any fish which escape (Soldal et al., 1993; 
Suuronen et al., 1995a, 1996a; Sangster et al., 1996). 
At the end of a short towing period, these covers are 
sealed, released and anchored, providing a group of 
'treatment fish' to be compared against 'control fish', 
which are usually caught using some alternative 
method (e.g., by hook and line, see Sangster et al., 
1996; Suuronen et al., 1996b). Such experiments 
have the advantage of being done under the actual 
conditions in which species escape. However, their 
very large cost combined with inherent variabilities 
among tows in fishing conditions and the distribu-

tions of species retained, means that the experiments 
are difficult to replicate in space and time, and 
therefore may lack sufficient statistical power to 
detect effects. Further, it is difficult to provide accu
rate controls within the experimental design, since 
the 'control fish' are almost always subjected to 
some form of stress that differs from 'treatment fish' 
during their initial capture. In addition, control fish 
may come from different populations and/ or stocks 
and may have a different overall condition and/or 
represent different size classes than the treatment 
fish. 

An alternative and simpler method to assess the 
extent of trawl-induced mortalities is to simulate the 
escape of fish in a laboratory (e.g., Soldal et al., 
1993). Whilst this approach can not fully represent 
how individual fish are affected during capture and 
subsequent escape under commercial conditions, it 
does control many of the confounding effects de
scribed above and, with sufficient replication, can 
provide adequate statistical power. Such experi
ments, however, require an initial catching method 
that does not result in significant damage to the 
subject species. 

Our specific goals in this paper were to simulate 
the trauma incurred by small sand whiting (Sil/ago 
ciliata, a species common in estuaries throughout 
NSW) as they pass through square-meshes that are 
the same size as those in the main escape panel of 
the composite-panel codend (60 mm netting hung on 
the bar, see Broadhurst and Kennelly, 1996). For 
both non-fatigued and fatigued fish, we aimed to 
quantify: (i) the extent of scale-loss (to provide an 
estimate of their overall condition); and (ii) their rate 
of post-trawl mortality. 

2. Materials and methods

Two experiments were done at NSW Fisheries 
Research Institute's aquarium facilities between June 
and October 1996 using one 4000 I fibreglass hold
ing tank and 22 smaller fibreglass tanks (200 I, see 
Fig. I A). All tanks were supplied with seawater (at 
ambient temperature) at a rate of 1.8 I min - i, aer
ated using air-stone diffusers and equipped with 
outflow pipes (termed 'stand-pipes'), designed to 
maintain constant water levels. The small tanks were 
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ments and (C) the frames being rotated together in the treatment 
tanks (top view). 

distributed on opposite sides of an enclosed room 
and had their stand-pipes located in their centres. 

Three identical aluminium frames were con
structed so that they could be inserted over each of 
the stand-pipes in the smaller tanks (Fig. lB). Two 
of the frames were rigged with identical panels of 60 
mm netting, cut on the bar (the same as that used in 
the main escape panel of the composite-panel co
dend, see Broadhurst and Kennelly, 1996). These 
two panels could be placed along side each other, 
and rotated freely: throughout the entire volume of 
the tank (Fig. IC). The third frame was fitted with a 
panel of fine-meshed polyethylene (mesh size 2-mm) 
(Fig. 1 B). 

2.1. Collection <>{ fish for experiments 

Approximately 560 juvenile sand whiting ( < 20 
cm) were captured in Port Hacking (34° 47' S, I 5 I 0 

8' E) adjacent to NSW Fisheries Research Institute 
using a seine net (mesh size !5 mm). After capture, 
fish were carefully remo\'cd from the net, placed in a 
holding tank in the boat (400 I. stocking density of 
< 5 kg fish m · .1) at ambient temperature and sup
plied with pure oxygen. These fish were transported 
to the aquarium facility at the Fisheries Research 
Institute and transferred (using buckets) to the 4000 I 
holding tank. To reduce the possibility of infection 
arising from initial capture, a mixture of 100 mg I - 1 

of Oxytetracycline was added and water flow was 
stopped for 6 h. 

The fish were allowed to acclimatise in the large 
holding tank for a period of I 4 days, during which 
time they were fed a diet of chopped pilchards (at a 
rate of 1 % biomass per day) and any dead fish were 
removed immediately and recorded. Any faeces and 
uneaten food that settled in the tanks were removed 
daily by siphoning. 

2.2. Experiment I: Effects on non-fatigued fish due 

to passing through square-meshes 

On the 15th day, all fish were anaesthetised using 
benzocaine (ethyl-p-aminobenzoate, 50-75 mg 1- 1 

in sea water, see also Quartararo and Bell, 1992). 
330 fish were selected at random, individually 
checked for any signs of scale-damage (any damaged 
fish were left in the holding tank), removed (using 
buckets filled with water) and then placed in groups 
of 15 into the 22 smaller tanks. These fish were fed 
and monitored (using the methods outlined above for 
the holding tank) and left to acclimatise for a further 
10 days. At the end of this second acclimatising 
period, 18 of the tanks were designated at random as 
either treatments or controls (9 of each). Fish in the 
remaining 4 tanks (stock tanks) were used to replace 
any mortalities in the treatment and control tanks (to 
maintain constant stocking densities throughout the 
experiment). 

On day one of experiment 1, the two aluminium 
frames with panels of square-mesh were placed in 
each of the treatment tanks. These frames were 
rotated around the tanks in opposite directions at 
approximately 0.5 m s - 1

• so that fish were herded 
together and forced to swim through either of the 
panels containing the square-mesh (Fig. l C). In each 
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of the control tanks, the aluminium frame containing 
the fine-meshed polyethylene was used to herd fish 
once around the tank. These fish were herded like 
the treatment fish but did not come in contact with 
any mesh. 

The treatment and control (anks were divided at 
random into two groups: Group 1 contained 4 treat
ment and 4 control tanks and was used to assess 
scale-loss. Group 2 contained 5 treatment and 5 
control tanks and was used to a�sess total mortalities. 

2.3. Experiment 2: Effects on fatigued fish due to 

passing through square-meshes 

Two months after their initial capture, 240 fish in 
the 4000 I holding tank were anaesthetised according 
to the methods described in experiment I . Two 
hundred and twenty fish were individually checked 
for any signs of scale-damage, removed and placed 
in the smaller tanks in groups of 10. These fish were 
left to acclimatise for 21 days. At the end of this 
period the tanks were designa.ted according to the 
classification provided in experiment I (9 treatment 
tanks, 9 control tanks and 4 stock tanks). 

On day I of experiment 2, the stand-pipes were 
removed in each treatment and control tank and 
replaced with a 12 V submersible water pump (Fig. 
2). A cylinder of PVC (250 mm dia X 600 mm long) 
was then fitted over the pump (Fig. 2) which (i) 
prevented fish from physical contact with the pump 

200 L TANK 

Fig. 2. Diagrammatic representation of the submersible pump 

assembly used in experiment 2. 

and (ii) concemrated fish into a smaller volume of 
water. The pump was activated for 15 min, produc
ing a circulating water flow of between 0.7 and 0.8 
knots within each of the tanks (flow was measured at 
several positions using an electromagnetic current 
meter). During this period, the fish were observed to 
orientate towards the direction of flow and attempt to 
maintain station until exhausted (approximately 10 
min for most fish). Fatigued fish drifted back with 
the flow and made little attempt to maintain position 
relative to the tank. We intended this treatment to 
simulate the exhaustion incurred by fish as they are 
caught in the trawl. 

At the end of 15 min the pump and PVC cylinder 
were removed from the tank and the stand-pipe 
replaced. Depending on the classification of each 
tank (i.e., treatment or control) the respective alu
minium frames were inserted and used according to 
the methods described in experiment 1 (Fig. 1 C). 
Because two fish jumped out of the tanks during 
experiment 1 (see below), after the aluminium frames 
were removed in experiment 2, flexible mesh covers 
were placed over each of the tanks. 

As was the case in experiment 1, the treatment 
and control tanks were divided at random into two 
groups: Group 1 contained 4 treatment and 4 control 
tanks and was used to assess scale-loss. Group 2 
contained 5 treatment and 5 control tanks and was 
used to assess total mortalities. 

2.4. Analysis of scale-loss 

Every second day after the start of each experi
ment, fish in each tank from group 1 were anaes
thetised using benzocaine (as described above). Two 
fish were randomly selected from each tank and 
carefully removed (using gloves and finnly holding 
each fish by the head and tail) and killed in a 
solution of benzocaine (100 mg 1- 1 in sea water). 
These fish were measured (to the nearest 0.5 cm) and 
placed ventrally on clear plastic sheets inscribed with 
silhouettes of fish (the same length and width as 
each of the samples) divided into five zones per 
flank (Fig. 3). Using the method described in Main 
and Sangster ( 1988). both sides of each fish were 
visually subdivided and the percentage scale-loss 
calculated (to the nearest 10%) for each of the five 
zones on both flanks. The means of these 10 values 
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2 3 4 5 

Fig. 3. Fish profile and zones used to estimate scale-loss. 

were calculated to provide estimates of the total 
scale-loss for each fish (see also Main and Sangster, 
1988). Using dial callipers, measurements were then 
taken on the maximum height and width (to the 
nearest 0.5 mm) and the weight of each fish to 
determine the likelihood of each fish being able to 
pass through the 30 mm openings in the square mesh 
panel. 

Data for all variables (i.e., percentage scale-loss 
per zone and combinations of various zones) were 
analysed using Cochran's test for homogeneity of 
variances, and then analysed in the appropriate 
three-factor analyses of variance (Underwood, 1981). 
Days and treatment of fish were considered fixed 
factors in these analyses, tanks were random and the 
two random fish per tank per observation-day (7 
days in experiment 1 and 5 days in experiment 2) 
were the replicates. Tanks were nested in the treat
ment of fish. 

Two-sample Kolmogorov-Smirnov tests (P = 
0.05) were used to compare the size frequencies of 
treatment and control fish within each experiment 
and aggregated size-frequencies of fish between ex
periments. The relationships between length and 
maximum height and width were plotted to deter
mine the likelihood that fish were physically able to 
pass through the square mesh panel. 

2.5. Analysis of total mortality 

Fish in group 2 in both experiments were moni
tored daily for any mortalities over a period of 30 
days. All dead individuals were immediately re
moved from their tanks and replaced with the same 
number of live fish (which had a small section of 

caudal fin removed for identification) from a stock
ing tank. Dead fish were analysed for scale-loss as 
per the methodology described above. Because a 
total of only 2 fish died in both experiments, no 
formal statistical analyses were done on these data. 
Instead, data from the dead fish are presented in 
tabular form. 

3. Results

3. 1. Collection of fish for experiments

18 juvenile whiting, representing approximately 
3% of the 560 fish captured by the small meshed 
seine net, died during the first 14 days in the 4000 1 
tank. There were no other mortalities during the 
acclimatising periods in the 200 1 tanks. 
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Table 1 
Experiment 1: Summaries of F ratios from analyses of variance to determine effects on scale-loss from sand whiting due to different 
treatments of fish (i.e., control vs. those fish that had passed through the square-meshes), days and tanks• 

Treatment d.f. Zone Zone Zone Zones Zones All 
No. 2 No. 3 No.4 No. 2 and 3 No. 2 to 4 zones 
ln(x + I) ln(x+ 1) combined combined combined 

ln(x+ l )  ln(x + 1) 

Days (D) 6 1.01 0.78 1.49 1.01 1.14 1.46 
Treatment of fish (TF) 1 1.99 3.20 0.19 3.77 2.95 2.03 
Tanks (T) 6 1.06 0.63 0.94 0.91 0.52 0.51 
DXTF 6 1.12 0.64 1.13 0.58 0.72 1.25 
DXT 36 1.26 1.43 1.18 1.61 1.46 1.03 
Residual 54 

• The transforms used to stabilise variances (if required) are listed. Insufficient replication due to one fish missing from a control and 
treatment tank required the inclusion of the cell mean and 2 d.f. were subtracted from residual d.f.
··Significant (P < 0.01); • Significant (P < 0.05).

3.2. Experiment 1: Effects on non-fatigued fish due 

to passing through square-meshes 

3.2.J. Scale-loss 

There were no mortalities of fish in group 1 (the 
scale-loss group) that were attributable to passing 
through the square-mesh, however, one fish managed 
to jump out of a control tank and one out of a 
treatment tank. There were no significant differences 
nor interactions detected in experiment L Although 
non-significant, there was a mean increase in scale
loss in zone No. 3 (54% difference in means) and in 
zones 2 and 3 combined (50% difference in means) 
for fish that had passed through square meshes com
pared to fish from the control tanks (Fig. 4B,D and 
Table 1) and similar trends (as above) in the differ
ences in mean scale-loss in each zone and combina
tions of zones (from 20% to 46.8%) (Fig. 4 and 
Table 1). 

Table 2 

3.2.2. Total mortality 

Two fish escaped from the tanks in group 2 in 
experiment 1, one from a control tank and one from 
a treat�nt tank. Two fish in the treatment tanks 
died 9 and 10 days, respectively, after they passed 
through the square-meshes (see Table 2), resulting in 
a total survival rate of 97% of fish from group 2. 
There were no mortalities of fish in the control tanks. 

3.3. Experiment 2: Effects on fatigued fish due to 

passing (hrough square-meshes 

3.3.1. Scale-loss 

There were no mortalities of fish in group 1, 

experiment 2 that were attributable to passing through 
the square-mesh, although one fish managed to jump 
out of a treatment tank. Compared to the fish from 
the control tanks, there was significantly more scale-

Summary of the morphology and scale-loss of the two fish that diod in the treatment tanks in group· 2, experiment 1 

Fish. Weight Width Height Length Percentage scale loss for each zone 
No. (g) (cm) (cm) (cm) Left flank Right flank 

2 3 4 5 I 2 3 4 5 Total 

I 21.3 1.5 2.2 14 0 0 0 10 0 0 0 0 0 0 1 
2 26.7 1.6 2.5 15 0 0 0 0 0 0 20 30 0 0 5 
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Table 3 
Experiment 2: Summaries of F ratios from analyses of variance to determine effects on scale-loss from sand whiting due to different 
treatments of fish (i.e., control vs. those fish that passed through the square-meshes), days and tanks• 

Treatment d.f. Zone Zone Zone Zones Zones 
No. 2 to 4 

All 
No. 2 No. 3 No. 4 No. 2 and 3 zones 

combined sqrt(x+l) ln(x+l) combined combined 

Days (D) 4 
Treatment of fish (TF) 1 
Tanks (T) 6 
DXTF 4 
DXT 24 
Residual 39 

0.33 
10.69' ' 
1.90 
0.67 
1.06 

0.36 
26.11'' 
0.72 
1.45 
1.02 

0.34 0.37 
4.66' 24.71'' 
1.67 0.93 
2.81 1.36 

0.47 LOI 

0.43: 
26.74'' 
0.66 
1.64 
1.98 

0.64 
Z.6.4 •• 
0.67 
2.03 
0.85 

• The transforms used to stabilise variances (if required) are also listed. Insufficient replication due to one fish-missing from a treatment tank
required the inclusion of the cell mean and 1 d.f. was subtracted from residual d.f.
• • Significant (P < 0.01); • Significant (P < 0.05).

loss for all zones and combinations of zones for fish 
from the treatment tanks (differences in means of 
between 67% and 84%, Fig. 5 and Table 3). There 
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Fig. 5. Differences in mean percentage scale-loss (±SE) between 
the control and treatment fish in experiment 2 for: (A) zone No. 2, 
(B) zone No. 3, (C) zone No. 4, (D) zones 2 and 3 combined, (E)
zones 2 to 4 combined and (F) all zones combined. • • significant
at P < 0.01; • significant at P < 0.05.

were no other significant differences or interactions 
detected in experiment 2. 

3.3.2. Total mortality 

There were no mortalities in group 2 during ex
periment 2. 

3.4. Analysis of sizefrequencies, length-height and 

length-width data from both experiments 

Two-sample Kolmogorov-Smirnov tests compar
ing the size-frequency distributions of fish measured 
showed no differences between treatment and control 
tanks within each experiment, but detected differ
ences between experiments (Fig. 6). The fish used in 
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Fig. 6. Size-frequency distributions of sand whiting from experi
ments I and 2. 
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Fig. 7. Relationship between: (A) Length and maximum height 
and (B) length and maximum width for sand whiting used in the 
experiments. 

experiment 2 were proportionally smaller than those 
in experiment 1. 

The plots of length and maximum height and 
width for fish from treatment and control tanks 
showed that most fish easily passed through the 
square-mesh panel in both experiments (Fig. 7 ). 

4. Discussion

The results from this study showed that the simu-
lated escape of sand whiting through square-shaped 
meshes had minimal effect on their overall condition 
and mortality ( < 3%). In experiment l, although 
non-significant, for non-fatigued fish there were dif
ferences in the mean percentage scale loss between 
treatment and control fish across all zones, particu-

larly zone No. 3 (immediately posterior to the maxi
mum height of the fish) and zones 2 and 3 combined. 
However, the actual mean percentages of scale-loss 
in each of the treatment fish were quite low (i.e., a 
total combined mean scale-loss of 1.7%). Further, 
the detection of some scale-loss from the control fish 
(total combined mean scale-loss of 0.9%, probably 
due to interactions with other fish or movement 
around the tank), implied that the effects of the 
square-mesh panel on non-fatigued fish were not 
significantly greater than the effects of confinement 
within the tanks. 

The results from experiment 2 showed that fa
tigued fish sustained significantly more damage than 
non-fatigued fish after passing through square-meshes 
across all zones (particularly zone No. 3 )  and combi
nations of zones (up to 84% difference in means 
between treatments and controls, Fig. 5 ). However, 
like the results from experiment 1, the total average 
percentage scale-loss from these treatment fish was 
still quite low ( < than 4%, Fig. SF) and evidently 
not sufficient to result in any mortality. 

Given that the maximum opening of the mesh in 
the 60 mm square-mesh panel was 30 mm (see Fig. 
lB), the length and maximum height and width 
correlations in Fig. 7 indicate that most of the sand 
whiting used in both experiments should have easily 
passed through these meshes. That is, the length
height correlation in Fig. 7 A showed that a sand 
whiting 18 cm in length had a proportionate maxi
mum height of approximately 3 cm, the same size as 
the maximum mesh opening. Further, the maximum 
width of a sand whiting 18 cm long was less than the 
3 cm maximum mesh opening (i.e., 2.5 cm, see Fig. 
7B). However, it is evident from the results in both 
experiments that several fish of all sizes had contact 
with the mesh during their simulated escape. The 
large difference in mean percentage scale lo�s be
tween treatment and control fish for zone No; 3 in 
experiment 1 and the significant difference detected 
in zone No. 3 in experiment 2 (see above and Fig. 
4BFig. 5B) suggests that this contact primarily oc
curred immediately posterior to the point of maxi
mum height of these fish. 

These results partly support those from a previous 
field study in the North Atlantic (Main and Sangster, 
1988) which showed that several species of gadoid 
fish passing through different sizes of mesh, incurred 
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more scale-damage posterior to their widest girth. It 
was noted, however, that this damage increased pro
gressively back towards the tail (sec also Suuronen 
et al., I 996a,b). In the present study, we observed 
that initially most fish were reluctant to pass through 
the mesh and approached slowly, but as they moved 
through, they initiated several rapid beats of their 
tails to 'escape' the mesh. This behaviour may have 
resulted in some contact along their flanks and poste
rior to their maximum height. 

The methodology used in the present study al
lowed us to assess the damage and mortality incurred 
by sand whiting after passing through square meshes 
but did not allow an assessment of other effects like 
interactions that escapees may have with other by
caught species nor effects incurred as they make 
contact with the main body of the trawl net (i.e., 
abrasions, chaffing, etc.). In addition, because the 
panel used in this laboratory study was positioned 
vertically, fish probably passed through the square
meshes at a greater angle (i.e., ea. 90°) than might be 
expected by fish passing through the horizontally
aligned square-meshes of the composite panel under 
normal field conditions (i.e., at an angle < 90°). As 
a consequence the fish in this study may have had 
less contact with the square-meshes and they possi
bly lost fewer scales that might normally be ex
pected. Nonetheless, the results are comparable with 
those from previous experiments conducted in the 
field using commercial gears (see DeAlteris and 
Reifsteck, 1992; Soldal et al., 1993; Suuronen et al., 
1995b). For example, in a field experiment in the 
Barents Sea, Soldal et al. (1993) found zero mortal
ity of cod ( Gadus morhua) and minimal mortality 
(an average of 3.7%) of haddock (Melanogrammus 
aeglefinus) that had escaped from the diamond 
meshes ( 135 mm) of a demersal trawl. 

It is obvious from other studies, however, that 
many factors influence the rates of mortality of fish 
that escape trawls, including differences in trawl 
nets, methods of operation, duration of tows and 
species-specific variabilities. It is therefore diffisult 
to interpolate results from different fisheries, al
though in the majority of published studies (see 
Chopin and Arimoto, 1995 for review), the mortality 
rates of fish attributed to stress incurred during cap
ture and escape have been estimated to be relatively 
low in comparison to the numbers of fish surviving 

(Main and Sangster. 1990: Main and Sangster. 1991: 
Suuroncn, 1991; Millner et al.. I 993; Sangster and 
Lehmann, 1993; Soldal et al., 1993; Turunen et al.. 
1994, but see Suuronen et al.. 1996a). The results 
from the present study lead us to a similar conclu
sion: that sand whiting which escape through the 
composite square-mesh panel used in prawn trawls 
off the NSW coast undergo relatively minor damage 
and experience negligible mortality. 

Acknowledgements 

This work was funded by the Australian Fishing 
Industry Research and Development Council (Grant 
No. 93/180). Thanks are extended to Dr. Petri Su
uronen and Mr Graham Sangster for providing help
ful discussions. 

References 

Alverson, D.L., Freeberg, M.H., Murawski S.A., Pope, J.G., 1994. 

A global assessment of fisheries bycatch and discards. FAO 

Fish Tech. Paper 339, 233 pp. 
Andrew, N.L., Pepperell, J.G., 1992. The by-catch of shrimp trawl 

fisheries. Oceanogr. Mar. Biol. Annu. Rev. 30, 527-565. 

Broadhurst, M.K., Kennelly, S.J., O'Doherty, G., 1996. Effect of 
square-mesh panels in codends and of haulback delay on 

by-catch reduction in the oceanic prawn-trawl fishery of New 

South Wales, Australia, Fish. Bull. 94, 412-422. 

Broadhurst, M.K., Kennelly, S.J., 1996. Effects of the circumfer

ence of codends and a new design of square-mesh panel in 

reducing unwanted by-catch in the New South Wales oceanic 

prawn-trawl fishery, Australia, Fish. Res. 27, 203-214. 

Chopin, F.S., Arimoto, T., 1995. The condition of fish escaping 

from fishing gears - a review. Fish. Res. 21, 315-327. 

DeAlteris, J.T., Reifsteck, D.M., 1992. Escapement and survival 

of fish from the codend of a demersal trawl. ICES Mar. Sci. 
Symp, June 1992, Bergen, Norway, 11 pp. 

Gulland, J.A., 1973. Manual of methods for fish stock assessment. 
Part I. Fish population analysis. FAO Manuals in Fisheries 

Science 4. 

Howell, W.H., Langan, R., 1987. Commercial trawler discards of 

four flounder species in the Gulf of Maine. North Am. J. Fish 

Manage. 7, 6-17. 

Kennelly, S.J., 1995. The issue of bycatch in Australia's demersal 

trawl fisheries. Rev. Fish. Biol. Fish. 5, 213-234. 

Main, J., Sangster, G.!.. 1988. Scale damage and survival of 
young gadoid fish escaping from the cod-end of a demersal 
trawl. In: J. DeAlteris (Ed.), Proc. of Selectivity and Surviv

ability Workshop. University of Rhode Island Sea Grant Advi
sory Service. Narragansett. 



60 M.K. /Jroadhur.vt et al./ Fisheries Research 32 ( 1997) 51-60

Main, J., Sangster, G.I.. 1990. An assessment of the scale damage 
to and survival rates of young gadoid fish escaping from the 
codend of a demersal trawl. Scottish Fisheries Research Re
port, 46, 28 pp. 

Main, J., Sangster, G.!., 1991. Do fish escaping from cod-ends 
survive? Scottish Fisheries Working paper No 18/91. SOAFD. 
Marine Laboratory, Aberdeen. 

Millner, R.S., Whiting, C.L., Howlett, G.J., 1993. Estimation of 
the discard mortality of plaice from small otter trawlers using 
tagging and cage survival studies. ICES C.M./G: 24, Demer
sal Fish Committee. 

Quartararo, N., Bell, J.D., 1992. Effect of intraperitoneal passive 
implantable transponder (PIT) tags on the growth and survival 
of juvenile snapper, Pagrus auratus (Bloch and Schneider). 
Aq. Fish. Manage. 23, 543-548. 

Saila, S.B., 1983. Importance and assessment of discards in 
commercial fisheries. FAO Fish. Circ., No. 765, 62 pp. 

Sangster, G.I., Lehmann, K., 1993. Assessment of the survival of 
fish escaping from commercial fishing gears. ICES C.M. 
1993/B:2 Fish Capture Committee. 

Sangster, G.I., Lehmann, K., Breem, M., 1996. Commercial fish
ing experiments to assess the survival of haddock and whiting 
after escape from four sizes of diamond mesh codends. Fish. 
Res. 25, 323-345. 

Soldal, A.V., Engas, A., Isaksen, B., 1993. Survival of gadoids 
that escape from a demersal trawl. ICES Mar. Sci. Symp. 196, 
122-127.

Suuronen, P., 1991. Preliminary studies on the survival of herring 

escaping from a rigid grating placed in the extension piece. 
European Commision Workshop on Cod-end Selectivity, Ma
rine Laboratory, Aberdeen, Scotland, June I 99 I. 

Suuronen, P., Millar, R.B., 1992. Size-selectivity of diamond and 
square-mesh codends in pelagic herring trawls: Only small 
herring will notice the difference. Can. J. Fish Aquatic. Sci. 
49, 2104-2117. 

Suuronen, P., Turunen, T., Kiviniemi, M., Karjalainen, J ., 1995a. 
Survival of vendace (Coregonus albula) escaping from a trawl 
cod end. Can. J. Fish. Aquatic. Sci. 52 (12), 2527-2533. 

Suuronen, P., Lehtonen, E., Tschemij, V., Larsson, P., 1995b. 
Skin injury and mortality of baltic cod escaping from trawl 
codends equipped with exit windows. In: Conservation of 
Young Fish by Management of Tra'!'-'._l Selectivity. University 
of Helsinki, 114 pp. 

Suuronen, P., Erickson, D.L., Orrensalo, A., 1996a. Mortality of 
herring escaping from pelagic trawl codends. Fish. Res. 25, 
305-321.

Suuronen, P., Perez-Commas, J.A., Lehtonen, E., Tschemij, V., 
1996b. Size related mortality of herring (Clupea harengus L.) 
escaping through a rigid sorting grid and trawl codend meshes. 
ICES J. Mar. Sci. 53, 691-700. 

Turunen, T., Kakela, A., Hyvarinen, H., 1994. Trawling stress and 
mortality in undersized ( < 40cm) brown trout (Salmo trutta 
L.). Fish. Res. 19, 51-64. 

Underwood, A.J., 1981. Techniques of analysis of variance in 
experimental marine biology and ecology. Oceanogr. Mar. 
Biol. Annu. Rev. 19, 513-605. 



Specifications for the construction and installation of two 
by-catch reducing devices (BRDs) used 

in New South Wales prawn-trawl fisheries. 

Broadhurst, M.K., S.J. Kennelly and G. O'Doherty, 1997. 

Marine and Freshwater Research, Vol. 48, pp. 485-489. 



Tecli11ical Note <D CSIRO Austr3lia 1997 

Specifications for the construction and installation of two by-catch reducing 
devices (BRDs) used in New South Wales prawn-trawl fisheries 

M. K. BroadhurstA , S. J. Kennelly and G. O'Doherty

NSW Fisheries Research Institute, PO Box 21. Cronulla, NSW 2230. Australia 
Aemail: broadhum@jisheries.nsw.gov.au 

Introduction 

Prawn trawling occurs in five estuaries and from nine 
major oceanic ports in New South Wales and is valued at 
approximately $A25 million per annum. Significant 
numbers of non-target organisms ('by-catch', Saila 1983) 
are captured, comprising a large and diverse assemblage of 
small fish, some of 'o/hich are juveniles of commercially and 
recreationally important species (Liggins and Kennelly 
1996; Liggins et al. 1996; Kennelly et al. 1997). Concerns 
over the incidental capture and mortality of large numbers of 
these juveniles led to the development and assessment of 
several by-catch reducing devices (BRDs) in prawn-trawls 
(Broadhurst and Kennelly 1996a, 1996b, 1997; Broadhurst 
et al. 1996, 1997). These designs were tested in different 
fisheries in NSW according to species-specific spatial and 
temporal variabilities in by-catches and the commercial 
fishing techniques employed. Two of these designs, the 
'Nordm�re grid' (Isaksen et al. 1992) and the 'composite 
square-mesh panel' (Broadhurst and Kennelly 1996a), 
significantly reduced by-catch whilst maintaining (and in 
some cases increasing) catches of the target species. As a 
result, these devices were subsequently recommended for 
use in the appropriat� fisheries as part of normal commercial 
operations. 

Although the performances of these BRDs are well 

documented, detailed descriptions of the methods for their 
construction and installation into commercial prawn-trawls 

are lacking. Such information is necessary to ensure their 
efficient operation in maximizing the escape of by-catch 
while maintaining ca�ches of targeted species during normal 
commercial operations. Such information is provided here. 
All terminology used to describe the cutting tapers and 
orientation of meshe� to the general course of netting (e.g. 
'normals' or N, bars or B and 'transversals' or T) are based 
on those described in Anon. (1972). 

The Nordm�re grid 

The Nordm�re gri9 functions mainly by partitioning the 
catch according to size. A guiding funnel or panel located 
anterior to the codend directs the entire catch to the base of 
a sorting grid comprising vertically orientated bars (sec also 
Isaksen et al. 1992). Prawns and most organisms smaller 
than the bar spacings in the grid pass through and into the 

codend, while fish and other larger- organisms are directed 
upwards and out through an opening in the top of the trawl 
(Fig. la). In comparisons with standard commercial trawls 
in NSW estuaries, the Nordm�re grid reduced the mean 
weight of by-catch by 77-90% and the numbers of juveniles 
of commercially important species such as bream, 
Acanthopagrus australis, by up to 67% with no significant 
reduction in the catches of the prawns Metapenaeus 
macleayi and Penaeus plebejus (Broadhurst and Kennelly 
1996b; Broadhurst et al. 1996, 1997). 

Fig. 1. Diagrammatic representation of a prawn-trawl and location of 

(a) the Nordml'!re-grid and (b) the composite square-mesh panel.

Construction and installation 

The following materials are required for the construction 
of a Nordm0re grid suitable for most designs of prawn
trawls in NSW with a headline length less than l l m and a 
mesh size in the codend of between 40 and 45 mm: (i) a 
section of netting ( I 00 x I 00 mesh) of 400/36-ply 
polyethylene (mesh size 40-45 mm), (ii) a 2-m length of 
round aluminium rod 12 mm in diameter (for the frame), (iii)
a 7-m length of round aluminium rod I O mm in diameter (for 
the bars) and (iv) four 100-mm diameter polystyrene floats. 

The aluminium rods arc cut and welded (Fig. 2) to fonn 
the grid. A gap of 20 mm (suitable for pcnacid prawns up to 
25 mm carapace length) between each bar will require 12 
bars and 13 spaces to fill the 400-mm frame. 

I \2 \ Jf,:i0/<}7/1)(,0-lX'.iS<h <HI 
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Fig. 2. Aluminium grid used in the Nordm�re-grid (�. diameter). 

Steps for assembling the netting and inserting the grid are 
as follows. 

l. Cut the netting into five panels (Fig. 3a): Panel l will
become the net extension, Panels 2 and 3 will become the 
guiding panel and Panels 4 and 5 will be reserved for a spare 
guiding panel. 

2. Cut out the triangular escape exit (25 T x 25 B) from
Panel l (Fig. 3a).

3. Sew the anterior edges of Panels 2 and 3 together
(Fig. 3b). To ensure consistent knot direction of the twine 
throughout the guiding panel, it is important to 'flip' either 
Panel 2 or Panel 3 upside-down and back-to-front. The same 
applies for the spare panels, 4 and 5. 

4. Place the guiding panel on top of Panel l and sew or
lace (mesh for mesh) the anterior edge of the guiding panel 
to the centre of the anterior edge of Panel l .  

5 .  With a permanent marker pen, draw dotted lines on 
Panel l (Fig. 3a), starting 12 meshes from the centre of the 
panel and following a lN 2B taper (see Fig. 3c) dawn the 
netting, finishing 13 meshes from the outside edges. Sew or 
lace the meshes at the sides of the guiding panel, row for 
row, to the marked lines on Panel 1 (the guiding panel will 
tend to pull quite tightly as the two panels of net are sewn 
together). 

6. Turn up the two outside edges of Panel I and sew them
together to form a seam that will correspond to the pottom 
centre-line of the trawl. 

7. Insert the aluminium grid into Panel I (now attached to
the guiding panel) and evenly lace the 25 meshes that form 
the base of the triangular escape exit to the top edg� of the 
grid (Figs la and 4). 

8. To secure the grid inside the netting at an angle of
approximately 45° , follow the row of meshes that forms the 
base of the triangular escape around the net to the bottom 
centre-line, measure forward 424 mm (this distance is 
calculated from the formula 600 mm sin 45°) to a row of 
meshes and lace the bottom of the grid to at least 15 meshes 
along that row (Fig. 4). 

9. The remaining nelling surrounding the sides of the grid
between the tor and bottom should be evenly laced to the 
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Fig. 4. Side view of completed Nordm0re-grid. 

grid. This needs to be done correctly to avoid altering the 
geometry of Panel I. 

I 0. The edges of the triangular escape exit should be 
reinforced by tightly selvedging (binding) to rope (e.g. 
I 0-mm twisted polyethylene rope), which can then be 
spliced to the corners of the grid to help to support and 
maintain the correct grid angle of 45°. 

11. A few links of light chain (e.g. five links of 6 m m) can
be added to the posterior end of the guiding panel (Fig. I a), 
to reduce lifting and minimize the risk that rrawns \\'ill 
cscare. 



By-catch reducing devices 

12. The four lloats must be altachcd to the top of the sides
of the aluminium grid (to provide a slightly positive 
buoyancy) (Figs la and 4). 

The entire assembly comprising guiding panel,_ 
aluminium grid, floats and escape exit (all attached to Panef 
I) can be inserted between the codend and the main body of
the net. The line normally used to retrieve the codend
(termed 'lazyline', see also Anon. 1972) should be attached
to some point anterior to the grid on the bottom of the net
extension (Panel 1).

The distance of the posterior end of the guiding panel 
from the base of the aluminium grid can be adjusted to 
maximize fish escape while maintaining catches of prawns. 
For example, fish escape can be improved by removing two 
or three rows of mesh from the posterior end of the guiding 
panel and/or reducing the amount of chain. Conversely, if 
some prawns escape, additional mesh may be attached to the 
posterior end of the guiding panel (so that it touches the base 
of the grid) and/or it can be weighted with additional chain. 
In areas where there are large quantities of seaweed or 
debris, it may be useful to remove some of the chain on the 
guiding panel to minimize clogging. In addition, fishers may 
reduce towing speed for a few seconds at regular intervals to. 
allow any weed and/or debris to drift out of the guiding 
panel and help keep the grid clear (see also Isaksen et al.

1992). 

The composite square-mesh panel 

The composite square-mesh panel (Fig. lb) was 
developed for use in the NSW oceanic prawn-trawl fishery� 
where it was found to exclude by-catch by up to 41 %'. 
(including up to 70% of juveniles of commercially important 
species such as whiting, Sillago spp.) while maintaining 
catches of commercially important species and increasing 
catches of king prawns, Penaeus plebejus (by up to 14%) 
(see Broadhurst and Kennelly 1996a, 1997). This design 
functions by exploiting behavioural and physiological� 
differences between prawns and fish. Some species of fish are 
herded together in the front section of the codend, upsetting 
the balance of the school and initiating an escape response; 
towards the sides and top of the codend and out through the 
open square meshes (sec also Robertson I 986, I 993). 
Contributing factors in the escape of these fish are differences 
in hydrodynamic pressure in front of the catch in the rear of 
the codcnd and a displacement of water forwards and out· 
through the strategically positioned square meshes ahead of 
this section (Broadhurst and Kennelly 1996a). 111c response 
of prawns to this stimulus is minimal (Broadhurst and Kenelly 
I 996a) and, once in the trawl. !hey arc unahle to make active 
allernpls al escape through the square-mesh panel. 

(a) 

(c) 
24 

� Panel 3 
CD 

Approx. mesh size: 60 mm 

6 B 1--12 B---, 6 8 

Fig. 5. Composite square-mesh panel: diagrammatic representation of 
netting required for (a) Panels 1, 2, 3 and (b) Panel 4; (c) assembly. 

Construction and installation 

For use with most designs of penaeid prawn-trawls the 
composite square-mesh panel can be made as follows. 

I. Cut Panels 1, 2 and 3 from netting with the same or
similar sized mesh (and ply) as a conventional codend (i.e. 
40 mm or greater) (Fig. Sa). This will make it easy to match 
and sew the composite square-mesh panel to the meshes in 
the top of the codend .. 

2. Cut Panel 4 from netting with a larger mesh (e.g. 60
mm) made from 36-ply twine or greater (Fig. Sb). Although
it is possible to use up to 90-mm mesh in the main escape
panel, the results from experiments conducted in the NSW
oceanic prawn-trawl fishery (Broadhurst and Kenelly
I 996a, 1997) suggest that 60 mm is more suitable for fishers
who seek to retain commercial-sized species such as red spot
whiting, Sillago jlindersi (> 16 cm). The length and width of
this panel will depend on the size of mesh used: to calculate
the required length of Panel 4. measure the lengths of Panels
I or 2 and then estimate how many bars of Panel 4 fit along
this length; to estimate the width of Panel 4, detcnninc the
length or 12 bars of the smal lcr mesh (from Panels I, 2 or 3)
and the number or bars in Panel 4 that match this length.
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made from lighter ply, it may be necessary to include an 
extra row of meshes across the top and bottom and along 
each of the sides. These can be 'picked up' (i.e. as a 
selvedge) when Panel 4 is sewn to Panels I, 2 and 3. 

3. After each of the square-mesh panels has been cut out,
attach one side of each of Panels 1 and 2 to the sides of Panel 
4. It is best to sew Panels I and 2 so that the square meshes
pull in opposite directions (i.e. simply 'flip' either Panel I or
2 over before sewing; see Fig. Sc).

4. Evenly sew one side of Panel 3 to the anterior edges of
Panels 1, 4 and 2 (Fig. Sc). 

5. The composite square-mesh panel must be placed in
the top of the codend as close as possible to the end. In 
codends made of two circumferences of mesh, it should be 
inserted in an area starting at least two meshes forward of 
the join between the two sections of the codend (i.e. in front 
of the join in the different circumferences of mesh). If the 
codend is composed entirely of a circumference of 100 
meshes, it needs to be inserted approximately 25-33 meshes 
ahead of the end of the codend. The width and length of the 
piece of diamond-shaped mesh that needs to be cut from the 
top of the codend depends on the size of smaller mesh used 
to construct the composite square-mesh panel. To determine 
the number of diamond meshes that need to be cut in a 
transverse direction (i.e. width), measure the width of the 
composite square-mesh panel and then calculate the number 
of diamond meshes required to match this distance, 
assuming a fractional mesh opening of 0.25 x the stretched 
mesh length (see also Robertson 1986). For example, the 
width of the composite square-mesh panel shown in Fig. Sc

is 540 mm (i.e. 24 bars x 22.5 mm) and the fractional 
opening of each 45-mm diamond mesh in the codend would 
be approximately 11.25 mm (i.e. 45 mm x 0.25). Therefore, 
to maintain consistent geometry around the codend, 48 of 
the diamond meshes (540 mm -:- 11.25 mm) would need to 
be attached to the anterior and posterior ends of the 
composite square-mesh panel. However, because the 
composite square-mesh panel is attached to half a mesh 
either side of the opening in the top of the codend, only 47 
diamond meshes need to be cut in the transversal direction 
(Fig. 6). To calculate the required number of diamond 
meshes that need to be cut in the normal direction (i.e. 
length), measure the length of the composite square-mesh 
panel and then calculate how many stretched diamond 
meshes equal this distance. If the smaller mesh used in the 
composite square-mesh panel is the same size as that used in 
the codend then two bars will measure the same distance as 
one mesh. For example, the composite square-mesh panel 
shown in Fig. 5 is 42 bars in length (45-mm mesh), requiring 
21 diamond meshes (45-mm mesh) to be cut (e.g. Fig. 6). 

6. The posterior end of the composite square-mesh panel
arc laced to the codcnd first. al a hanging rate of two 

25N 

Trawl 

T 

100 T 

M. K. Broadhursi ,·1 al 

45 mm diamond 
mesh 

45 mm mesh 
on the bar 

._,,.,--1--.l-4- 60 mm mesh 

on the bar 

End of codend 

Fig. 6. Diagrammatic representation of assembled composite square

mesh panel. 

transversal diamond-shaped meshes to one of the smaller 
square meshes. The remaining transversal diamond-shaped 
meshes (e.g. 23 T in Fig. 6) are spread evenly across the 
larger square meshes (60-90 m!Il)· Both the sides-and finally 
the anterior end are evenly :1aced to the codend. After 
installing the composite squar�-mesh panel, the 'lazy line' is 
attached to the codend in a manner ensuring that it remains 
clear of the square meshes during towing. 

The composite square-mesh panel has been designed so 
that the load is distributed anterior to, and lateral to, the 
larger mesh in the main escaP.e panel (e.g. 60-mm mesh), 
thereby allowing it to remain open. It is important that this 
BRD be sewn in correctly lo avoid changing the geometry of 
the codend (see also Robertson 1986, 1993). Because 
normal diamond mesh hung on the bar is used to construct 
the panel, the knots may slip. If this occurs, simply stretch 
the panel back into shape or, alternatively, construct the 
panel from heavier material (e.g. 3-mm braided twine). 
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Summary 

A framework for solving bycatch problems is described that involves combining the· respective expertises of 
scientists and fishermen. The first prerequisite for any attempt to ameliorate bycatch problems involves 
identifying and quantifying bycatches using large-scale observer programmes. These programmes involve 
scientists collecting information at sea from normal commercial fishing operations and so determine potential 
problems without relying on anecdotal information or data from research vessels. Once the species-specific 
distributions and abundances of bycatches are determined, modifications to fishing methods are· tested in 
experiments using commercial fishing vessels. The fishermen's roles in this framework are: (i) to b e  seen as the 
driving force in addressing any conflicts that may come from their bycatches; (10 to provide scientists with their 
unique practical knowledge of the relevant fishing technology; and (iii) to implement solutions into normal 
fishing operations efficiently and, in many cases, voluntarily. The scientists' role is to organize , analyse and 
disseminate the work. provide information on possible solutions through their access to the international 
literature and to ensure the scientific rigour of the experiments. Anally. both scientists and fishermen are 
responsible for communicating the solutions (and their adoption) to other fishermen. the public and special 
interest groups. The success of this approach is descr ibed using examples, from the prawn trawl fisheries of 
New South Wales, Australia, the shrimp and flsh trawl fisheries off the northeastem United States and the tuna 
purse-seine fisheries of the eastern Pacific. 

Earlier this decade, several authors correctly predicted that 
bycatch would become one of the most important fisheries 
issues of the 1990s (e.g . Klima 1993; Tillman 1993). 
Declining fish stocks in many of the world's fisheries, and 
widespread publicity over the incidental capture of charismatic 
species like dolphins and turtles, have led to commercial and 
recreational fishermen, conservationists, environmentalists, 
politicians. fisheries managers and scientists, all identifying 
bycatch as a key problem and calling for ways to reduce it (for 
rece111 fl·vinv, sec Andrc:w and l'c:ppc:rell i ')')2; Alverson et 11/.

I '/1Jt1: Kn111elll' l'J'Vi). 

In recent years, scientists and fishermen in some countries have 
successfully solved certain bycatch problems in their respective 
fisheries. In considering the procedures followed in these cases, it 
is apparent that a relatively simple and logical framework was 
adopted that involves fishermen and scientists each applying 
their respective expertises to the problem. In short, this 
framework or protocol (see Fig. 1) involves identifying and 
quantifying the relevant problem (via observer programmes). 
solving the problem through modifications to commercial 
fishing gears and/or fishing practices, and then 'selling' these 
solutions throughout die: partirnlar fishery and finally 10 
conc<:mcd i111ne" gnn1p,. 
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The problem: 

Widespread concern over a particular bycatch Issue 
by various I nterest groups 

; 1. Identify and quantify the problem through observer programmes 
• � wor1<1ng with � on typical fishing trips 

t 
2. Think of alternatives to aolve the problem (I.e. reduce bycatch) 

- � Ideas from other studies 8!1d the literature 
- fishermen's Ideas from their knowledge of their gear 8!1d practices

t 
3. Test these various Ideas to Identify the best solutions 

- � doing field e>eperirnents onboard fishermen's vessels 

- � analysing the data lor the best solution 

• lishmil!:n making k practical lor their operations 

t 
: 4. Publicize the solutions throughout the fleet 

- � doing talks, videos, articles, papers for fishermen 
not d'irectfy Involved In the tests 

- lisllemHul discussing and teaching each other how to use the 
modification 

5. Publicize this adoption lo those concerned 

- lisllemHul and � making various Interest groups aware of 
the solutions through the lnedia,

r
tings, etc. 

6. and so reduce the concern, solving the problem 

Fig. I. The framework used to address bycatch problems. 

THE FRAMEWORK TO ADDRESS BYCATCH PROBLEMS 

O�scrvcr programmes 

The fust step in this framework is to identify and quantify the 
particular byc:a.tch issue of concern by determining species
specific spatial and temporal variabilities in byc:a.tches - so 
removing any reliance on qua.li12.tive or anecdocd information. 
Such dat2. cannot be collected from information on commercial 
landings, nor can one rdy on fishermen to provide ac.curate data 
on bycatches (it is often argued, in fact, that it is in fishermen's 
bel.t interests not to provide such information). Further, one 
cannot rdy on information gathered from research vessels 
because such data may not mimic that gathered with commercial 
fishing vessds, gears, operating procedures, targeting decisions, 
etc. It is well established that the best way to obtain bycacch 
information is for scientists (or scientific observers) co work 
alongside fishermen on their own vessels and co collect the data 
in situ by sorting, identifying, measuring, counting and weighing 
retained and discarded catches (see also Howell and Langan 
1992; Saila 1983; Alverson et al 1994; Kennelly 1995; Murawski 
et al. 1995). While such observer surveys assume that fishermen 
do not change their normal operations in the presence of 
observers, they nevertheless constitute the most accurate form of 
bycarch information that can be gathered. 

It ,s <luring d11\ \tagc of the lralllcwork that sc1cnt1\t\, oh\c!\T" 
and lislinlll('fl 11\lJ:dl\' lorg(' working rclation,h,p, th.11 l.1t,·, 

A FRAMEWORK FOR SOLVING BYCATCH PROBLEMS 

prove vital in solving identified bycatch problems.  It is worth 
noting that these relationships do not arise out of port meetings, 
conferences or workshops (these are all important and occur 
later in the framework), but are developed onboard many 
different vessels, at sea, in rivers, during long days and nights, 
working alongside each other sorting catches. Without several 
years of working alongside fishermen in this way, scientists 
usually are not in a position to solve bycarch problems for two 
reasons: (i) they lack the necessary data on bycacches which 
identify the panicular issues chat required solving; and (ii) they 
lack the respect from industry that is needed to" work with them 
on solutions. 

Once the observer information is available for a particular 
bycatch concern, it is necessary to consider whether the concern 
reflects a real or merdy a perceived problem. If biological and 
stock parameters for the rdevant bycatch species are available, 
can be incorporated with observer data, and show that the 
concern does not reflect a real problem to populations, then the 
best way to amdiorate the concern may involve education 
programmes aimed at particular interest groups. If, however, 
such analyses prove otherwise (that the concern reflects a real 
problem to populations) or, as is often the case, the rdevant 
parameters are not available, then alternative ways to reduce 
bycatches may need to be considered. 

Alternative solutions 

Once the particular bycatch issue has been adequately 
identified and quantified, the scientists and fishermen are in a 
position to devdop alternatives that aim co reduce the problem. 
Developing alternative modifications to fishing gears and 
practices to reduce unwanted bycatch is best done as a joint 
exercise: the scientists provide information gleaned from other 
studies, the scientific literature, conferences, etc. and from 
liaising directly with other scientists throughout the wodd; the 
local fishermen provide their unique practical knowledge of 
their fishing gears, vessds and grounds and how various 
modifications may be applied in their operations. In bringing 
together both types of expertise and experience, the scientists 
and fishermen eventually identify chose modifications that 
warrant further consideration and field testing. 

Testing the alternatives 

Once various alternatives have been identified, the scientists and 
fishermen then test various selected modifications to gears and 
fishing practices via field trials onboard conventional 
commercial fishing vessels (usually chartered by the scientists). 
The scientists' role at this stage is to design rigorous field 
experiments and sampling protocols, and collect, analyse and 
write up the data as quality papers and reports char can pass 
critical peer review. The fishermen's role is to ensure that the 
proposed modifications and their fishing operations can be 
readily combined. Using commercial vessels to do chis research 
(rather than research vessels) is viral because: (i) it supplies 
skippers and crews who possess local knowledge of the 
conventional methods used an<l local fisl1tng grounds; (ii) 11 
\tq>plies control gears (e.g. UJtl\·,·11t1,11i;d nets) and fishrnr: 
pr.,, 11, n ag;11n\t wl11, I, the rt1odd1< .1t1<>tl\ , .111 he tested; ;ir1<I 
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(iii) it ensures the: interest and involvemenc of che rest of the fleet
(i.e. chose: not chartered for chc: research) because che research is
done: wich chc:ir collc:agues, alongside: thc:m, in chc:ir grounds,
using similar gears and vessels.

Afrc:r preliminary trials, refinements co various modifications, 
and subsequent rc:-tc:sting and rc:finemc:nt,scic:ntists and 
fishermen eventually arrive at some solution(s) that they 

conclude works best in reducing the identified bycatch problem 
in their particular fishery. 

Publicizing the results to other fishermen 

While the graphs and analyses of the data from the fidd trials 
usually convince scientists and managers of the utility (or 
otherwise) of the modifications, the next step is to illustrate the 
success of these modifications to the rest of the fishery (i.e. 
including those fishermen who were not directly involved in the 
research). This is done by presenting photographs, videos, data 
and reports to as many fishermen in the fishery as possible, 
through meetings, dockside talks, workshops and encouraging 
the circulation of the information throughout the fishery. The 
fishermen involved in the trials also discuss the modifications 
with other fishermen and assist them in making and using the 
modifications. These new users then inform other users and 
eventually many members of the various fleets arc using the 
modific;:ations to reduce their unwanted bycatch - in some 
cases this has even occurred on a voluntary basis without any 
changes in regulations (see below). 

Publicizing the solutions to the public 

Unfonunatdy, reducing bycatch via the above protocol is 
insufficient by itself to resolve the concern from various interest 
groups over the particular bye.arch issue (i.e. the initial problem). 
This final step can only be done by widespread publicity of the 
solutiof'.l, its development, testing and acceptance by fishermen 
to thos� most concerned with the issue. This is usually achieved 
by the fishermen and scientists making presentations to 
committees that represent other commercial and recreational 
fisheries, conservationists, and environmentalists, and releasing 
photographs, videos, interviews, etc. to the print, radio and 
television media. Armed with such evidence (in addition to 
verifying the credibility of the work publishing the results in 
scientif� journals), the scientists and fishermen involved are 
usually able to reduce the perceived problem and so reduce the 
concern identified as central to the initial problem. 

EXAMPLES USING THE FRAMEWORK 

Virtually all fisheries in the world have some bycatch associated 
with chem (interc:stingly, one: of the few fisheries chat has 
nc:gligiblc: bycatch is whale harpooning where the: only bycatch 
may inc!udc: some: barnacles). However, some: rypes of fishing are 
recognized as having grc:atc:r bycatch problems than others with 
two of the: more: infamous being: (i) dcmersal crawling for fish 
and prawns (or shrimp), which often results in the capture and 
discard of many juvenile fish that, when larger, would be 
targeted in other commerical and/or recreational fisheries; and 
(11) pur�<: seining around school\ of dolphins for rnna, which ha.\
kd "' 11H>rtalit1n of large nt1111ht·1\ nf dolpl111l\ (fiir a rece111
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review, sec Alverson et al. 1994). Of the few cases throughout 
the world where successful solutions to bycacch problems have 
been developed, several have dealt with problems in these rypc:s 
of fisheries. The rest of this paper briefly summarizes a few 
examples of the way in which the above framework was (and is 
being) used to resolve various bycatch problems in these cases. 

The prawn trawl fisheries of New South Wales, Australia

New South Wales, has experienced quite high-profile bycarch 
problems in its estuarine and oceanic prawn fisheries for many 
years (going as far back as the late 19th century- see Dannevig 
1904; for review see Kenndly 1995). In the late 1980s these 
concerns reached a maximum and resulted in threats to close 
certain prawn fisheries to stop the bye.arch of juvenile fish. At 
around this time it was discovered that, despite some anecdotal 
information, there were very few scientific data concerning this 
problem and so we began a large-scale observer programme was 
commenced in 1989 to identify and quantify the issue. This 
involved censussing catches on replicate, randomly selected 
vessels doing typical fishing trips in several estuaries and out 
from several oceanic ports throughout the State. 

The data from the observer programme led to quite 
uncompromising information on the bycatches of juvenile fish 
by various prawn trawl fleets (for details see Kennelly 1993; 
Kennelly et al 1993; Liggins and Kenndly 1996). For example, 
in the Clarence River esruarine fishery in the year 1991-92, it 
was estimated that in catching 270 t of prawns, this fishery 
discarded 123 t ofbycatch, including �0.8 million individuals of 
the recreationally and commercially important ycllowfin bream. 
In the oceanic fishery offshore from this river in the same year, 
we estimated that in catching 288 t of prawns, 4022 t ofbycatch 
was caught (including �6 million red spot whiting - an 
important commercial species). Of this bye.arch, an estimated 
725 t was landed for sale as 'by-product' (including various 
species of slipper lobsters, squid, octopus and large fish) while 
the rest (some 3297 t) was discarded. 

Information such as this was given to fishermen throughout 
NSW at various pon meetings and as written reports co all 
fishermen involved. After · some debate, these meetings 
�entually led to the scientists (and the fishermen) identifying 
the key bycatch problems in some detail (in terms of species
specific spatial and temporal patterns) and so made it possible to 
focus on possible solutions. In the example described above, the 
bycatch and discarding of large numbers of yellowfin bream 
were clearly seen as a problem for the Clarence River estuarine 
fishery. For the oceanic fishery, the bycatch of large numbers of 
small red spot whiting and other finfish was seen as a problem 
but (unlike the estuarine fishery) any solution in this fishery 
needed to take account of the fishermen's requirement co keep 
certain species of bycatch for sale as by-produce. 

Developing alternative modifications to trawl gears to reduce 
these unwanted bycatches was a joint exercise undertaken by 
scientists, fishermen and key net makers. The scientists supplied 
information from other studies, chc scicnrific literature, 
11Hc:rnacio11al t 011lcrencn and worbhop\. and from liai�ing 
dtr,·nly w1cl, ,nllni•.11e, throughout d,c world (npcu;tll)' ill<>\<: 



Fig. 2. The Nordmore grid design tested and now used in the Clarence 
River estuarine prawn trawl fishery 

in Norway, Scotland and rhe United Scates). The local fishermen 
and necmakers from the Clarence River supplied their unique 
practical knowledge of their fishing gear&, vessels and grounds 
and how various modifications could be applied in their 
operations. In this way, modifications were identified which 
warranted further consideration and field testing. 

These discussions led co the testing of several kinds ofNordmore 
grids and square-mesh panels in these estuarine and oceanic 
fisheries via manipulative experiments onboard chartered 
commercial vessels sec up co crawl in the conventional way. In 
general, these experiments cook the form of paired comparisons 
of modified nets with conventional nets and were analysed using 
paired t-cescs and analyses of variance (for details, see Broadhurst 
and Kennelly 1994; Broadhurst et al. 1996; and Broadhurst 
et al. in press). 

Preliminary trials , refinements to various modifications, further 
testing, and refining, came up with two modifications for these 
fisheries chat proved successful at reducing bycacch while 
maintaining and sometimes even enhancir;ig catches of prawns. 
Because the targeted prawns (eastern scpool prawns) in rhe 
estuarine fishery were smaller than the bycicch to be excluded, a 
Nordmore grid was found to be most suitable for this fishery 
(Fig. 2). Figure 3 shows the striking difference in bycatches char 
came from using this grid in the fishery and the data shown in 
Figure 4 confirm these results wirh bycatches (including bream) 
being greatly reduced while prawn catches were maintained. 

For the oceanic fishery, such grids were not appropriate because the 
cargeced prawns (eascern king prawns) were quite large and the grids 
cended co exclude mosc of the by-produce species which the 
fishermen wished to recain (slipper lobsters, ;occopus. squid, larger 
fish, etc.). For this fishery we developed a unique rype of composite 
square-mesh panel ancerior co the cod-end (see Fig. 5) - che theory 
being chac small fish swam ouc of che cod-end with the wacer 
now1ng chrough chc panel while the less mobile prawns. slipper 
loh,cn,. ,q111d ,rnd occopm would go co chc back of chc cod-end. 
The'"'"' of lid, excluded 111 elm wav could bt sdecced by adjuscing 
d,c 11,c,I, \1/c 111 d,c ,q11arc-111c.,li pa11d hg11rc (, �how, chc cfft·u, ol 
d11, p.11wl 011 l>1·, .11d1<·, .. 111d hg111c / ,I""''' cl1t· daca co11/irn11111: 
111<',<' ,nl1n 111111, 111 hn..llt IH·, (11H lud1n1� red \pot ,vl11t111g) ,vlul,1 
,.11,!1( !, 1•:.1,·.:1·. ,-.1·1( r:1.11r!l.111H·(l .1111! c,·(·11 ,11!',lirk c1d1.111t1·(! 
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A FRAMEWORK FOR SOLVING BYCATCH PROBLEM, 

Fig. 3. Example of the catches from paired comparisons in the 
Clarence River estuarine prawn trawl fishery using a conventional cod
end ( on the left) and one with a Nordmore grid ( on the right) 

Whilst the graphs and analyses of the data from the above trials 
convinced various anonymous referees of the usefulness of the 
modifications, it was the photographs (e.g. Figs 3 and 6) , 
videos, and meetings with the chartered fishermen that 
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Fig. S. The composite squaremesh panel modlfi9-tion tested and now 
used in NSWs oceanic prawn trawl fishery. 

illustrated the success of these modifications to fishermen who 
were not directly involved in the research. Distributed 
photographs and videos were distributed to fishermen in the 
relevant pons and the circulation of_thc information to other 
ports was encouraged. The fishermen involved in the trials 
discussed the modifications with other fishermen and assisted 
them in making and using the modifications. These new users 
then informed other users and before long, · the majority of 
fishermen in the Clarence River estuarine and oceanic fisheries 
were using these gears and reducing their unwanted bycatchcs 
- all on a purely voluntary basis without any changes m

Fig. 6. Example of the catches from paired comparisons in the 

Clarence River oceanic prawn trawl fishery using a conventional cod-end 

(on the left) and one with the composite square-mesh panel modification 

(on the nght) 
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Fig. 7. Summaries of data (for weights of prawns and bycatch and 
numbers of red spot whiting) from comparisons of a cod-end with the 
composite square-mesh panel modification and a conventional cod-end 
in the Clarence River oceanic prawn trawl fishery. 

regulations. News of these modifications has now spread to 
other ports and estuaries throughout NSW and southern 
Queensland and many fishermen in these other ports arc now 
also using these gears voluntarily. We arc currently in the 
process of ensuring that most of the fishermen in these other 
ports know about these modifications before their legislative 
adoption (which should result in complete compliance across 
these fisheries). Because of the widespread voluntary acceptance 
of che new gears, we believe that this last legislative seep should 
be a relatively painless process. 

The final stage in this work was to address the widespread 
concern from various interest groups over the issue. This has 
been done by widespread publicity of the solution, its 
development, testing and voluntary acceptance by fishermen to 
those most concerned with the issue. this is bcing·achieved by 
the fishermen and scientists making presentations to committees 
(representing other commercial and recreational fisheries) and 
releasing photographs, videos, interviews etc. to the print, radio 
and television media. With such evidence (and the credibility 

achieved through the publication of the results in scientific 
journals), perceived problems concerning this issue in these 
fisheries were reduced. 

Trawl fisheries in the northcastcm United States 

Like the prawn trawl fisheries in New South Wales and many 
other prawn and shrimp trawl fisheries throughout the world, 
the shrimp trawl fishery in the Gulf of Maine (in the northeasc 
United Scates) has attracted substantial concern over its bycatch 
and discard of small fish (e.g. Howell and Langan 1992).

Further, the solution of this issue in this region has followed a 
very similar path as that described above for NSW. Since 1988,

the National Marine Fisheries Service has operated a large-scale 
observer programme in most of the fisheries in the region, 
supplying managers and scientists with their chief source of 
information on discards (e.g. sec Murawski er al. 1995). The 
data from this programme identified and quantified the 
prohkms associated with bycatch from d,t· shrimp fishery and. 
:1!'1cr :i period of' dn•t·lo1>rnc111 hy ,ur111"1s and fishermen, ;1 
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Hendrickson 1995). While che incroduction of this grid inco 
chis fishery was not done voluncarily but was mandated, there is 
now reasonable ac.ceptance of the gear by shrimp trawlers and, 
because of the publicity surrounding the effectiveness of the gear 
and its ac.ceptance, there has been a large decrease in concern 
over shrimp trawl bycatch in this region. 

T he groundfish trawl fisheries of the northeascern United States 
have also attracted their share of attention with regard to the 
discarding of other species and undersized individuals of target 
species. A summary of the observer data for these trawlers from 
1990 to 1994 is seen in Table 1, which shows the average 
retained and discard rates (per trawl hour) of several important 
species. These summary 6gurcs highlight quite significant 
discarding rates for ·those species shown and more detailed 
analyses (Kennelly 1996) quantified the sorts of spacial and 
temporal patterns in discarding which, for several years, have 
caused significant conllicts with various user groups. For 
example, the discard of lobsters has caused conflict with lobster 
trappers, the discard of srup has caused problems with various 
recreational fishing groups and the discard of flatfish has caused 
problems with various commercial fisheries. 

While the solutions to these problems for fish trawl gear may 
not be quite as simple as using Nordmore grids or square-mesh 
panels in shrimp trawls, recent dcvdopments in sorting devices 
for finfish and other species in fish trawl gear may provide some 
possible solutions. Modifications such as downward sorting 
grids and horimntal panels in nets have been shown to have 
great potential for reducing the bycatches of unwanted species 
and unwanted sizes of c.crt2.in species in Norwegian ground.fish 
trawls (sec Isaksen 1993; Larsen and Isaksen 1993; Engas and 
West 1995) and scientists in the northcastcrn United States are 
rurrcntly working with local fishermen to test the effectiveness 
of some of these designs. Because of the existence of the large
scale observer programme, these scientists bdicve that the most 
difficult job in solving such bya.tch problems is already in hand. 
That is: (i) they already have good observer data that identifies 
and quantifies the species-specific spatial and temporal scales of 
various problems, and (ii) they have established a working 

Table I. Summary of retained and discarded catches In the 
northea.stem United States, 1990-199-4: as estimated 
by the observer programme 

Total catch (all species) 668.2 611.3 -47.8 

Lobster 1.-4 1.9 57.9 

Scup (porgy) 22.9 18.3 -4-4.5 

Butterfish 55.9 26.-4 32.1 

Red Hake 12.-4 3-4.8 73.7 

Silver Hake 182.2 33.3 15.-4 

Yellowtail flounder 9.9 3.9 28.3 

Winter flounder 10.9 2.7 20.0 

American plaice '4.8 1.5 23.4 

Windowpane flounder ·U 5.0 53.8 

A FRAMEWORK FOR SOLVING BYCATCH PROBLEMS 

environment with fishermen that should enable such solutions 
co be tested, pr�ven and eventually adopted. 

Tuna purse-se�e fisheries of the eastern Pacific 

In recent year�, Marcin Hall (Head of the Tuna-Dolphin 
Program at the Inter-American Tropical Tuna Commission) has 
described in several papers the suc.cess of the tuna purse-seine 
fisheries of the eastern Pacific in reducing the mortality of 
incidentally-ca1-1ght dolphins (Hall 1994; Hall in press a and b). 
T his particular bycatch issue has been one of-the most infamous 
in the world since the 1960s with very dramatic outaies from 
Greenpeace and other. environmental and conservation 
organizations. Fortunatdy, this fishery has had very high 
observer coverage, with most trips by most vessels covered, so 
information on discarding is quite thorough and has led to an 
excellent understanding of the dolphin issue and ways to solve it. 

' 

The most common way purse scincrs fish in this region is to 
encircle groups of dolphins to catch.the tuna that they swim with. 
In the early years of the fishCl)', the incidental mortality of dolphins 
using this method was quite high (an average of ,. 350000 
dolphins/year during the 1960s) which is believed to have caused 
significant declines in populations of dolphins in the region. In the 
1960s and 1970s, fishermen developed ways to reduce these 
mortalities and dolphin mortalities dropped to 20000 to 
40000/ycar in i:he early 1980s. After this time, however, new 
entrants into the fishery and more targeting on dolphins led to 
increases in dolphin mortalities (133000 in 1986). 

However, since that time, dolphin m9rtalities have been reduced 
by about 97% (to 3300 in 1995) through the dcvdopment of a 
series of modifications to the purse scines used, the rdcasc 
practices· of the encircled dolphins, and the education and 
training of skippers and aews in the techniques and special skills 
required. ThCS(! modifications were developed over time by 
fishermen and scientists and involved a wricty of operational and 
gear modifications, e.g. diffi:tcnt mesh sizes were incorporated 
into certain sections of the purse scines used, a d.iffi:rcnt method 
w.a.s dcvcloped for tying the code line, a manoeum: termed 
'back.down' after dolphins were encucled was developed (Medina 
l994), speedboats and dolphin rescue boats were incorporated 
into operations, and key places containing populations of 
dolphins partiqtlarly prone to discard mortality were avoided. 
Next, once such modifications were devdoped, they were shown 
to participating fishermen in a largc-scale education programme 
that included tpe training of skippers and acws in the new 
techniques. Many of the programmes devdopcd by the staff of 
the IMTC's Tuna-Dolphin programme have been implemented 
by an incernational agreement called the Panama Declaration 
which led to widespread adoption of the wrious modifications by 
fishermen. The suc.cess involved in reducing this bycacch 
problem is now.being publicized to the various conservation and 
environmental organizations to the point where the widespread 
concern over this issue is gradually declining. Currently, 
Greenpeace, World Wilcilife Fund, Environmental Defense Fund 
and the Center for Marine Conservation arc supporting these 
programmes. In summary, the success of the work done in this 
fishery by the scientists and fishermen involved has shown that it 
was possible to save rhe dolphins without closing a major fishery. 
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S. J. Kennelly 

CONCLUSIONS 

A common point made whenever bycatch issues are discussed is 
chat, while most fisheries have bycatch and many have particular 
bycatch problems, there are no easy 'quick fixes' to these problems
(see also Alverson et al 1994; Pitcher and Chuenpagdee 1994). 
The number and variety of bycatch problems in the world's 
fisheries are at least as numerous and complex as the fisheries 
themselves and no simple solution will work for all problems. {The 
marked success of the Nordmore Grid in many of the world's 
prawn and shrimp fisheries suggests that this device may be as close 
as one gets to a generic solution to prawn and shrimp trawl bycatch 
problems - although it too has its limitations if the targeted 
prawns are larger than or of a similar size to the unwanted bycatch). 
Despite the need for fishery-specific solutions to bycatch issues, 
however, this paper has demonstrated that in S<:Vaal very disparate 
cases where bycatch issues have been resolved. the fishermen and 
scientists involved have tended to adhere to a certain common 
prococol. These successes would suggest that subsequent attempts 
to ameliorate bycatch problems in other fisheries should at least 
consider such a framework as a useful �y to begin. 
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Abstract 

Two experiments were done in a flume tank to quantify the effects of codend mesh 

circumference on water flow. The mesh circumference of the posterior section of 

prawn-trawl codends (with and without by-catch reducing square-mesh panels) were 

assessed with three weights of catch (30 kg, 50 kg and 70 kg). Compared to a codend 

made with a circumference of 100 meshes throughout its entire length, a codend 

with an anterior section of 100 meshes and a posterior section 200 meshes in 

circumference significantly increased the displacement of water forwards (up to 1120 

mm from the end of the codend). This result varied with the weight of catch in the 

codend. The second experiment involved placing composite panels of square

shaped mesh (by-catch reducing devices) into the tops of the anterior sections of two 

codends with the same configurations as those above (termed the 100 and 200 panel 

codends). There was a displacement of water forwards immediately under the 

square-mesh panel in the 200 panel codend (by up to .2200 mm from the end of the 

codend). The results are discussed in terms of: (i) the probable effects that codend 

mesh circumference and water displacement in codends have on fish behavior, and 

(ii) implications for the future development of by-catch reducing devices like

square-mesh panels in prawn-trawls.

Key words: By-catch reduction; Square-mesh panels; Hydrodynamics; Prawn-trawls; 

Codend mesh circumference. 
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Oceanic prawn-trawling occurs from 9 major ports in New South Wales (NSW) 

Australia and has a total value of approximately A$17 million per annum. The 

principal target species is the eastern king prawn (Penaeus plebejus) although a 

significant proportion of the total value is derived from the sale of legally retained 

by-catch comprising individuals of several species of fish, crustaceans and 

cephalopods (see Kennelly, 1995). In addition to this landed catch, however, 

significant numbers of non-target organisms of no commercial value are also 

captured and. discarded, including juvenile fish of species which, when larger, are 

targeted in other commercial and recreational fisheries (Kennelly, 1995). 

Concerns over the incidental capture and mortality of large numbers of 

juveniles have led to the development of various by-catch reducing devices (BRDs), 

designed to minimize undesirable by-catch while maintaining catches of prawns 

and other commercially valuable individuals (Broadhurst et al., 1996; Broadhurst 

and Kennelly, 1996; 1997). In particular, a new design comprised of composite 

panels of square-shaped mesh (referred to as the composite square-mesh panel) was 

shown to increase catches of prawns (by up to 14%) (Broadhurst and Kennelly, 1997) 

while significantly reducing up to 40% of total unwanted by-catch and up to 70% of 

the numbers of small individuals of commercially important species such as 

whiting (Sillago spp.) (Broadhurst and Kennelly, 1996). 

The results from these experiments were attributed primarily to differences in 

the behavior of fish and prawns in the trawl. Fish were believed to have been 

herded close together in the anterior section of the codend, upsetting the normal 

balance of the school and initiating an escape response towards the sides and top of 

the net and out through the open square-shaped meshes (Broadhurst and Kennelly, 

1996). A contributing factor towards this escape was thought to be the effects on 

water flow due to the circumference of meshes in the posterior section of the 

codend. In an experiment to test this hypothesis, Broadhurst and Kennelly (1996) 

showed that a conventional codend made from an anterior section of 100 meshes 

circumference and a posterior section 200 meshes in circumference (a common 

commercial configuration) was less selective (i.e. retained more by-catch) than a 

conventional codend with a 100 mesh circumference throughout its entire length 
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(see also Robertson and Stewart, 1988; Armstrong et al., 1990; Reeves et al., 1992; 

Galbraith et al., 1994). However, a comparison of codends with the same netting 

configurations as above but containing composite square-mesh panels located in 

their anterior sections showed that the effects on selectivity due to increased 

circumference in the posterior section were negated by a significant increase in the 

escape of small fish (e.g. red spot whiting, Sillago fiindersi) through the square

meshes. 

These results led to the hypothesis that increased twine area and smaller 

mesh openings in codends with posterior sections of 200 meshes circumference, 

increased the displacement of water forwards and out through the meshes in the 

anterior section (see also Watson, 1989). In turn, this water movement may have: 

(i) physically directed small fish out through the strategically-positioned composite

square-mesh panel; (ii) assisted them to maintain station in front of the catch in the

codend, increasing their likelihood of randomly encountering square-meshes;

and/ or (iii) stimulated their lateral line receptors and so their overall escape

response. The reaction of prawns to this stimuli was thought to be minimal, given

their inability to sustain escape responses in trawls (see Lochhead, 1961; Newland

and Chapman, 1989).

While the results from the paper discussed above led to several hypotheses 

about changes in water flow and fish behavior due to changes in codend geometry, 

we lacked the quantitative information on flow rates necessary to support or refute 

them. Such information is important for developing new designs of codends and 

understanding where to position square-mesh panels and other BRDs. Our goals in 

the present study were to quantify the effects on water flow at various positions in 

codends and under square-mesh panels in two flume tank experiments. We 

simulated commercial conditions in the flume tank by using different weights of 

catch in various codend designs tested. 

Materials and methods 

Two experiments were done in May 1996 at the Australian Maritime College using 

the Faculty of Fisheries and Marine Environment's flume tank. This facility 
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consists of a recirculating flow tank of fresh water, measuring 17.2 m long, 5 m wide 

and 2.5 m deep and comprises three levels: (i) an upper level where nets, etc are 

placed into the tank, (ii) an observation level, with a continuous perspex viewing

window and (iii) a water return channel. The two lower levels feature a series of 

delivery bends and screens that maintain constant water velocity throughout the 

depth of the tank without any swirls or vortices. Several electric motors, hydraulic 

pumps and impellor shafts provide water flow of up to 1.5 m s-1. 

An electromagnetic current meter was attached to the base of a stainless steel 

stanchion (Fig. lA) and linked to a computer via a coaxial cable. The stanchion was 

attached to a moveable carriage positioned on rails over the upper level of the 

flume tank. This assembly enabled the current meter to be repeatedly located at 

several predetermined positions within the tank. 

A full-scale Florida flyer prawn-trawl (mesh size 40 mm of 18 ply twine) with 

a headline length of 5.4 m, was rigged to two fixed stanchions, located on the sides of 

the forward section of the flume tank. The trawl was rigged with a zipper (No. 10 

nylon open-ended auto-lock plastic slides) to facilitate changing the codends. The 

codends used in the experiments were of normal commercial size and materials, 

measuring 58 meshes long (2.3 m) and constructed from 40 mm mesh netting and 

60 ply UV-stabilized high-density polyethylene twine. These codends were 

comprised of two sections: the anterior section was 33 meshes long and attached to a 

zipper; the posterior section was 25 meshes long (for details see Fig. 1, B and C - see 

also Broadhurst and Kennelly, 1996). 

Experiment 1 

Two codend designs were compared. The codends (termed the 100 and 200 

commercial codends) were made entirely of diamond-shaped meshes and were 

comprised of anterior sections with a circumference of 100 meshes, attached to 

posterior sections with circumferences of 100 and 200 meshes respectively (Fig. 1, B 

and C). Three incisions of the same size as the width of the current meter's 

stanchion (three meshes in length), were made in the tops of each codend at 
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distances of 2200 mm, 1120 mm and 560 mm forward from the end of the codends to 

facilitate placement of the current meter inside the codends (Fig. 1B). 

Experiment 2 

The two codends compared in this experiment were similar to the 100 and 200 

commercial codends described above but included composite square-mesh panels 

made of 60 mm and 40 mm netting (36 ply and 48 ply UV-stabilized high-density 

polyethylene twine, respectively) cut on the bar and inserted into the tops of the 

anterior sections (termed the 100 panel and 200 panel codends) (for details see Fig. 1C 

and Broadhurst and Kennelly, 1996). Because the current meter (and not its 

stanchion) was inserted only 5 cm into the tops of the codends (Fig. 1C), it was not 

necessary to cut the meshes of-these codends. Instead, four positions were labeled 

with a permanent marker at 2200 mm, 1720 mm, 1490 mm and 1130 mm forward 

from the end of the codends (Fig. 1 C). 

Experimental procedure 

Thirty five rubber balloons were each filled with 21 of water, providing a total mass 

in air of 70 kg. These balloons were used to simulate masses of catch in the codends. 

In each experiment, the two codends were tested alternately. The particular codend 

to be examined was attached to the trawl and loaded initially with 15 balloons (i.e. 30 

kg). The hydraulic pumps in the flume tank were activated and adjusted to produce 

a flow of 1.2 m s-1 (the standard towing speed during commercial operations). After 

a stabilizing period of 10 minutes, the stanchion containing the current meter was 

alternately lowered into each of the predetermined positions in the codends (three 

in experiment 1 and four in experiment 2). After a further stabilizing period of 1 

minute at each position, the current meter was switched on and left for a period of 

one minute during which the flow of water immediately anterior to the current 

meter was recorded at one second intervals and the data sent to the computer. The 

mean flow rate from each minute of recording was calculated from these data and 

used in subsequent analyses. After each reading, the current meter was moved to 

the next position and the procedure repeated. After six replicate readings were 

collected for each position, the flow of water in the flume tank was reduced to 

approx. 0.5 m s- 1 and additional balloons were added to the trawl to simulate an 
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increase in the volume of catch. The above procedure was then repeated to obtain 

data on the flow of water at each position with 50 kg (25 balloons) and 70 kg (35 

balloons) in each codend. 

Data analysis 

Data collected in each experiment were examined using Cochran's test for 

homogeneity of variances and transformed if necessary. Data from experiment 1 

were analyzed in a three-factor fully orthogonal, balanced analysis of variance. The 

factors were codends, positions and weights. Data from experiment 2 were analyzed 

at each position in two-factor fully orthogonal, balanced analyses of variance 

(Underwood, 1981). Significant differences detected in these analyses were 

investigated by Student-Newman-Keuls (SNK) multiple comparisons of means. 

Results 

Experiment 1 

The analysis of variance showed that there were significant differences in flow rates 

between the type of codend, position of the current meter and weight in the codend, 

and significant interactions among codend-type, positions and weights (Table 1). 

SNK tests showed that mean water flow was greatest at position no. 2 (1.162 m s-1) in

the 100 commercial codend with a catch of 30 kg and lowest at position no. 3 (0.709 

m s-1) in the 200 commercial codend with 70 kg (Fig. 2). SNK tests also show:ed that,

compared to the 100 commercial codend, there was a significant reduction in mean 

water flow in the 200 commercial codend with 30 kg at position no. 2 (mean 

difference of 0.071 rn s-1) and across all three weights (30 kg, 50 kg and 70 kg) at

position no. 3 (mean differences of 0.203 m s·1, 0.176 m s·1 and 0.184 m s·1,

respectively) (Fig. 2; Table 1). While SNK tests did not detect differences in mean 

water flow between codends with 50 kg and 70 kg at position no. 2 nor across all 

weights at position no. 1, these combinations of weight and position showed similar 

trends as those described above - i.e. a mean reduction in water flow by the 200 

commercial codend (Fig. 2). 

Experiment 2 
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There were significant differences in the mean water flow between the type of 

codend at position nos. 2, 3 and 4 and between weights at position nos. 2 and 3 (Table 

2). There was a significant interaction between the type of codend and weight at 

position no. 1. SNK tests detected differences in the mean flow rates between the 

100 and 200 panel codends at position nos. 1, 3 and 4 (Fig. 3). Compared to the 100 

panel codend, there was significantly less water flow in the 200 panel codend with a 

catch of 70 kg at position no. 1 (0.115 m s-1 difference between means) and at position

no. 3 with 50 kg (difference of 0.102 m s-1) (Fig. 3, A and C; Table 2). Conversely, at

position no. 4, SNK tests detected an increase in the mean water flow in the 200 

panel codend with a catch of 30 kg compared to the 100 panel codend (difference of 

0.067 m s-1 ) (Fig. 3D). There was also a similar, although not significant result for 50

kg at this position. There were no other significant differences although, at position 

nos. 2 and 3 there were similar trends across all weights (i.e. a reduction in water 

flow in the 200 panel codend) (Fig. 3B and C). 

Discussion 

This study showed that the weight of catches and the configuration of the posterior 

section in codends can have significant effects on the displacement of water in the 

anterior section of codends. In interpreting these results, it is important to note that 

under the simulated conditions in the present study, water was forced through a 

stationary trawl (at 1.2 m s-1). Any localized displacements of water forwards in the

codends examined in this study, therefore, can be expressed as a reduction in the 

flow entering the trawl and calculated by subtraction from 1.2 m s-1• 

The flow of water at all positions in the 4 codends tested was less than 1.2 m s-

1, indicating that there was displacement of water anterior to the catch. However, 

the degree of this anterior water displacement varied significantly between the 

codends tested in each experiment (Figs. 2 and 3). For example, in experiment 1, the 

200 commercial codend showed a significant increase (compared to the 100 

commercial codend) in the displacement of water forwards at position no. 3 across 

all weights of catch (difference in mean flow of up to 0.203 m s-1 - Fig. 2 and Table 1).

These differences in flow may be attributed primarily to the distribution of the 

balloons used to simulate catch in the two codends and consequent changes in 
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codend geometry. In the 200 commercial codend, the balloons were observed to 

spread out evenly in the posterior section, providing a greater surface area of catch 

incidental to the flow than in the 100 commercial codend. This effect, combined 

with the increase in the area of twine in the 200 commercial codend probably caused 

an increase in the displacement of water forwards in this codend. 

The above effects in the 200 commercial codend were also detected at position 

no. 2 with 30 kg of balloons and, although the ANOV A failed to detect significant 

differences for the other weights at this position, the trends in the results were 

similar· (i.e. a reduction in flow in the 200 commercial codend compared to the 100 

commercial codend - Fig. 2 and Table 1). At position no. 1, for all weights, the force 

of the displaced water in front of the 200 commercial codend had dissipated to the 

extent where there were no significant differences between the two codends (Fig. 2 

and Table 1). It can be assumed, therefore, that the major influence of increased 

codend circumference on water displacement in the middle of the 200 commercial 

codend probably occurred up to some point between position nos. 2 and 3 (560 mm 

to 1120 mm from the end of the codend), relative to the weight of catch. 

In experiment 2, the effects of increased codend circumference on water 

displacement under the square-mesh panel were detectable at a greater distance 

from the end of the codend than those described above. Compared to the 100 panel 

codend, there were significant reductions in flow ( corresponding to an increased 

displacement of water forwards) in the 200 panel codend at position nos. 1 and 3 

(2200 mm and 1490 mm from end of the codend) with a weight of catch of 70 kg and 

50 kg, respectively (mean differences in flow of 0.115 m s·1 and 0.102 m s·1, 

respectively) (Fig. 3A and C; Table 2). Although not significant, there were similar 

trends at position no. 2 for each weight and at position no. 3 for 30 kg and 70 kg (Fig. 

3B and C; Table 2). In contrast, there was a significant increase in the flow of water at 

position no. 4 in the 200 panel codend with 30 kg and a similar result (though not 

statistically significant) for 50 kg (Fig. 3D; Table 2). This anomaly may be explained 

by the fact that the balloons in the 200 panel codend (like those in the 200 

commercial codend) were orientated evenly across the surface area of the posterior 

section, increasing its diameter and decreasing the angle of incidence of its netting as 
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it leads into the anterior section of the codend at position no. 4. Although the 

current meter was located immediately under the composite square-mesh panel, at 

this position it was effectively aligned slightly above the anterior section of the 

codend and may have been influenced by the current outside the trawl, negating 

some of the flow-related effects of codend mesh circumference. 

With the exception of this latter result, the measured reductions in flow at 

most positions in the 200 codends (corresponding to increases in water displacement 

forwards) support the hypothesis that an increase in the circumference of meshes in 

the codend contributes towards the escape of small fish (between 5 and 20 cm) 

through the composite square-mesh panel (see Broadhurst and Kennelly, 1996; 

1997). The size of these fish suggests that they are using anaerobic muscle power to 

maintain position in the moving trawl (1.2 m s-1) and are fatigued when they enter

the codend (see Beamish, 1978; Wardle, 1989). A relatively small increase in the 

displacement of water forwards (e.g. 0.203 m s-1 at position no. 3 in the 200

commercial codend or 0.1 m s-1 at position no. 3 in the 200 panel codend) may be

sufficient to (i) assist small fish to swim forwards and out through the square

meshes in the panel and/ or (ii) enable them to reduce their tail-beat frequencies and 

maintain their position in the codend for a longer period, increasing their chances 

of random escape through the panel and/ or (iii) stimulate their lateral line receptors 

and so their overall escape. 

Without direct observations of fish swimming in the codend, it is difficult to 

determine their specific behavior during escape. Whatever their actual escape

mechanism, however, the results obtained in this study provide important 

information for the subsequent design and location of BRDs like the composite 

square-mesh panel. It is apparent that to maximize the effects of anteriorly displaced 

water in the posterior section of codends, the composite square-mesh panel should 

be located as close as possible to the end of the codend, but sufficiently forward of the 

anticipated build-up of catch to prevent prawns from accumulating past the square

meshes and escaping through them. A solution to this problem would be to 

increase the codend mesh circumference in the posterior panel (i.e. the 200 panel 

codend), causing the catch to spread laterally in the back of the codend, rather than 
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accumulate forwards. Whilst such a modification would also increase surface area, 

the displacement of water forwards and probably enhance fish escape through the 

square-mesh panel, it would also reduce mesh openings and the selectivity of the 

codend itself (Broadhurst and Kennelly, 1996). 

An alternative modification which may increase displacement of water 

forwards (other than increasing codend circumference and catch) is to move the 

composite square-mesh panel forward in the codend and create areas of "artificial 

catch" using semi-porous panels (e.g. fine mesh). These could be positioned on the 

bottom· of the codend, posterior to the panel and at an angle to the direction of tow 

(e.g. see Fig. 4). Such modifications should produce similar flow-related effects as 

those observed in this study: i.e. displacing water anteriorly, directing fish towards 

the panel. Future research into the refinement of square-mesh panels and other 

BRDs in prawn-trawls that exploit the behavioral differences of fish in trawls, may 

benefit from these or ·similar modifications. 
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Captions to figures 

Fig. 1. Diagrammatic representation of (A) the current meter and its stanchion, (B) 

100 and 200 commercial codends and the 3 positions of water flow readings 

and (C) 100 and 200 panel codends and the 4 positions of water flow readings. 

Fig. 2. Differences in mean flow rates± SE between the 100 and 200 commercial 

codends tested in experiment 1 ( < and > indicate direction of differences in 

SNK tests). 

Fig. 3. Differences in mean flow rates± SE between the 100 and 200 panel codends 

tested in experiment 2 for each position of the current meter and for different 

weights (< and > indicate direction of differences in SNK tests of means). 

Fig. 4. Diagrammatic representation of proposed modification to codends containing 

the composite square-mesh panel. 
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TABLE 1. - Summaries of F ratios from the analysis of variance to determine 

effects on water flow due to different codends (i.e. 100 and 200 commercial 

codends ), position of current meter and weight in the codend. The sqrt(x) 

transform was used to stabilize variances. In all tables *P =<0.05; **P = <0.01. 

Treatment d.f. Water flow (m s·1)

Codends (C) 1 162.52**

Position (P) 2 388.16**

Weight (W) 2 62.42**

CxP 2 35.01 **

CxW 2 8.04**

PxW 4 12.39**

CxPxW 4 0.81 

Residual 90 



TABLE 2. - Summaries of F ratios from analyses of variance to determine effects on water flow at different positions due to 

different codends (i.e. 100 panel vs 200 panel), and weights. The transforms used to stabilize variances (if required) are also 

listed. 

Treatment d.f. Position no. 1 Position no. 2 Position no. 3 Position no. 4 

sqrt(x) 

Codend (C) 1 2.21 5.88* 5.16* 7.92**

Weight (W) 2 2.29 3.95* 8.56** 1.34 

CxW 2 7.81 ** 0.87 0.74 2.77 

Residual 30 



TABLE 3 - Summaries of histopathology done on 2 randomly selected fish from each treatment and control tank in group 2, experiment 2. Fish that died 

during the experiment are in bold type and fish that survived the experiment are in plain type; (T) treatment tank; (C), control tank; Lengths in centimetres; Scale-loss 

in percent;(+++,++,+, 0) severe, high, moderate and none. 

Tank Fish Fish Day of Total Diffuse Focal Fusion of Copepods Cryptocaryon Blood vessel Epitheliocystis 

no. no. length mortality scale-loss hyperplasia hyperplasia filaments lesions 

TI I 10.5 29 10.1 ++ ++ + ++ + + 0 

TI 2 14 30 1.5 + +++ + + ++ + + 

T2 I 10.5 28 3 +++ ++ + + + + + 

T2 2 10 29 0 ++ ++ ++ + ++ ++ + 

T3 1 10 39 0 ++ ++ ++ + 0 0 + 

T3 2 10 40 0 ++ +++ ++ + ++ + + 

T4 1 11.5 40 2 ++ ++ ++ + + + + 

T4 2 9.5 40 0 ++ 0 0 0 ++ 0 0 

T5 10.5 40 0 + +++ +++ + + + + 

T5 2 10 40 0 ++ ++ + + + + + 

Cl 1 10.5 37 2 ++ ++ 0 + + + + 

Cl 2 10 38 0 +++ ++ ++ + + 0 0 

C2 10 40 0 +++ + + 0 +++ 0 0 

C2 2 9 40 0 + ++ + + + .+ + 

C3 12 40 0 ++ ++ ++ + + + + 

C3 2 8.5 40 0 + ++ ++ + + 0 0 

C4 8 40 0 + ++ 0 0 + 0 + 

C4 2 II 40 0 + +++ ++ ++ ++ 0 + 

CS 9 40 0 + ++ + ++ ++ 0 + 

CS 2 9.5 40 0 + ++ + + + 0 0 
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ABSTRACT 

Two laboratory experiments were done to assess the scale-loss and survival of juvenile 

yellowfin bream, Acanthopagrus australis after (i) simulated escape through the guiding panel of a 

Nordmore-grid and (ii) release after capture by hook and line. In both experiments the total scale

loss on treatment fish was quite low ( < 3% ). In experiment 1, yellowfin bream that were fatigued 

to exhaustion and forced to pass through a guiding panel showed significantly more scale-loss at, 

and posterior to, their area of maximum height than fish that were fatigued but did not pass through 

the guiding panel (60.5% to 80% difference in means). In experiment 2, fish that were hooked 

and then released lost significantly more scales across their entire body than did control fish (79% 

to 87% difference in means). There were negligible mortalities over the duration of experiment 1 

(30 days).· In experiment 2, all fish in four treatment tanks (40 fish) and one control tank (10 fish) 

died due to hyperplasia and fusion of gill filaments caused by copepods and protozoan parasites. 

The results are discussed in terms of the likely stresses incurred by fish due to the fishing gears 

tested in each experiment and the aquarium systems used. 



Y ellowfin bream, Acanthopagrus australis, is a common marine fish that typically inhabits 

estuarine and coastal waters throughout much of New South Wales (NSW), Australia (Pollock, 

1982). Their accessibility in estuaries and aggressive behaviour makes them a popular target 

species for recreational hook and line fishers. They are also taken commercially as a target species 

by gill netters, fish trappers and beach seiners and as an incidental catch (or 'by-catch' - sensu 

Saila, 1982) from prawn-trawlers working in estuaries (Liggins and Kennelly, 1996). 

Minimum-size regulations prohibit recreational and commercial fishers from retaining 

yellowfin bream less than 25 cm (total length). However, because none of the fishing gears that 

catch this species only select legally sized fish, some component of the total catch is usually 

discarded. While discarding of undersized individuals occurs to some extent throughout all 

fisheries, in recent years a particular concern to a broad section of the community in NSW has been 

the incidental capture and discard of juvenile yellowfin bream by estuarine prawn-trawlers and the 

negative impacts that this may have on stocks (Kennelly, 1995; Liggins and Kennelly, 1996). 

These concerns led to a three-year observer based study that quantified the distributions and 

abundances of key by-catch species throughout the prawn-trawl fisheries of NSW (Kennelly, 

1993). The information collected revealed relatively large by-catches of juvenile yellowfin bream 

in the Clarence River (mean catches of up to 829 000 fish per year) and Lake Woolooweyah (up to 

348 000 fish per year) (Liggins and Kennelly, 1996). To minimise these by-catches, several 

designs of by-catch reducing devices (BRDs) were developed and tested in these fisheries 

(Broadhurst and Kennelly, 1996; Broadhurst et al., 1996). Of these designs, a rigid separator 

panel termed the Nordm0re-grid (see also Isaksen et al., 1992) was shown to be effective in 

reducing the mean weight of total by-catch (by between 77% and 90%) and the numbers of 

juvenile yellowfin bream ( < 25 cm) (by up to 67%) with no significant reduction in catches of the 

targeted prawns. This research led to the voluntary adoption of the Nordm0re-grid by many 

fishers throughout NSW estuaries, particularly in the Clarence River and Lake Woolooweyah. 

Whilst the application of BRDs like the Nordm0re-grid in prawn-trawls has partly 

addressed the issue of the capture and discarding of juveniles of yellowfin bream in the Clarence 

River and Lake Woolooweyah, there is little information on the levels of discarding associated with 

other large-scale fisheries and, in particular, those involving recreational hook and line. 

Recreational harvests from NSW have been documented in several roving creel surveys (see Henry 

1984; Henry et al., 1987; West and Gordon, 1994; Steffe, et al., 1997). Whilst these studies have 

provided evidence to suggest that recreational anglers catch and illegally retain significant numbers 

of juveniles of species such as yellowfin bream (e.g. Henry, 1984; Henry et al., 1987; West and 
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Gordon, 1994), there are virtually no data available on the levels of discarding of undersize fish by 

these anglers. In addition, the lack of any formal selectivity studies on recreational fishing gears 

makes it difficult to estimate the probability of catching undersized fish and therefore precludes the 

use of management options for recreational fisheries involving gear restrictions. Minimum size

restrictions are used extensively to manage these fisheries but for these to be effective in preserving 

stocks, a large proportion of undersized fish that are caught and discarded should survive. 

In order to determine the longer-term benefits that management options such as minimum 

size-limits in recreational fisheries and BRDs in prawn-trawls will have on stocks of species such 

as yellowfin bream, it is important to provide an assessment of the damage that fish sustain during 

contact with particular fishing gears and the proportion that survive after escape (for reviews see 

Muoneke and Childress, 1994; Chopin and Arimoto, 1995). Our specific goals in this study were 

to quantify the scale-loss and survival of juvenile yellowfin bream after (i) simulated escape from 

the Nordm�re-grid and (ii) release from capture by hook and line. 

MErHODS 

Two experiments were done at NSW Fisheries Research Institute's aquarium facilities 

between June 1996 and January 1997 using two 4000 l fibreglass holding tanks and 22 smaller 

200 1 fibreglass tanks. All tanks were supplied with seawater (at an ambient temperature - range of 
4 

17 - 21 ° C) at a rate of 1.8 1 min- 1, aerated using air-stone diffusers and equipped with outflow 

pipes (termed 'stand-pipes'), designed to maintain constant water levels. The small tanks were 

distributed on opposite sides of an enclosed room and had their stand-pipes located in their centres 

(see Fig. l(A) and Broadhurst et al., 1997). 

Collection of.fish for experiments. - Juvenile yellowfin bream(< 20 cm) were caught at two 

locations using two different fishing gears: approximately 650 fish were caught in the Hawkes bury 

River (33° 34'S, 151° 15'E) from a depth of 2 - 3 m using a prawn-trawl (mesh size 40 mm) and 

approximately 410 fish were caught in a small tributary leading into Botany Bay (33° 59'S, 151 ° 

08'E) from a depth of l m using a seine net (mesh size 15 mm). After capture at both locations, 

fish were carefully removed from the codend or net, placed in holding tanks (400 I - stocking 

density of < 5 kg fish per cubic metre) at ambient temperature (17 - 21° C) and supplied with pure 

oxygen. These fish were transported to the aquarium facility and transferred (using buckets) to the 

4000 I holding tanks (fish captured by each method were kept in separate 4000 I tanks). To reduce 

the possibility of infection arising from initial capture, a solution of I 00 mg/I of Oxytetracycline 

was added to each holding tank and water flow was stopped for 6 hours. 
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Depending on the level of post-capture mortality (see results), fish were allowed to 

acclimatise in the large holding tanks for a period of between 21 days (fish captured by seine net) 

and 100 days (fish captured by prawn-trawl) during which time they were fed a diet of chopped 

pilchards (at a rate of 1 % biomass per day). Any mortalities were removed immediately and 

recorded. Any faeces and uneaten food that settled in the tanks were removed daily by siphon. 

Experiment I: Effects onfatiguedfish due to passing through the guiding panel of the Nordm�re

grid. - In previous field studies that used underwater video to record the behaviour of fish passing 

through Nordm0re-grids, it was observed that most yellowfin bream avoided contact with the 

aluminium grid after passing through the guiding panel (Broadhurst and Kennelly, pers obs). It 

was apparent that most of the damage to these fish (if any) occurred as they were herded together 

in the narrow taper of the guiding panel and passed under the chain at the posterior end of the 

panel. To examine the extent of physical damage and mortality associated with the escape of fish 

from the Nordm0re-grid, we therefore simulated the escape of yellowfin bream through the 

guiding panel. 

A 12 V submersible water pump assembly was modified so that it could replace the stand

pipes in each of the 200 1 tanks (Fig. lB). Included in this assembly was a cylinder of PVC (250 

mm dia x 600 mm long - Fig. lB) designed to (i) prevent fish from physical contact with the pump 

and (ii) concentrate fish into a smaller volume of water in each tank (see also Broadhurst et al., 

1997). Two identical aluminium frames were constructed so that they could be inserted between 

the outside wall of the PVC cylinder and the inside wall of the 200 1 tanks (Fig. 2A, B). The first 

frame was rigged with a panel of mesh constructed similar to the posterior quarter of the guiding 

panel in the Nordm0re-grid (Fig. 2A). As is the case for the Nordm0re-grid used in NSW 

estuaries, four links of 6 mm diameter chain were attached to the top of the posterior end of the 

guiding panel. The second frame was fitted with a panel of fine-meshed polyethylene (Fig. 2B). 

These two panels could be placed along side each other, and rotated freely throughout the entire 

volume of the tank (Fig. 2C). 

After 21 days, the fish that were captured by seine net in the 40001 holding tank were 

anaesthetised using benzocaine (ethyl p-aminobenzoate, 50-75 mg/I in sea water see also 

Quartararo and Bell, 1992). Two hundred and twenty fish (ranging in size from 7- 14.5 cm) were 

selected at random, individually checked for any signs of scale-damage (any damaged fish were 

left in the holding tank), removed (using buckets filled with water) and then placed in groups of 10 

into the 22 smaller tanks. These fish were fed and monitored (using the methods outlined above 

for the 4000 1 holding tanks) and left to acclimatise for a further 10 days. At the end of this second 

acclimatising period, 18 of the tanks were randomly designated as either treatments or controls (9 
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of each). To maintain constant stocking densities throughout the experiment, fish in the remaining 

4 tanks (stock tanks) were used to replace any mortalities in the treatment and control tanks. 

On day I of experiment 1, the stand-pipes were removed in each treatment and control tank 

and replaced with the water pump assembly (Fig. 1B). The pump was activated, producing a 

circulating water flow of between 0.7 and 0.8 knots within each of the tanks for 15 minutes (flow 

was measured using an electromagnetic current meter). During this period, the fish were observed 

to orientate towards the direction of flow and maintain station until exhausted (approximately 10 

minutes for most fish). This treatment simulated the exhaustion incurred by fish as they are herded 

in the trawl. 

At the end of 15 minutes, the two aluminium frames were inserted into the treatment tanks 

and rotated in opposite directions, so that fish were herded together and forced to swim through the 

guiding panel (Fig. 2C). Fish did not come into any contact with the frame containing the fine

meshed polyethylene. In each of the control tanks,-this frame was used to herd fish once around 

the tank. These fish were herded like the treatment fish but did not come into contact with any 

mesh. 

The treatment and control tanks were divided at random into two groups: group 1 contained. 

4 treatment and 4 control tanks and was used to assess scale-loss. Group 2 contained 5 treatment 

and 5 control tanks and was used to assess total mortalities. 

Experiment 2: Effects on.fish due to capture by hook and line. - At the end of experiment 1, 80 

fish from the 4000 1 holding tanks containing fish that were captured by prawn-trawl and the fish 

from the control and stock tanks used in experiment 1 were anaesthetised using benzocaine, 

checked for any signs of scale-damage and transferred to the other 4000 1 holding tank (containing 

fish that were originally captured by seine net). These fish were left to acclimatise for 10 days. At 

the end of this period all fish (ranging in size from 7- 14.5 cm) were anaesthetised and 130 fish 

were randomly selected, individually checked for any signs of scale-damage, removed and placed 

in groups of 10 into 13 randomly selected smaller tanks. Nine of these tanks were designated as 

control tanks and 4 were stock tanks. 

Using Mustang No. 12 long-shanked hooks attached to light monofilament line (8 kg) and 

baited with pieces of pilchards and prawns, 90 fish were hooked in the mouth and 'caught' from 

the 4000 1 holding tank. After capture, fish were held firmly with one hand for between I O and 40 

seconds while the hook was removed. These fish were then placed in buckets in groups of 10 and 

transferred to the remaining 9 smaller (treatment) tanks. 
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As was the case in experiment 1, the treatment and control tanks were divided at random 

into two groups: group 1 contained 4 treatment and 4 control tanks and was used to assess scale

loss. Group 2 contained 5 treatment and 5 control tanks and was used to assess total mortalities. 

Analysis of scale-loss. - Every second day after the start of each experiment, all fish in each tank 

from group 1 were anaesthetised (as described above). Two fish were then randomly selected 

from each tank and carefully removed (using gloves and firmly holding each fish by the head and 

tail) and killed in a solution of benzocaine ( 100 mg/I in sea water). These fish were measured (to 

the nearest 0.5 cm) and placed ventrally on clear plastic sheets inscribed with silhouettes of fish 

(the same_ length and width as each of the samples) divided into five zones per flank (Fig. 3). 

Using the method described in Main and Sangster (1988), both sides of each fish were visually 

subdivided and the percentage scale-loss determined (to the nearest 5%) for each of the five zones 

on both flanks. The means of these 10 values provided estimates of the scale-loss from all zones 

combined for each fish (see also Main and Sangster, 1988). Each fish was then weighed. In 

experiment 2, fish were also examined for damage directly caused by hooks and the location (i.e. 

mandible, premaxillary, maxillary, ethmoid or throat) of lesions (if any) were recorded. 

Data for percentage scale-loss per zone and combinations of various zones were analysed 

using Cochran's test for homogeneity of variances, and then analysed in the appropriate three

factor analyses of variance (Underwood, 1981). Treatment of fish and observation days were 

considered fixed factors in these analyses, tanks were random and nested in treatments and the two 

random fish per tank per observation-day were the replicates. 

Analysis of total mortality. - Fish in group 2 in both experiments were monitored daily for any 

mortalities (30 days in experiment 1 and 40 days in experiment 2). All dead individuals were 

immediately removed from their tanks and replaced with the same number of live fish (which had a 

small section of caudal fin removed for identification) from a stocking tank. Dead fish were 

analysed for scale-loss as per the methodology described above. Because a significant number of 

fish died in experiment 2 we histopathologically examined these fish to determine cause of death. 

Initially, all fish that died in the treatment and control tanks in group 2 of this experiment were 

examined for scale-loss and individually placed in plastic jars containing 10% formalin in sea 

water. Two randomly selected fish from each treatment and control tank were then sent to the 

Regional Veterinary Laboratory in Menagle, NSW for histopathological analyses. At the end of 

experiment 2, to examine the histopathology of surviving fish, 2 randomly selected fish from each 

treatment and control tank in group 2 that had no mortalities were killed and sent for 

histopathological analyses. 
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RESULTS 

Collection of fish for experiments. - Four hundred and fifty eight yellowfin bream, representing 

approximately 70% of the 650 fish captured by prawn-trawl, died during the first 20 days in the 

4000 I holding tank. Most of these dead fish showed evidence of severe physical trauma (i.e. scale 

-loss) that was probably inflicted during capture (e.g. due to weight of catch and contact with the

meshes in the codend). There were no mortalities of fish captured by the seine-net in the 4000 I

holding tank nor during the acclimatising period in the 200 I tanks.

Experiment I: Scale-loss from fatigued fish due to passing through the guiding panel of the 

Nordm(/Jre-grid. - There were no mortalities of fish in group 1 (the scale-loss group) that were 

attributable to passing through the guiding panel, however, three fish managed to jump out of a 

treatment tank. Scale-loss from fish that passed through the guiding panel was < 2 % for all zones 

combined. However, compared to fish from the control tanks, treatment fish showed significantly 

more scale-loss for zones no. 1 and 3 and all zones combined (difference in means of 80%, 60% 

and 60.5%, respectively) (Fig. 4A, C, E, Table 1). Although non-significant there were similar 

trends as above for zones no. 2 and 4 (difference in means of 28% and 56.5%, respectively) (Fig. 

4B, D, Table 1). There was a significant interaction between days and ·treatment of fish for zone 

no. 4 (Table 1). 

Experiment 1: Total mortality of fatiguedfish due to passing through the guiding panel of the 

Nordm(/Jre-grid. - One fish in a treatment tank died on the first day of the experiment after passing 

through the guiding funnel, resulting in a total survival rate of 98% of fish from group 2. There 

were no mortalities of fish in the control tanks. 

Experiment 2: Scale-lossjromfish due to capture by hook and line. - There were no mortalities of 

fish in group 1 that were attributable to being hooked, although one fish managed to jump out of a 

control tank. The majority of fish were hooked in their mouth-parts (Fig. 5) and sustained minor 

damage. Scale-loss was quite low(< 3%) across all zones combined. However, there was 

significantly more scale-loss from each zone on fish in treatment tanks than fish in control tanks 

(difference between means of 79% to 87%) (Fig. 6, Table 2). There were significant interactions 

between days and tanks for zone no 4 and between days and treatment of fish for all zones 

combined (Table 2). 

Experiment 2: Total mortality of fish due to capture by hook and line. - All fish in four of the 

treatment tanks ( 40 fish) and one of the control tanks ( I O fish) died after the 27th day. Results 
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from histopathology showed no differences between fish that died during the experiment and those 

that were killed at the end (Table 3). All fish from all tanks had severe gill pathology (e.g. 

hyperplasia, fusion of filaments and blood vessel lesions) associated with the presence of 

copepods, Alella macrotrachelus, and protozoan parasites (e.g. cryptocaryon) (Table 3). 

DISCUSSION 

The results from this study have shown some of the effects that the escape of yellowfin 

bream from two different fishing gears can have on their scales, mortality and susceptibility to 

infection. By conducting two separate experiments incorporating different methods and treatments 

we have also provided a preliminary assessment of the benefits of BRDs in prawn-trawls and 

minimum-size restrictions on this species for recreational hook and line fisheries. 

Compared to control fish in experiment 1, fish that passed through the guiding panel of the 

Nordmi;;;re-grid showed significant differences in the mean percentage scale-loss for zones no. 1 

and 3 and all zones combined (differences of 80%, 60% and 65%, respectively) and, although not 

significant, there were also differences in mean scale-loss for zones no. 2 and 4 (Fig. 4). An 

explanation for the significant differences in scale-loss at zones no. 1 and 3 (at, and posterior to, 

the area of maximum height) may be attributed to the behaviour of fish during escape. It was 

observed that many fish struggled after making contact with the closed end of the guiding panel 

and then twisted laterally as they passed through. These fish probably lost scales at their maximum 

height during initial contact and then along their posterior flanks at zone no. 3 as they attempted to 

assume their normal swimming action. Although the movement of these fish through the guiding 

panel resulted in the loss of significantly more scales than control fish, the total amount of scale

loss was quite low (i.e. a total combined mean scale-loss of< 2% from treatment fish - Fig. 4E) 

and apparently not sufficient to contribute to any significant mortalities over the duration of the 

experiment (30 days). 

In experiment 2, treatment fish sustained some damage as a result of contact with the hook, 

although in the majority of cases this was confined to minor lesions of mouth-parts (Fig. 5). 

Treatment fish did sustain significantly more scale-damage across all zones than control fish 

(differences between means of 79% to 87% - Fig. 6), however, like the similar sized yellowfin 

bream that passed through the guiding panel in experiment 1, the overall average percentage scale

loss was quite low ( < 3% - Fig. 6E). Despite these results, all fish in four of the treatment tanks 

and one of the control tanks from group 2 died. 
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While mortalities of fish in the treatment tanks occurred earlier and in greater numbers, the 

histopathological results showed that nearly all fish from all tanks (i.e. control and treatment tanks) 

in experiment 2 had severe hyperplasia and fusion of gill filaments caused by large quantities of 

copepods and protozoan parasites (Table 3). Both these agents are found in wild populations of 

fish and are considered capable of causing mortalities (Needham and Wootten, 1978). Given their 

levels of their infestation in all fish in experiment 2 (due to the confined conditions of the tanks) the 

remaining four control tanks and one treatment tank probably would have eventually incurred 

mortalities had the experiment continued beyond 40 days. 

Because there were 100% mortalities in each of 5 tanks, fish within each tank could not be 

considere_d to be independant of each other (i.e. when one fish died due to parasites, all fish in that 

tank subsequently died). This reduced levels of replication from the numbers of fish (n = 50) to 

the numbers of tanks (n = 5), precluding the use of conventional statistical analyses to determine 

the significance of the results. Nevertheless, the mortality of most of the treatment fish after almost 

4 weeks compared to only 10 control fish suggests that the stress associated with being hooked 

and then released may have hastened these fishes' susceptibility to infection (see also Maule et al., 

1987; Pankhurst and Sharples, 1992; Muoneke and Childress, 1994). However, given that all fish 

died in one control tank and there were high levels of pathogens in fish from all tanks, it is likely 

that the effects of confinement and/or the experimental methodology also contributed to stress 

levels and overall mortality (see also Gustaveston et al., 1991; Pankhurst and Sharples, 1992; 

Chopin and Arimoto, 1995). 

In previous studies, analyses of physiological changes to the blood chemistry of fish have 

been used to determine the amount of stress caused by different treatments (Mazeaud et al., 1977; 

Soivio et al., 1977; Gustaveson et al., 1991; Ferguson and Tufts, 1992; Pankhurst and Sharples, 

1992). In particular, elevations in concentrations of plasma cortisol (e.g. Pankhurst and Sharples, 

1992), blood lactate and hyperglycaemia (e.g. Gustaveson et al., 1991) have been shown to 

contdbute to longer-terms effects such as a lowered immune response to pathogens (Maule et al., 

1987). In the present study, we quantified physical damage incurred during escape or release ( e.g. 

scale-loss) and, although this may provide evidence of immediate post-escape/release damage, it 

does not quantify more subtle stress-related effects on physiology. For example, whilst the 

physical damage to fish in both experiments was comparatively low ( < 3% scale-loss) other 

stresses may have caused various physiological changes. In experiment 1, fish were allowed to 

acclimatise in the 200 l tanks for 10 days at constant stocking densities. They were then fatigued in 

a current and treatment fish were quickly passed through the guiding panel of the Nordm�re-grid 

and 'released' while control fish were simply herded around the tank. Except for physical contact 

with the mesh of the guiding panel by treatment fish (resulting in minimal scale-loss), after the 
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initial acclimatisation period the stresses incurred were mainly limited to those associated with 

fatigue. In experiment 2, however, all fish were anaesthetised, removed from the 4000 I tank 

(treatment fish were hooked, control fish were transferred by buckets) and placed in the smaller 

200 I tanks on day one of the experiment - allowing no period of acclimation in the smaller tanks 

and different stocking densities. In addition, treatment fish were probably fatigued after struggling 

against the hook during initial capture and handling in air. Any reductions in the oxygen content in 

their blood during this exposure to air may have contributed significantly to their overall stress (see 

Ferguson and Tuffs, 1992). The cumulative effect of these various stresses in experiment 2 may 

have lowered the immune response of all fish, but mainly treatment fish, increasing their 

susceptibility to the pathogens. 

This study has partly addressed the value of BRDs in prawn-trawls, and minimum size

limits for recreational hook and line fisheries as appropriate tools for conserving juveniles of 

yellowfin bream. For example, it is evident from the results that the physical damage to fish 

sustained during capture by hook and line and escape from the Nordm0re-grid were similar(< 3% 

scale-loss) and small compared to their respective controls. However, while the effects on fish 

escaping from the guiding panel appeared to have been limited to physical damage, there was some 

evidence to suggest that fish which were caught by hook and line and then discarded suffered more 

longer-term effects that may have contributed to their post-capture mortality. It is unknown, 

however, to what extent these sorts of effects, observed in the confined conditions of the aquaria, 

reflect what actually occurs to fish in wild populations. For example, fish in wild populations may 

not be exposed to the same levels of copepods and protozoan parasites as those in the aquaria. 

This uncertainty, combined with a lack of information on the influences of other fishery-specific 

effects (e.g. contact with the trawl, secondary re-capture and escape, different levels of fatigue, 

effects of different hook types and sizes, locations of hooking, duration of time spent on the line, 

exposure time in air, etc.) makes it difficult to extrapolate the results from this study to the 

respective fisheries in NSW. Such factors should be considered in future studies that assess the 

value of regulations involving the discarding of under-size fish. 
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Captions to figures 

Fig. 1. Diagrammatic representation of: A) the 200 I fibreglass tanks and B) the 200 I tank fitted 

with the submersible pump assembly used in experiment 1. 

Fig. 2. Diagrammatic representation of: A) the aluminium frame and guiding panel, B) aluminium 

frames containing the fine-meshed polyethelene and C), the frames being rotated together in 

the treatment tanks (top view) in experiment 1. 

Fig. 3. Fish profile and zones used to estimate scale-loss. 

Fig. 4. D�fferences in mean percentage scale-loss(± SE) between the control and treatment fish in 

experiment 1 for: A) zone no. 1, B) zone no. 2, C) zone no. 3, D) zone no. 4 and E) all 

zones combined. **significant at P<0.01; *significant at P<0.05.

Fig. 5. Location of lesions from hook damage in treatment fish in experiment 2. n = 40. 

Fig. 6. Differences in mean percentage scale-loss(± SE) between the control and treatment fish in 

experiment 2 for: A) zone no. 1, B) zone no. 2, C) zone no. 3, D) zone no. 4 and E) all 

zones combined. **significant at P<0.01; *significant at P<0.05.



TABLE 1. - Experiment 1: summaries of F ratios from analyses of variance to determine effects on scale-loss from yellowfin bream due to 

different treatments of fish (i.e. control vs those fish that passed through the guiding panel), days and tanks. The transforms used to stabilize 

variances (if required) are also listed. Because 3 fish jumped out of a treatment tank, we substituted means of the remaining replicates and reduced 

the degrees of freedom accordingly. 

Treatment d.f. Zone no. 1 Zone no. 2 Zone no. 3 Zone no. 4 All zones 

Arcsin(sqrt (x)) Arcsin(sqrt (x)) Arcsin(sqrt (x)) Arcsin(sqrt (x)) 

Treatment of fish (TF) 11.25** 0.93 8.21 ** 3.40 16.91** 

Days (D) 4 1.91 0.07 0.61 0.79 0.72 

Tanks (T) 6 1.35 1.16 0.96 0.45 0.53 

TF xD 4 0.55 1.61 2.74 2.93* 1.53 

T xD 23 0.99 1.62 0.78 0.93 1.00 

Residual 37 



TABLE 2. - Experiment 2: summaries of F ratios from analyses of variance to determine effects on scale-loss from yellowfin bream due to 

different treatments of fish (i.e. control vs those fish that were hooked), days and tanks. The transforms used to stabilize variances (if required) 

are also listed. Because 1 fish jumped out of a control tank, we substituted the mean of the remaining replicates and reduced the degrees of 

freedom accordingly. 

Treatment d.f. Zone no. 1 Zone no. 2 Zone no. 3 Zone no. 4 All zones 

Arcsin(sqrt (x)) Arcsin(sqrt (x)) Arcsin(sqrt (x)) 

Treatment of fish (TF) 27.59** 13.53** 29.55** 7.69** 56.48** 

Days (D) 4 0.92 0.36 2.28 1.83 1.76 

Tanks (T) 6 0.92 0.74 0.51 1.28 0.61 

TF xD 4 0.66 0.25 3.03* 1.03 2.96* 

T xD 24 0.87 0.61 1.06 2.31** 0.65 

Residual 39 



TABLE 3 - Summaries of histopathology done on 2 randomly selected fish from each treatment and control tank in group 2, experiment 2. Fish that died 

during the experiment are in bold type and fish that survived the experiment are in plain type; (T) treatment tank; (C), control tank; Lengths in centimetres; Scale-loss in percent; 

( +++, ++, +, 0) severe, high, moderate and none. 

Tank Fish Fish Day of Total Diffuse Focal Fusion of Copepods Cryptocaryon Blood vessel Epitheliocystis 

no. no. length mortality scale-loss hyperplasia hyperplasia filaments lesions 

Tl 1 10.5 29 10.1 ++ ++ + ++ + + 0 

Tl 2 14 30 1.5 + +++ + + ++ + + 

T2 1 10.5 28 3 +++ ++ + + + + + 

T2 2 10 29 0 ++ ++ ++ + ++ ++ + 

T3 1 10 39 0 ++ ++ ++ + 0 0 + 

T3 2 10 40 0 ++ +++ ++ + ++ + + 

T4 1 11.5 40 2 ++ ++ ++ + + + + 

T4 2 9.5 40 0 ++ 0 0 0 ++ 0 0 

T5 10.5 40 0 + +++ +++ + + + + 

T5 2 10 40 0 ++ ++ + + + + + 

Cl 1 10.5 37 2 ++ ++ 0 + + + + 

Cl 2 10 38 0 +++ ++ ++ + + 0 0 

C2 10 40 0 +++ + + 0 +++ 0 0 

C2 2 9 40 0 + ++ + + + + + 

C3 12 40 0 ++ ++ ++ + + + + 

C3 2 8.5 40 0 + ++ ++ + + 0 0 

C4 8 40 0 + ++ 0 0 + 0 + 

C4 2 11 40 0 + +++ ++ ++ ++ 0 + 

CS 9 40 0 + ++ + ++ ++ 0 + 

CS 2 9.5 40 0 + ++ + + + 0 0 



A) 2001 tank

B) 2001 tank with pump assembly attached
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A) Guiding panel

6 mm 0 aluminium frame 
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B) Fine meshed polyethelene

C) Top view of the two frames in the treatment tank
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